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TOD AY'S K~Y

FOR TOMORROW'S PROBLt=MS

By Dr.]. H. Longwell

The research programs of the Agricultu ral Experiment Station have expanded in scope and improved in quality during the interval between 1948
and 1960. In the fiscal year 1960, 225 projects were
under way compared with 92 in fiscal 1948. Of these,
about 23 percent were basic in nature in 1960 while
about 10 percent could be considere d basic in 1948.
The primary reason for this improvem ent in extent and quality of the research program is the increased competenc e of the research staff. Competence
of staff members is increased principall y by two activities, graduate work and experienc e in planning
and conductin g research programs , and advancement
in academic rank depends chiefly on progress in
these areas.
Graduate work helps the individua l to broaden
and deepen his understan ding of the subject matter
area of his choice and to develop and sharpen his
capacities for independ ent thought. Substantia l
achieveme nt in graduate work is recognize d by colleges and universities by the advanced degrees which
they award. The intellectua l progress represente d by
the degree is important , not mere possession of the
degree. Progress in graduate work by the Experiment Station staff is shown in the following table.

Highest Degrees Earned by Experiment Station Staff
Bachelor of
Science

Master of
Science

Doctor of
Philosophy

Total

1948
number
per cent

13
12

60

36

55

33

109
100

10
5.7

73
41.5

93
52.8

176
100

1960
number
per cent

Experience in planning and conductin g research
and in summariz ing and interpreti ng the results also increases the competenc e of the research worker.
In 1960, 79 percent of the staff held the rank of assistant professor, associate professor or professor ,
while in 1948 about 71 percent held these ranks.
Availabili ty of proper facilities and equipmen t
also is essential to high quality research. Facilities
and equipmen t include libraries, laborator ies, land,
animals, laboratory equipmen t, field machiner y, and
processin g and storage facilities. Substanti al additions have been made to physical facilities during
these twelve years. Eight pieces of land totaling 2,240
acres have been acquired in the vicinity of Columbia. Five tracts having a total area of 11,080 acres
have been obtained for use as research centers in locations at a distance from Columbia.
At Weldon Springs an experime ntal herd of
beef cattle, consisting of 500 breeding cows and 16
bulls, has been developed. The gift by J. C. Penney
of the Foremost Guernsey herd has added substantially to research facilities in dairying.
The New Agricultu ral Building, construct ed
during this time, provides extensive research laboratory space and equipmen t. Included are the Experiment Station Chemical Laborator ies, Spectrographic Laborator y, Food Processin g laborator ies,
and laboratories for use in Entomolo gy, Forestry and
Horticultu re research. One laboratory is equipped
to use radio-isotopes in research. These laborator ies
are equipped with up-to-date apparatus and instruments which enable research workers to conduct research with the degree of accuracy and detail required
to solve the complex problems of modern agricultur e.
Completio n of the first units in a proposed extensive greenhous e layout provides valuable facilities for Horticultu re research. Addition of an elec5

tron1c computer enables research workers to obtain
more accurate, complete and rapid calculation of
data than has been possible previously.
The expansion in research at the central Ex·
periment Station is supplemented by considerable
increase in research at research centers located in
areas of the state distant from Columbia. In addition to the beef cattle breeding research at Weldon
Springs, forestry research is conducted on timber
management and Christmas tree production and
marketing. The most inclusive research program at
any of the research centers has been developed at the
Southeast Missouri Center. This research is now being established on a new farm near Portageville and
includes research which seeks solution to the agri·
cultural problems of that area.
The information which is obtained from the
agricultural research program is of major importance
in helping Missouri farmers to increase the efficiency
of operations and compete with farmers in other
states. The value of research to Missouri agriculture
is recognized by the General Assembly, as indicated
by substantial increases in appropriations to support
Experiment Station operations. The increases in
funds from all sources are shown in the following
table.

Mixed Fertilizers Sold in Missouri
Total tons
Per cent plant food
Tons plant food
Increased plant food, tons

l948
263,936
21.4
56,482

due to greater tonnage
due to higher analysis

1959
525,322
36.6
192,268
135,786
55,937
79,849

In addition to the greater efficiency of the high
analysis material another saving in costs appears.
If the 192,268 tons of plant food which were
contained in the 525,322 tons of fertilizer sold in
1959 had been sold in the form of the low analysis
fertilizers which were common in 1948, a total of
898,400 tons 9f fertilizer would have been required.
This is 373,078 tons more than the amount of high
analysis material actually sold. The costs of bagging
and shipping these additional tons, at the average
rates, would have been about $3,500,000, a cost
which farmers would have paid on the low analysis
fertilizers.
Plant breeding research combined with soil fertility research has helped Missouri farmers increase
acre yields of crops substantially. During the four

Agricultural Experiment Station Funds, by Source
State Appropriations

Other

$210,756
35.0

$173,890
27~8

$220, 162
37.2

$604,808
100

793,279
27.7

1,105,085
38.4

974,610
.33.9

2,872,974
100

Federal Grants

1948
amount
percent

1960
amount
percent

The column headed "other" includes income
from the sale of materials produced in research, fertilizer fees, and gifts and grants.
Information and materials produced by the research work of the Experiment Station are made
available for use by everyone who may find them
applicable to their conditions.
Soil fertility research has developed the information which provides for the installation and successful operation of soil testing laboratories in 103
counties of the state and from which recommendations are made for the kinds and amounts of plant
food to be added to different soils for various crops.
This research also indicates fertiliz¢rs which contain
high percentages of plant food are more efficient
and more effective than are low analysis fertilizers.
6

Total

years 1948-1951 inclusive, wheat in Missouri yielded
an average of 18.4 bushels an acre; during the four
years 1956-59 the average yield was 27.4 bushels, an
increase in average yield of about 49 percent. Comparing soybean yields for the same years, the average increase is 3.3 bushels, about 17 percent over the
1948-51 average. Between 1948 and 1959, total acreage of soybeans increased from 795,000 acres to
2,270,000 acres and total production from 15,900,000
bushels to 52,210,000 bushels. The varieties of soybeans now being grown in Missouri have been developed in the cooperative soybean breeding program in which the Missouri Station cooperates with
adjoining state experiment stations and the United
States Department of Agriculture.
Beef cattle, from which Missouri farmers obtain

a major share of income, increased about one and a
third million head between 1948 and 1959, mainly
in response to increased consumer demand for beef.
Research in animal breeding, physiolog y of reproduction, feeding, herd managem ent, disease control,
pasture improvem ent, and marketin g, has helped
farmers improve the number and quality of beef
cattle and increase the income from this source.
The poultry industry is going through extensive
changes. Numbers of laying hens have declined from
16,693,000 in 1948 to 10,337,000 in 1959. This results
from the almost complete disappeara nce of the farm
flock and concentra tion of egg productio n in large
commerci al enterprise s. Average productio n per hen
has increased from 163 in 1948 to 191 in 1959. This
changed productio n pattern is made possible by application of informati on obtained in research in
breeding, nutrition, disease control, managem ent,
and marketing .
Turkey productio n in Missouri has increased

from 1,441,000 in 1948 to 3,565,000 in 1959. This
large increase, in response to greater consumed demand, also is made possible by applying results of
research which enable turkey producers to improve
efficiency of operations .
Agricultu ral research, like all scientific research,
is a continuin g process. Agricultu re is a dynamic industry which is undergoi ng extensive changes resulting from applicatio ns of science, which have
been developed by research and from the impact of
changes taking place in other segments of the nation's economy. Changes made in agricultur e often
devttlop new problems which require solution by
research. Greater knowledg e and skill of research
workers and availabilit y of more refined technique s
and improved equipmen t enable research workers to
attack and solve problems which could not be solved
with the limited knowledg e and equipme nt previously available.
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A6RIC ULTURA L CHEMISTRY
Merle E. Muhrer, Department Chairman

PROJECT 56:

1-/emorrhagic Condition s In Farm Animals
M. E. Muhrer, Donald Oberleas
Objectives:

A. Study of the effect of barometric pressure
changes on parturition in swine.
B. Study of the thrombocyte agglutinating activity of normal and hemophilic swine
plasma and platlets.
C. The etiology of parakeratosis.
Results:

A. Twenty-nine sows and gilts were used during the past year to determine if dropping barometric pressure in combination with various treatments could effect parturition in swine. There was
no apparent correlation between hormone treatment
and parturition. Animal numbers in these experiments were small and additional observations are
needed in order to draw significant conclusions from
these data.

B. With hemophilic swine, the magnesium and
manganese ions were relatively ineffective and with
the calcium ion system either normal plasma or
platelets was required to produce the same agglutination as normal plasma and platelets. The system
of hemophilic swine plasma, platlets and a divalent
cation was non-agglutina ble.
C. An experiment was begun on January 9,
1960, to determine if parakeratosis could be produced by including phytic acid as one percent on
purified diets fed to swine. After only one week,
marked differences in daily gains and feed efficiencies
were notable. This indicated without a doubt that
phytic acid has some detrimental effect on the physiology of swine. This experiment, however, was
halted abruptly on January 19, 1960 when fire destroyed the animals and the barn in which this experiment was being conducted.

PROJECT 81:

.

Biochemical, Physical, and Physiolog ical Aspects tn
Natural and Artificial Breeding
D. T. Mayer, M. Bartek, Jr., R. E. Berry,
Y oshio Matsumato, Helen P. Godbey
Objectives:

A. A thorough chemical and biochemical investigation of the various lipid fractions on
bull spermatozoa separated by a chromatographic procedure.
B. An intensive study of the phospholipid fraction of bull spermatozoa because phospholipids are implicated in reproductive processes and spermatozoan physiology.
C. A comparative study of the chemistry of
ejaculated and epididymal spermatozoa with
especial emphasis upon spermatozoan matura8

tion and upon those cellular constituents
which influence survival and metabolism of
spermatozoa.
D. The isolation and characterizati on of the
basic protein, deoxyribonucl eic acid and the
keratin-like protein of bovine spermatozoa.
Results:

Fractionation of the lipids extracted from the
bovine spermatozoa separated the lipids into 7 fractions. In fraction II, no unsaturated hydrocarbons

were present, hence only 7 fractions were isolated by
the chromatograph ic procedure. As will be noted in
Table I, the phospholipid fraction comprised some
58 to 60 percent of the total lipids. Free cholesterol
was the second largest fraction (14.3 percent).

PROJ~CT

The results of the quantitative determination of
the amount of alkali extractable lipoprotein-car bohydrate from ejaculated, epididymal and testicular
spermatozoa, in general, showed that the quantity
of complex isolated was the least in testicular spermatozoa and the most in ejaculated spermatozoa.

137:

Requirem ents of the Growing Chick for Minerals, Amino Acids,
and Unrecogn ized Nutrients
B. L. O 'Dell, A. G. Hogan, Wendell Woods
Objectives:

A. To determine the requirements for and metabolism of the essential trace minerals.
B. Effect of Protein Source on Zinc Absorption.
C. Zinc Content of Selected Tissues from Deficient and Control Chicks.

Summary
The zinc in soy protein is less available than
that in casein and gelatin. A casein-gelatin diet that
contained 9 p.p.m. of zinc was adequate in zinc but
the same amount in a soy protein diet was grossly
inadequate. The soy diet contained about 0.12 percent of phytic acid phosphorus. Addition of this
amount of phytic acid to a casein diet caused a zinc

PROJ~CT

deficiency which was readily reversed by supplemental zinc. It was concluded that phytic acid in
proteins decreases the availability of zinc.
Zinc absorption and balance studies performed
on operated chicks indicated an apparent absorption
of about 35 percent on the casein-gelatin diet and a
negative apparent absorption on the soy protein
diet. There appeared to be a net loss of zinc on the
latter diet due to poor absorption.
Zinc deficiency as indicated by extremely poor
growth decreased the zinc content of bone to about
one-third the control value but had no appreciable
effect on the zinc content of liver, muscle or blood.

147:

Mineral Content of Alfalfa and Other Feeds
Grown in Missouri
E. E. Pickett, Don Chab, Robert Park
Objectives:

A. To complete analyses of alfalfa and corn collections, study the data, write research bulletins concerning results.
B. Initiate new program in light of findings under A, specifically, to determine whether cobalt deficiencies actually exist under practical conditions on farms in areas producing
cobalt deficient alfalfa.
Report of Progress:

About 180 samples of early and late cuttings of
alfalfa were collected from 59 locations in 12 counties during the years 1954, 1956, and 1957. These

were analyzed for the major elements nitrogen, phosphorus, potassium, calcium, magnesium, boron, copper, cobalt, zinc, and molybdenum. Generally adequate supplies of all mineral elements (except cobalt) were found for good plant and animal nutrition. About 50 percent of the samples were deficient
in cobalt for sheep feeding and about 25 percent
were deficient for cattle feeding. The deficient samples were associated with certain areas and soil types.
Occasional alfalfa samples are low in copper, zinc, or
molybdenum. No indication of manganese toxicity
or excess was found.
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PROJECT 148:

Factors Affecting the Stability of the Colloidal Casein in Milk
C. W. Gehrke, W. G. Godbey

Objectives:

This study was planned to clarify the mechanism
of action of the enzyme rennin on casein in skim
milk and to conduct physico-chemical studies on
structural molecular changes in casein molecules as
a function of enzyme action, heat, and other physical
factors. Sedimentation studies and viscosity measurements were made.
Progress Report:

Viscosity studies have shown that the viscosity
of milk does not change during the enzymic phase
of rennin action. An extensive investigation was undertaken to determine how rennin might alter the
casein molecules. X-ray diffraction patterns and Xray scattering studies on acid precipitated, alpha and
kappa caseins before and after rennin action and
heat denaturation are being made. These data will be

compared with studies on other globular proteins
systems, i.e., gluten. Studies using the techniques of
differential thermal analysis, X-ray diffraction and
small angle X-ray scattering, are useful in determining molecular structure. Differential thermal analyses
will give information on the number of hydrogen
bonds involved. X-ray diffraction studies present information on the spacing arrangements of higher
electron densities 1-30 A. Small angle X-ray scattering will give information on electron densities
from 30-100 A. The electron microscope studies will
give information on the molecular size and shapes
from 50-100 A and up. The data obtained will be
useful in postulating a theory of molecular structure,
denaturation, polymerization, and interaction of
casein molecules.

PROJECT 149:

Critical Nutrients in Guinea Pig Nutrition
B. L O'Dell, A. G. l{ogan, B. C. Hardwick,
E. R. Morris, D.P. Nabb, William Regan
Objectives:

A. To isolate and identify the unrecognized factor that stimulates growth rate, reproductive performance and disease resistance in
guinea pigs.
B. To study the stiffness syndrome in guinea
pigs as regards mineral metabolism and possible organic factors involved in wrist stiffness.

Summary
Guinea pigs fed magnesium deficient diets frequently develop grossly visible deposits of Ca 3 (P0 4 )z
in soft tissue. Even in the absence of deposits, analysis of kidney, heart and muscle tissues showed an
elevated content of both calcium and phosphorus.
Partition of the acid-soluble phosphorus showed that
10

most of it was accounted for as inorganic phosphorus. The excess inorganic phosphorus did not
result from a failure of its conversion to labile and
easily hydrolyzable phosphorus because these fractions were slightly higher than in the controls.
Supplementation of guinea pig diets with cabbage stimulated the growth rate about 30 percent.
All attempts to isolate the active component by
chemical fractionation have failed. The growth stimulation must result from an extremely labile component or from the texture of the cabbage which
stimulates food intake.
Cabbage supplementation also increased the resistance of guinea pigs to Salmonella infection. There
seemed to be a higher properdin titer in the sera of
animals that consumed cabbage.

PROJECT 151:

Effect of Nutrition on Congenital Malformations in the Offspring
and on Aging in the Adult Rat.
B. L. O 'Dell, A. G. Hogan, B. A. Erickson,
B. C. Hardwick, Genevieve Reynolds

Objectives:
A. To study the teratogenic effects of nutritional deficiencies and of food additives.
B. To determine physiological and biochemical
functions of minor nutrients important in
the prevention of congenital abnormalities.
Summary
The addition of cobalt to vitamin B, 2 deficient
diets fed to reproducing female rats improved the
lactation performance only slightly and had little or
no effect on the incidence of congenital malformations. Contrary to results reported for growing rats,
increasing the percentage of either protein or fat
did not accentuate the symptoms of vitamin B 1 2 deficiency in the offspring. The addition of the
methyl donors, choline and methionine, and the substitution of glucose for sucrose in the diet had no
appreciable effect on malformations. The substitution of lactose for sucrose increased still-births but
tended to decrease hydrocephalus.
The omission of copper from the salt mixture
used in a casein diet did not produce a copper deficiency. When both copper :Jnd B 12 were omitted,
the incidence of congenital malformations was less
than when only B12 was omitted. Apparently excess
copper in the diet decreased intestinal synthesis of
B12.

Female rats reared from weaning on a diet of
whole, dried milk developed deficiencies of iron,
copper and manganese unless the diet was supplement. If allowed to reproduce, the offspring of dams
deficient in iron are born weak and anemic. The offspring of manganese deficient dams have a high incidence of defects particularly shortening of the long
bones and fusion of sternal bones. The copper deficient offspring were the most debilitated and showed widespread subcutaneous hemorrhage and severe
anemia.
The concentration of non-protein sulfhydryl
compounds in the livers of weanling rats partially
depleted of vitamin B 1 2 was about 10 percent less
than that of controls, but there was no difference in
the concentration of non-protein disulfide compounds. Fasting did not accentuate the effect of the
deficiency. The livers of new born rats from severely
depleted dams contained significantly less non-protein sulfhydryl compounds and enough more of
disulfide compounds to account for the difference.
In spite of the lower sulfhydryl content of livers
from deficient animals there was no difference in the
rate of anaerobic glycolysis in either liver or brain
tissue.

PROJECT 152:

Rumen Culture
M. E. Muhrer, G. B. Garner,
Richard Bloomfield, E. J. Carroll, A. L. Donoho

Objectives:
A. Isolation and characterization of natural and
synthetic compounds stimulating cellulose
digestion by rumen organism.
B. Factors necessary for conversion of non-protein nitrogen to protein by rumen organisms.
C. Improvement of the nutritive value of high~
fiber farm forages by fermentation with ru-

men organisms.
D. Isolation and characterization of urea utilizing organisms from the rumen.

NPN Utilization
On the basis of the data, an animal receiving
one-half of the ration used twice a day would lose
11

approximately 35 percent of the urea nitrogen during the first hour and gain about half of this back
during the last three hours, before the second feeding. If the biological value of bacterial protein is
about 70, (Kaufman et al. 1957) then the biological
value of the urea fed at this level should be between
50-60.
A. A series of trials failed to establish a molar
relationship between biotin and hqmobiotin. Further
work will be done to establish the molar inhibition
ratio for the bacteria and to investigate the possible
extra-cellular cellulose-biotin-hom o biotin interaction.
B. Urea is hydrolyzed very rapidly in the rumen. This hydrolysis proceded at a rate of about 80
mg. N / hour/ 100 ml. rumen fiuid. The rumina! NH3
value leveled off at about 70 mg. N / 100 ml. This
level is almost identical to the value of 70 mg. percent rumina! NH 3 concentration before NH 3 begins
to appear in the portal blood system.
C. Several references in the literature have indicated that the cellulose of soybean hulls has a high
coefficient of digestibility in ruminants. Laboratory
investigations and feeding trials similar to those reported previously were conducted with this material

PROJ~CT

as the principal substrate for rumen-type fermentations. In the labqratory phase, the uptake of urea
nitrogen served as the criteria for evaluating different fermentation mixes, levels of rumen fluid inoculum, urea, and energy. Fermentations were carried out with fresh rumen-fluid inocula under anaerobic conditions. It was found, as has been the case
throughout this work, that the maintenance of physiological pH was perhaps the limiting factor. Laboratory scale fermentations of soybean hull flakes,
starch, minerals, urea and a carbonate buffer system
showed that from 18 to 52 percent of the urea nitrogen present was utilized presumably for microbial synthesis. Extremely high levels of volatile acids
were also produced (up to 30 meg/ 100 ml.). No advantage was found in continuous sub-culturing the
inoculum. Fresh rumen fluid proved superior.
D. Using a variety of media containing urea for
primary isolation, several urealytic organisms have
been obtained from sheep and cattle. Isolations were
made from known dilution of rumen fluid so estimates of the numbers present could be obtained.
Both aerobic and anaerobic techniques were used.
Several urealytic organisms were identified.

212:

Conservation and Improvemen t of Nutritive Value of Foods
Laura M. Flynn, M. E. Muhrer, C. W. Gehrke,
A. G. Hogan, Zuhal Erek
Objectives:
A. Improvements in methods of extracting
amino acids and vitamins.
B. Investigation of the content of selected vitamins and amino acids in feeds.
C. No work completed on this objective this
year.
D. and E. Determination of Vitamin A content of blood from normal and from sick
animals.
F. Preparation of manuscripts for publication
of unpublished data on nutrients in feeds
and foods.

Summary
1. Improvements have been in the methods of
extracting methionine, cystine and folic acid for
microbiological assay. Preliminary tests have been
made to explore the possibility of adapting the Mor12

ton-Stubbs correction for non-vitamin A absorbancy
for use in the spectrophotometri c determination of
vitamin A in blood and liver tissue.
2. New data on methionine and cystine in com
provided figures for methionine sulfur and cystine
sulfur which account satisfactorily for total sulfur in
corn as determined by the official A.O.A.C. oxidation procedures. The validity of the data for cystine
and methionine in low protein corn has been confirmed by the results of a bio-assay on the same
sample.
3. Data showing the amount and distribution of
sulfur in corn and other common! y used feeds have
been compiled in fourteen tables to be incorporated
into two manuscripts. These manuscripts are now in
preparation and will be submitted to the editors of
Cereal Chemistry and the Journal of Nutrition for
publication.

PROJECT 223:

The Role of Hormones in the Biochemical and Physiological
Activities of the Reproductive Organs
D. T. Mayer, Helen Godbey, Mike Milicervic, L. D. Miller

Objectives:
A. The Effect of Stress on the Leucocytes in Different Breeds of Swine.
B. Identification of the Estrogens in the Urine
of the Pregnant Sow.
C. The Influence of Thyroxine, ProgesteroneEstrogen Mixtures and other Factors upon
the Uterus and Embryos in Rats.

Results:
A. The research under this Objective was completed in June, 1959 and was accomplished as a cooperative project with Project 222, Swine Improvement, Animal Husbandry Department. It has been
decided that the work under Objective A of Project
223 would be reported in Project 222. However,
since a manuscript has been prepared, an abstract
setting forth the results of this research has been
presented in this Progress Report and includes the
major contributions of the research completed during the past year.
B. As an approach to the overall problem concerning factors influencing or associated with litter
size in swine, the urinary metabolites of the steroid
hormones of pregnancy have been under investigation a period of five years or more. Results of this
research and of pilot experiments with rats have led

to the utilization of a progesterone-estrogen mixture
a~ a therapeutic measure to increase embryonic survival dunng pregnancy in swine.
. ~- The ~esearch undertaken under this Objective IS a contmuation of our work during the past
several years upon embryonic survival as a factor
related to litter size in swine. This, too, is a part of
the cooperative research between Project 223, Agricultural Chemistry and Project 222, Animal Husbandry.
Four results of importance have been obtained
prior to the present investigation with pilot experiments on rats and intensive research using swine:
( 1) that fertilization pia ys a minor role in litter size
(2) that ovulation rate is associated with litter size
in a positive manner (3) that intra-uterine spacing of
the embryos influences embryonic survival and litter
size and (4) that an optimal mixture of progesterone
and estrogen in a ratio of 2000 to 1 administered for
~ ten-day peri~d d~ring early gestation favorably
mfluenced utenne size, embryonic spacing and embryonic survival.
However, other factors may be involved and
there is, as yet, uncertainty regarding the chemical
and enzymatic changes in the uterus induced by the
progesterone-estrogen mixture which indirectly
brings about the favorable results.

PROJECT 247:

Forage Poisoning Caused by Drouth
M. D. Muhrer, B. L. O'Dell, Alvin Donoho,
G. B. Garner, D. L. Pugh, L. M. Flynn,
W. 0. Regan, R. A. Bloomfield

Objectives:
A. To continue studying blood nitrate level of
farm and experimental animals on various
ration, noting any bio-chemical changes.
B. To investigate the interrelationship between
nitrate in feeds and the utilization of vitamin A and carotene. B 1 Nitrate content of
willow leaves. (DuPont Grant).

C. To characterize the toxic factor in red clover

hay.
D. To study ensiling methods aimed at eliminating toxic principles and improvement of
feed value.
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Results:

A. An adequate method for detecting nitrates in
bovine serum has been obtained. Normal bovine potassium nitrate levels in serum appear to be 0.5-1.8
mg. percent, the average being 1.06 + .3 mg. percent.
B. Eight open gilts were placed on a low carotene intake and individually mated. Following mating, they were placed on one of the experimental
diets containing 0.0, 1.0, 2.0 percent KN0 3 and 0.1
percent NaN0 2 • Blood analysis for WBC, RBC,
Hemoglobin, hemocrit, nitrate, chloride, and sedimentation rate were run. Only nitrate analysis and
sedimentation rate reflected experimental differences.
No effect was noted on ratio of live to dead pig farrowed. There was some indication of opaque eyes
in the two percent KN0 3 and 0.1 percent NaN0 2
groups. Most significant was the increase number of
matings required on the experimental rations.
C. The toxic principle in red clover is being
investigated. The assay using guinea pigs is slow
and progress in chemical separation is hampered due
to this method of assay.
A supply of stubble cutting red clover was obtained with a known history of causing slobbering
in cattle. This has facilitated a more constant search
for the identity of the toxic factor. There continues
to be reports of the factor occurring in various re-

gions of the state. Little progress can be made until
the active factor is identified.
D. An experiment was conducted to see the affect of storage in plastic bags on the feeding value
of the resulting fermented product. Ground ear corn
harvested at 271h percent moisture and stored in mil
plastic bags was compared to the ground ear corn
from the same field harvested at 15 Yz percent moisture.
This high-moisture ground ear corn was fed to
one lot of 66 pound pigs and compared to a lot of
pigs fed the 151h percent ground ear corn and another lot fed ground shelled corn. All lots were fed
the same amount of feed on a dry weight basis.
Results of this experiment show that the highmoisture ground ear corn was adequately preserved
with about a 6 percent loss in feeding value.
During the feeding trial it was evident that the
high-moisture corn which had been stored in the
plastic bags was highly palatable to the pigs, more
so than the normal ground ear corn.
Results of the experiment show that pigs on
this feed made an average daily gain of eight percent
greater than the normal ground ear corn control,
however, this required 51h percent more feed.
These experiments show that high-moisture
grain can be adequately stored in plastic bags with a
minimum of loss in feeding value.

AGRICULTURAL ECONOMICS
Elmer R . Kiehl, Department Chairman

PROJECT 44:

Land Resource Investigations
Frank Miller, D . L. Williams, J. H. Hildebrand,
R. D. Fenley, Ronald Bird, T . L. Jones
Objectives:

To inventory the present use of resources; to
determine levels and sources of income and
the kinds of adjustment problems that confront farm families.
2. To reveal alternative methods of increasing
the productivity and income of people in se1.
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lected areas of the state through increased efficiency in the use of farm, forest, mineral,
recreation and industrial resources.
5. To find methods of adjusting the land ownership, land renting and land use patterns to
technological changes so unprofitable operat-

ing units can be made to return satisfactory
incomes for farm families.
9. To determine how much profitably can be
spent per acre for water control structures
and soil treatments on the various types of
soils i~ the state and to develop satisfactory
procedures for sharing the costs on rented
land.
11. To determine the effects of introducing farm
equipment of greater capacity upon the need
for larger acreages of crops per farm in order
to keep production costs low.
12. To develop procedures for financing farm
businesses that will make risk capital available for the establishment of optimum combinations of land, equipment and labor.
Progress Report:
An investigation of the ways in which recreational resources can be used to increase incomes of
people in the Ozark region of the state. Data are
being assembled that will show the current contributions in money terms of the recreational resources,
the share of this income that goes to local farmers,
the types of recreation that contribute most and ways
of increasing the return. The investigation has not
advanced far enough to justify conclusions at this
time. The Agricultural Adjustment Research Branch,
Farm Economics Research Division, Agricultural Research Service, USDA are cooperating in this work.

An economic appraisal of the use of water for
irrigation is under way. A random sample of 64
farmers was selected from 186 farmers, who were
known to have irrigation equipment, in Dunklin,
Pemiscot, New Madrid and Mississippi Counties.
These 64 farmers have been interviewed to obtain
the following types of information: (a) the total investment in irrigation equipment, (b) the cost of irrigating crops, (c) the kind of crops irrigated in 1959
and the yield response, (d) method used in applying
water, (e) the source of water and the quantity applied. Analysis of the data is under way, but results
cannot be reported at this time. The Agricultural
Adjustment Research Branch, Farm Economics Research Division, Agricultural Research Service,
USDA are cooperating in the work.
A study of the relative efficiency of farm resource allocation under different types of tenure is
under way. Records have been obtained from 435
farmers in the Marshall soils area of Missouri, Iowa,
Nebraska and Kansas. The data have been placed on
IBM cards for analysis. The Missouri segment of
the study deals primarily with relationships between
tenure status, size of farm businesses and efficiency
in use of land, machinery and labor. The findings
now available show that owner operators get slightly higher crop yields than tenants but receive much
lower net farm incomes. The differences grow out of
the fact that owner operators have smaller businesses
than tenants.

PROJECT 61:

Real Estate Price and Assessme nt Trends
Frank Miller
Objectives:

A. To keep a record of land price trends in the
major type-of-farmin g areas of Missouri and
to make the information available to land
owners, prospective buyers, borrowers and
lenders.
E. To isolate the factors that influence the land
market, and to determine why land values
fluctuate.
Conclusions:

During the 1947-56 ten-year period, farm land
prices in Missouri did not reflect farm commodity
prices or over-all levels of farm income. In most sections of the state, land prices continued to advance
despite lower farm income. The increase was great-

est in level areas where the soils are medium in productivity, but respond well to applications of fertilizer.
The market was not speculative. Buyers were
less inclined to resell in the second five-year period
than in the first.
A great many tracts smaller than 100 acres were
purchased by owners of other land to increase the
size of existing units.
High-quality land in a county that has a large
acreage of low-grade soils can be bought for a lower
price per acre than can high-grade land in an area
where most of the land is above the average of the
state in productivity.

1)

Most of the farms on the market were either
estates or were being sold because of old age, bad
health or retiremen t of the owner.
The price at which other land had been sold in
the communi ty appeared to be a major factor in determining both the asking and bid price. Few buyers
were familiar with appraisal technique s, and very
few hired trained appraiser s to give them an esti-
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mate of the value of a farm.
When land goes on the market, a few sales
establish a bench mark for the asking price. In a
seller's market, the asking price tends to become the
sale price. In a buyer's market, the bid price tends
to prevail. In the 1947-56 period, the land market
in Missouri definitely was a seller's market.

110:

Farm Enterp rise Cost and Return s
A. R. Hagan, J. P. Doll, E. H. Hudson, F. E. JustuS

Cotton Study Objectives:
A. To determin e physical input-ou tput relationships , and the costs and returns of producing cotton in Missouri by size of enterprise.
B. To determin e physical input-ou tput relationships , and the costs and returns of producing cotton in Missouri by level of mechanizatio n (technolo gy).
C. To determin e the costs and returns of certain productio n practices and to build the
foundatio n for analyzing various others.
D. To keep informed on current developm ents
involving size of business, technolog ical advances, organizat ion of farm business, and
other factors that influence the economic s of
cotton productio n in Missouri.
Hog Study Objectives:
A. To determine the physical input-out put relationship s and the costs and returns of Missouri swine productio n by size of herd (economics of scale).
determine the economic implicati ons of
To
B.
various productio n practices and organizational structures , such as confinem ent swine
productio n vs. pasture productio n.
C. To keep informed on current developm ents
involving size of business, technolog ical advances, organizat ion of farm business, and
PROJ~CT

other factors that influence the economic s of
Missouri swine productio n.
During 1959 the major emphasis in this project
was devoted to obtaining data necessary to accomplish objectives A, B, and C, of the cotton production study and objectives A and B of the swine production study.
During the past year detailed input-out put cotton enterprise records were obtained from 45 farmers
on the 1959 cotton crop. The number is considerab ly
below the goal establishe d at the start of the study,
but this was mainly due to a number of uncontrol lable circumsta nces. The quality of records collected,
however, was excellent , conseque ntly the data received should be very valuable to Missouri farmers
and personne l working with farmers.
These records are now being summariz ed and
analyzed. Cooperati ng farmers are to receive theil- individual summarie s by March 1, and an Experime nt
Station publicati on will be prepared immediat ely
thereafter .
Arrangem ents have been complete d to expand
this study in an effort to obtain approxim ately 100
records on the 1960 crop. The record systems have
been distribute d to cooperati ng farmers.
Detailed input-out put records were obtained on
20 relatively large swine enterprise s in Northwes t
Missouri. These records are now being analyzed. As
of now, no results are in publishab le form.

112:

Factors Affect ing Individual Farm Earnings
J.P. Doll, F. E. Justus, E. A. Leonard,
M.S. Stauber, H. D. Utter
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Objectives:
A. To keep currently informed on trends in
earnings of farmers in various types of farming areas of the state and for different systems of farming.
B. To identify changes which may develop in
the effect of size of business units, organization, and production efficiency on farm
earnings.
C. To keep abreast of changes in capital requirements of various crop and livestock
enterprises.
The 1958 Farm Business Summary provided information relevent to objectives A and C, and to a
certain extent B. The other studies initiated this
year provide data contributin g to objective B.
A total of 224 farm business records from farmers in 49 Missouri counties were summarize d and
the 1958 Farm Business Summary published.
Additional analyses were undertaken using these
records as a basis. The major one of these analyses
is a study to determine the effects designated input
and output price changes would have on the net incomes on farms of various types and sizes. The cost
structure varies by type and size of farm and consequently the incomes of farmers are affected to dif-

ferent degrees by changing prices of inputs farmers
buy and/ or the prices of commoditie s farmers sell.
This study was undertaken to provide insights concerning the effects of price changes on Missouri
farmers.
The cost structure and receipt structure of each
of the 224 farm business will be examined and designated price changes built thereon. The farms are
then to be classified on the basis of type of farm and
size for the analysis. The conceptual izing of this
study has been completed and actual calculations are
getting underway.
A study was also initiated on the economic implications of land use practices upon farm income.
Approximat ely 75 farmers in the Marshall Silt loam
area of Lafayette County, who have terraces on their
farms, were interviewed in an effort to obtain farmer
esttmates of various affects of terraces. Estimates were
obtained on the effects of terraces on crop yields,
intensity of land use, and operating costs of producing various crops. Linear programmi ng will be
used to determine the effects of terraces, and different rotations (with and without terraces) on the net
income of farms having modal resource characteristics.

PROJECT 115:

To Examine and Apprais e the Effects of Public Policies such as
Price Support s, Subsidies, and Others, Directe d at Agricul ture
Gordon
Results from the study indicate that:
1. Total ~issouri cash farm income since 1947
has declined in relation to that of the United
'States.
2. Receipts from all livestock including meat
animals, dairy, and poultry account for approximately seventy-five percent of Missouri's
cash farm income. However, since 1945 livestock has contributed a declining portion of
Missouri's cash farm income.
3. Since 1947, each of the different classes of
livestock, except dairy, has contributed a declining portion of Missouri cash farm income. The largest declines were in poultry
and sheep and lambs. In that same period the
percentage contributed by Missouri to U.S.
receipts from poultry' sheep and lambs, and
cattle and calves, declined in that order. Hog

Nance
receipts increased relatively, and dairy receipts stayed about the same.
4. Crops have contributed an increasing percentage of both Missouri's cash farm income
and U.S. income from crops since 1945. The
increases in the percentage contributio n of
these crops to Missouri cash farm income
are: Soybeans-2 00 percent; wheat-150 percent; and corn-35 percent. Oats and cotton
have not shown much changes in their percentage contributio n ..
Further work on this project indicates that additional research is needed on changes in technology,
supply of agricultura l commoditi es, demand for
agricultura l commoditie s, and interregion al competition in order to accurately assess the impact of
governmen t programs on Missouri farm income.
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PROJECT 199:

Managing the Reserve Supply in Fluid Milk
Markets-Methods and Costs.
Floyd Lasley, S. F. Whitted
Objective:

A. Appraise the adequacy of existing facilities
and institutions for handling milk reserves,
and develop suggestions for more efficient
arrangements.
Results:

During the period 1950 through 1957, 32.6 percent of the butterfat in these markets studied was excess to bottling needs. During the same time 3 7.3
percent of the skim milk was excess. Over the course
of time, however, the utilization of skim came more
into line with butterfat. The markets in the northern
part of the region had the greatest percentage surplus and a greater part of the milk was surplus in
the eastern markets than in the western ones.
F{om 1947 through 1958, over 35 percent of
the manufactured products in the United States were
made from surplus Grade A milk. The trend in
this percentage was up over the period studied with
a significant coefficient of correlation. The percentage
of manufactured products made from surplus Grade
A milk in the North Central Region was less, just
over 25 percent. The principal reason for this lower
percentage was that nearly nine-tenths of the manufacturing milk was produced in the North Central
Region.
Since the largest part of the surplus occurred
during a short part of the year, special difficulties in
handling it were encountered in some markets.
Fifty percent of the surplus in these markets during
the study period was received during the four
months of March, April, May, and June. Plants
operated to handle surplus operated at much below
capacity during most of the year and were even
closed during the fall months in some instances.
Another type of surplus problem has developed
in recent years related to the trend toward sales of

milk through stores. Most of this milk is purchased
on the week end. St. Louis bottlers processed one
and one-half as much milk on Friday as on Wednesday and none at all on Sunday. If the market does
not have enough refrigerated storage tanks to hold
large volumes of milk over the first of the week
slump, milk actually needed for bottling is forced
into manufacturing uses.
The total amount of Grade A milk utilized in
surplus categories not only increased during the
study period when expressed in physical terms but
it also increased when expressed as a percent of
milk receipts. The proportion of the surplus used
in cottage cheese and in ice cream declined while
the proportion used in butter and cheese increased.
The trends on both instances were significant.
Markets with surplus at all times of the year
may be able to ameliorate the situation somewhat
by furnishing milk to other markets in need of supplementary supplies. This is no solution for the
market which has a seasonal surplus, however, since
during the months when it has milk in excess of its
own needs, most other markets are in the same
situation.
Several markets successfully reduced their surplus problem by initiating a system of centralized
management of the milk supply. This usually but
not necessarily was initiated by the producers' association. Such management allocated the market
supply to those plants which needed it for bottling
purposes and away from those which would have
used it for manufacturing.
Due to the nature of production and consumption, many markets could reduce their surplus problem by a more even seasonal pattern of milk production. Several markets achieved some success by
the use of special pricing plans.

PROJECT 254:

Extent of Use of Farmer's Cooperative,
Services Performed and Problems Confronted
18

V. ]. Rhodes,]. N. Smith, M. P. Gupta
Results:

Detailed analysis of the audit records of 33 local
marketing and purchasing cooperatives has been
completed and a manuscript is being prepared. The
construction of a number of financial ratios for each
unit for a number of years from 1937 to 1957 describes rather well the differences among units and
the changes over time. While extensive analysis is
precluded by a lack of knowledge of the goals, obstacles, competitive environment, etc. of each unit,
a few useful observations can be made.
There was a surprising range in the financial
ratios of operating units. For example, the current
ratio (current assets and current liabilities) ranged
from .05 to several thousand, although the median
ratio through the years was generally safe! y above
3.1. The ratio of sales to fixed assets ranged from 2
up to 439 and the median declined from 34.5 in
1947 to 17.9 in 1957. Likewise the median ratio of
sales to wages has declined from 34.2 in 1937 to 18.5
in 1957. Inventory turn over for 195 7 ranged from
5. 7 to 42.0 with a median of 15.9.
The median ratio of net worth to total liabilities declined to .80 in 1957 after reaching a peak of
.94 in 1951 but it is still well above the .63 ratio of
1937. Net savings were related positively to net

sales. Net savings were slightly and positively related to the current ratio.
The mean percentage of total assets represented
by fixed assets declined to 21 in 1951 from a high of
40 in 1937 but had risen to 33 in 1957 because of
recent expansions in plant facilities.
Local units have been providing more credit by
the same means. The mean percentage of accounts
receivable to current assets rose from 13 in 1947 to
26 in 1957. The mean percentage of accounts payable
to current liabilities rose from 3 7 in 1949 to 57 in
1957.
The locals have reduced the proportion of
marketing activities and increased the proportion of
purchasing activities over the 20 years. By 1957 the
percentage of sales accounted for by cream, hide
and wool had fallen below 1.0. Groceries made up
3 percent of sales in 1937 and 7 percent in 1957.
Feed volume had risen to 14 percent of total sales
in 1957.
While there was fluctuation over time, the
financial ratios of the individual locals were fairly
consistent. Locals with poor ratios tended to retain
poor ratios from 1937 to 1957 and likewise for locals
with very adequate ratios.

PROJECT 262:

Marketing Missouri Vegetables
). C. Grady
Conclusions:

1. The vegetable producers need to find some
way, by cooperation or otherwise, to bring
larger quantities of products together to be
able to meet present day market demands for
quality and quantity.
2. The producers need to develqp better methods for the maintenance of quality after harvest. This likely will require the pooling of
efforts by several small producers in given
localities.
3. The producers should give irrigation greater

consideration which would enable them to
improve quality and yield and the possibility of lowering per unit cost of output.
4. The pooling of commodities would give the
producers more bargaining power and permit a more standardized product to be offered.
5. The one crop that indicates a potential in
terms of location, harvest season and perishability is sweet corn for the fresh market.

PROJECT 279:

How Young Families Get Started in Farming
Frank Miller, F. L. Mann
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This investigation was undertaken for the following purposes: (1) to reveal the legal framework
governing the use of installment contracts for transference of rights in farm land; (2) to appraise the
hazards that may confront buyers and sellers who
use installment contracts; and ( 3) to compare Missouri laws relating to land installment contracts
with those of other states in the North Central
Region.
The first two of these objectives guided the investigation that was reported in the Missouri Law
Review. The findings were as follows:
The use of installment contracts is not recommended for transfer of rights in Missouri farm land.
The conventional deed of trust with power of foreclosure by non-judicial sale will accomplish all of
the favorable results sought in some jurisdictions by
use of the land installment contract.
From the existing case law on the land installment contract it is apparent that, if used in Missouri
at all, it should be used with extreme caution and
only after the unfavorable consequences have been
given careful consideration.
A manuscript entitled, "Mortgages-R edemption After Foreclosure Sale in Missouri", was completed and submitted to the Missouri Law Review
for publication. The purpose was to reveal the legal
remedies available to borrowers and lenders when
the terms of a deed of trust or other type of contract are not met.
In general, a foreclosure sale under a mortgage
or deed of trust cuts off the mortgagor's equity completely, and the purchaser at such sale acquires absolute title to the mortgaged property. However, in
Missouri, there are at least two exceptions which
permit the mortgagor to 'r edeem the property after
the sale. The first is associated with limited statutory
rights to redeem after a foreclosure sale under a
realty deed of trust. The second and more important
exception allows the mortgagor to get the sale set·
aside where certain irregularities have been associated with the transaction.
Some of the equitable grounds justifying the
mortgagor's redemption after a foreclosure sale are
as follows: ( 1) inadequacy of consideration combined with any other circumstance showing an unfairness, fraud, or stupid management resulting in
sacrifice of the property; (2) unusual hour of sale
resulting in substantial injury to the mortgagor;
(3) improper sale in bulk or parcels resulting in
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substantial in jury to the mortgagor; ( 4) actions that
lulled the mortgagor into a false sense of security
and then foreclosed without giving him notice of
the impending action; ( 5) chilled bidding at the
foreclosure sale; (6) purchase by the trustee or mortgagee at his own foreclosure sale; (7) unauthorized
place of foreclosure sale; (8) defective notice of the
sale; (9) unauthorized substitution of trustee and
delegation of trustee's duties; (10) failure of trustee
to postpone or adjourn the foreclosure sale when
such action should have been taken; ( 11) trustee's
abuse of the right of discretion and violation of
duties.
Missouri statutes authorize foreclosure of mortgages and deeds of trust by non-judicial sale. Furthermore, the requisite notice upon default is only
twenty days. It is important to note that whether or
not a court of equity will set aside a sale and permit redemption depends entirely upon the facts in
each particular case.
Two regional bulletins are in process of publication. One dealing with the number of farming
opportunities for young men and the ways in which
these opportunities are influenced by the adjustments that are taking place in agriculture is being
published at the University of Nebraska. The other
dealing with the progress of young people in getting established in farming is being published at the
University of Illinois.
A third manuscript entitled, "Financing Farm
Transfers with Land Contracts", has been approved
for publications, subject to revisions sug~ested by
members of the Regional Committee. It will be
published at the University of Minnesota.
The work at the Missouri Station during the
past year has been guided by objective (c) in the
Project Plan. It reads as follows:
"To develop procedures for enlarging inadequate farm businesses and for financing
young families who want t<? get started in
farming."
The laws of the North Central states relating
to use of land-installme nt contracts and other law
equity transfer devices are being summarized, compared and evaluated in a regional manuscript that
will be published at the University of Missouri.
The study has been outlined, but the work is not
far enough advanced to permit a detailed description of the findings.

PROJECT 288:

Effects of Fires on Insurance and Other Ginning Costs
J. E. McKinsey, W. R. Summitt, D. N. Harrington
Losses from fires in cotton gins constitute a
significant portion of the total cost of ginning cotton. Reported losses during this ginning season in
the 58 gins included in the sample totaled $16,727.
These losses were sustained as follows : to cotton,
$7,344; to buildings, $5 ,849; to machinery, $2,214;
and cost of time lost, $1 ,320. Approximately twenty
percent of the losses in buildings and machinery
were due to windstorms. Premiums paid by these
gin companies totaled $118,250. They collected
$7,571 in claims.
For the three years of the study the operators
of these gins reported losses by t ype of loss, as follows:

A. Losses from machinery -$3,804
B. Losses from buildings-$11,207
C. Losses from cotton burned-$23,944
D. Cost of labor in ginning time lost-$3, 702.
This represents a total loss of $42 ,65 7 from
these fires. In addition, $4,200 of fire extinguishing
materials were used.
To protect themselves from these losses these
same cotton gins paid approximately $350,000 in
insurance premiums.
Reported payments from the insuring companies to the cotton gins totaled $33,650.

PROJECT 229:

Analysis of the Changing Patterns of Livestock Markets in Missouri
Objectives:

Durward Brewer

Work this year was concerned primarily with
phase II, specific objective B and phase III, objective C of the major outline of the project plan.

Report of Progress Including Detailed Results:
Work completed during 1959 was primarily
concerned with phase II and III, specific objectives
B and C of the major outline. In connection with
phase II; packing plants were classified according
to slaughter volume, managers of selected plants
were individually interviewed, and information obtained on practices followed and livestock procurement methods. Schedules were edited and preliminary analysis of data were made. All data and information collected from the various markets and
marketing agencies involved in specific objective B
of the outline have undergone further analysis. A
more intensive analysis was made of country livestock dealers and local market data, and a manu-

script prepared and is now in the process of being
printed. Work completed in phase III has consisted of making initial contact with selected dominant
livestock markets operating in delineated sub-areas
within the terminal public market areas of St.
Joseph and St. Louis, price data and information,
volume and transportation cost data were collected
for selected periods during the year on specified
weight classes of slaughter hogs. Data and information collected relative to phase III from the cooperating markets has undergone preliminary analysis
as it becomes available. Final analysis of objective
A of the major outline was completed during the
year. All necessary data for the regional analysis
have been forwarded to the regional committee, and
state analysis on all phases have progressed concurrently with the region where information and data
permitted.

PROJECT 299:

Economic Analysis of Marketing of Grains with Special Emphasis on
Buying, Pricing and Trading Practices at County Elevators
21

J.

W. McKinsey, W. G. Heid, J. C. Grady, D. N. Harrington

Progress Report:

A questionna ire was mailed to a stratified random sample of 200 country elevators to obtain information on modes of transportat ion used to ship
grain. Eighty-seve n usable questionna ires were returned. A random sample of 54 of the nonrespond ents was surveyed to determine if the respondent s
were different from the nonrespond ents.
The above data was combined and analyzed
with similar information of 1954 and 1956. Analysis
of this data indicates that there was considerab le
variation in the ratio of the volume of grain shipped
to the volume of grain purchased by these country
elevators. The ratio of the volume of grain shipped
by truck to the total volume of grain shipped has
increased steadily from 22 in 1954 to 27 in 1958.
The percentage of country elevators shipping grain
by motor trucks has also increased.
In 1956 fifty-eight percent of the Missouri elevators shipped grain by motor truck as compared to
76 percent in 1958. Approxima tely 43 percent of
the grain shipped from Missouri country elevators
by truck went to destination s within the state in
1954. In 1958, 65 percent went to destinations with-

in the state.
Receipts of grain by motor truck in the St.
Louis terminal markets increased from 1.6 million
bushels in 1945 to 36.3 million bushels in 1958.
Receipts by motor truck as percent of total receipts
increased from 2.1 percent in 1945 to 33.1 ·percent
in 1958. However, the volume of grain received by
railroad has remained comparativ ely steady.
Data was collected on prices paid to Missouri
producers by 87 local grain buyers. There was considerable variation in prices between elevators within the same county. There was as much as thirteen
cents per bushel difference between elevators.
Informatio n on grading practices and grading
accuracy of wheat was collected from 52 country
elevators. This data indicated that most buyers do
not grade as closely as the state grain inspection
service.
During the 1959 harvest, information was collected on pricing of wheat at 52 country elevators.
Data on prices paid to country elevators as related
to the prices paid to producers was also collected.
Analysis of this data is underway.

PROJEC T 315:

Flavor Prefere nces Affectin g Consum er Choice of Poultry Meats
L.A. Voss
Objectives:

A. To test consumer acceptance and preference
for existing poultry meat products. This objective to include only uncooked poultry.
B. To test consumer acceptance and preference
for commercial ly cooked poultry meat products .
Report of Progress:

Dressed broilers, from a Departmen t of Poultry
Husbandry Experiment , were broiled and the flavor,
tenderness and juiciness were evaluated by a trained
taste panel. The taste panel work was conducted
through use of the facilities of the Departmen t of
Home Economics.
The experiment al lots of broilers were used,
one lot was fed a semi-synthe tic diet and grown on
a wire floor, one lot was fed a practical diet and
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grown on a wire floor, and the third lot was fed a
practical diet and raised on litter.
The birds fed the synthetic ration were not as
well finished as those fed the practical ration, but
the finish was adequate by normal market standards.
The taste panel results were analyzed by the
analysis of variance technique. There was no significant difference in flavor, juiciness or tenderness
between treatments. The panel result showed no
significant difference in flavor, juiciness or tenderness due to treatment. There was a highly significant
difference between dark and light meat, the dark
meat being evaluated as having more flavor, more
juice and being more tender.
More details on this experiment are reported in
the current progress report of Project No. 313, Department of Poultry Husbandry .

PROJECT 316:

The Economic Aspects of Egg Breaking and Drying in Missouri
L.A. Voss

Objectives:
A. To determine the importance of egg processing plants as buyers of eggs from farmers, and their effect on farm prices.
B. To determine the methods and cost of procuring, processing and merchandising eggs
by commercial plants.
C. To determine the significance of physical
characteristics of eggs on the procurement
policies of firms.

Progress Report:
The contributing project on "An Alternative
Procurement Method for Egg Processors" is in the
stage of data collection, processing and analysis. Information is being secured from plant managers
relating to processing costs, procurement methods
and procurement problems. This is to supplement
applicable survey information from the Kansas
analysis of the egg processing industry.

Data on liquid egg yields, egg sizes and related
information on controlled flock production procurement for flocks started at different seasons of the
year, is being completed. Egg cost data, equipment,
plant, freezing, and storage cost data in egg processing is in the process of analysis.
The egg processing industry is aware of increasing difficulty in securing breaking stock from
the traditional source, the small farm flock. The
number of these flocks is declining rapidly. There
is little hope of revival of this production. Larger
Midwest flocks market through shell egg channels.
Other economic factors such as less seasonality of
production, and prices, higher fixed costs, and problems and costs of seasonality labor make continuous production of liquid eggs a feasible consideration.
The preliminary manuscript will be completed
by June 30, 1960.

PROJECT 328:

Floricultural Standards and Grades
). C. Grady,). H. Walker

Tentative grades for chrysanthemums have
been derived from measurement data taken at various levels of marketing. These proposed grades
have been distributed to growers, wholesalers and
retailers. The grades have been explained to various
groups over the state and at the florist short course
and state meeting. Bunches of ungraded chrysanthemums have been sorted and graded by the standards proposed. The reasons why each factor is so
classified are explained to the various members of
the industry.
A test of the proposed grades was initiated in
November in Kansas City and St. Joseph, Missouri.

Grade tags were supplied to the growers and the
test was to be conducted under commercial conditions for six weeks. The test was discontinued after
a week because the flowers that were being cut
could not qualify under the grading system. The
cut chrysanthemums all had weak stems and thus
could not meet the requirement of holding the
flowers in an upright position. The reason for the
soft and weak stems was the cloudy weather which
occurred in the month of October. Another test is
planned during the months of February, March and
April.

PROJECT 330:

Milk Supply Responses to Changes in Various Economic
Factors Including Milk and Other Commodity Prices
in the Greater Kansas City Marketing Area
23

Elmer Kiehl, S. F. Whitted,

J.

N. Smith. Floyd Lasley

Objectives:

A. Discover factors which influence amount of
milk supplied to Kansas City Market.
B. Picture overall milk supply response trends
in Kansas City Market.
During the sample year, July 1, 1956 to June
30, 1957, 402 producers left the Kansas City market.
During this same period, 247 new producers entered
for a net loss of 155. Twenty-five percent of those
who left the market still had dairy herds; 15 percent
of them still produced Grade A milk for other markets.
The new producers who made up eight percent of the total and supplied about six percent of
the milk said they were in dairying because they
liked the work; it furnished a steady income; it
yielded a better income than other farm enterprises
and their farms were adapted to it.
There were indications that faulty management
was the factor which accounted for the greatest portion of the withdrawals. Thirty-five percent of the
past producers said they quit dairying because it did
not furnish an acceptable level of living while many
of the new producers felt that it yielded a better income than other farm enterprises. Handler policies
and old age were the two other most important
causes of withdrawal.
The number of other enterprises that dairymen
have is decreasing and the proportion that these enterprises contributed to the owners' net farm income is diminishing.
During the three years prior to interview, the
rate of herd expansion was five percent per year
which was accompanied by an increase in produc-
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tion per cow.
The greatest obstacle to herd contraction was
the investment in specialized facilities. Other barriers were lack of knowledge about other farm enterprises, facilities for other farm enterprises, and a
source of income while establishing a new enterprise. One advantage of dairying is that it begins
providing an income almost as soon as the enterprise is set up, while most other farm enterprises
must be pursued for a year or more before they begin to yield an income.
Over 3,4 of the producers indicated that milk
prices had little or no influence on the quantity of
concentrates fed. Eighty-two percent replied that
the price of grain and roughage had no effect on
their dairy herd size. Eighty-nine percent said that
the price of beef cattle and hogs had no influence
and 64 percent indicated that the price of dairy cattle had none.
Most dairymen thought their alternatives lay in
larger herds and more productive cows rather than
in other farm enterprises or other jobs. They put
little faith in hiring more labor as a means of improving their position but looked to improved technology instead. Their level of output was relatively
impervious to minor price changes. The main core
of producers will continue to expand output, unless
returns from dairying become seriously mal-aligned
with returns from other enterprises or other jobs.
Most of any adjustment will come from entries or
exits of producers rather than from adjustment of
output by existing producers.

334-335-336:

Time and Temperature Tolerances of Meats and Meat Products
J. L. McBee, N. B. Webb, W. C. Stringer, Isabelle Delaney,
Patricia Benson, E. R. Kiehl, V. J. Rhodes,
Objectives:

A. To develop the required information for predicting the storage or distribution life of
meat and meat products as influenced by:
1. initial composition and nature
2. initial and subsequent microbial innoculation
3. processing treatments
4. other environmental influences encountered in the distribution and handling of
these products.
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B. To develop objective and subjective methods
leading to predictive standards for the storage and distribution life of these products.
Steaks and ground meat were studied to determine the effects of freezing, freezer storage conditions, and processing treatments on the physical,
chemical, and organoleptic characteristics of the end
product.
Oxidative rancidity was greatly affected by these
variables and was the limiting factor in acceptability.

Freezing had a slighdy adverse effect on the tenderness of steaks.
Many ramifications of the above are covered in

this. work including tenderness and protein degradation methodologies.

PROJECT 339:

Measuring the Impact of Poultry and Poultry Products
Price and Income Policy upon Producers,
Market A_gencies and Consumers
Gordon Nance, J. G. West, Kumid Karnik
Report of Progress:

Estimates of demand and supply parameters obtained in other studies have been used to estimate
the price and income effects of government purchases of eggs. These programs have had. a positive
effect on price during some periods but they have
usually been so small as to have little significance
in terms of contribution to income from the sale of
eggs.
Government purchase programs have contributed toward less seasonal variation in egg prices.
This was especially true during the 1940's when
purchases were large.
Results of an examination of use of poultry
products in school lunches indicate that direct distribution of eggs does increase total consumption.
However, the donation of eggs under the Section 32
program in many instances substitutes for eggs that
would otherwise have been purchased through normal marketing channels.
Potential outlets for poultry products appear to

have been a limiting factor in the size of purchase
programs. Funds available under Section 32 legislation also impose a limitation on the quantity of
poultry products that can be purchased during any
one period.
Eggs have been purchased in both shell and
processed form. Shell egg purchases have been
spread over a wider geographic area than purchases
of dried and frozen eggs. During the 1958-1959 purchase program, over 95 percent of the dried eggs
were purchased from breakers in the North Central
Region.
.
Developments in the egg breaking 1ndustry are
closely related to government purchase programs.
The number of egg drying plants in operation is
positively correlated with government purchases.
Tentative results from an analysis of poultry
purchase programs with alternative price and income objectives indicate that such programs could
have only limited effects under present legislation.

PROJECTS 348-349-350:

Improving the Acceptability of Meat
Elmer Kiehl, V. J. Rhodes, M. Mangel,
H. D. Naumann, J. Volk, Helen F. McHugh, Taylor Hendrickson,
C. Rodgers, E. Birmingham, M. Bailey
Conclusions:

Basing acceptance on the 9 point hedonic
rating scale, the F.M. was more acceptable
than L.F. or L.S. but the difference was very
small.
2. Consumers did not indicate a significant preference for any grade.
3. The consumer panel found no significant
difference in acceptability between firm and
1.

soft loins when both were sparsely marbled.
4. The correlation between acceptance and tenderness was low and not statistically significant.
5. A trained laboratory taste panel was able to
identify extremes in the degree of marbling
but not firmness in pork loin chops.
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PROJECT 359:

The Evaluation of the Use of Fiber Tests on Marketing Cotton,
and the Relation of Fiber Properties to End Product Performance
J.

W. McKinsey

Progress Report:
Important elements of cotton quality other than
grade and staple include fineness, strength, and uniformity of fiber . Relatively recently, instruments
and tests for measuring these fiber properties have
been developed and/ or adopted by the trade as merchandising and processing aids.
Three fourths of all shippers owned fiber testing instruments. The test for fineness was the most
commonly used in buying and selling cotton. Seventy one percent of the instruments owned were
Micronaires.
Shippers used fineness and strength tests as buying guides in three different ways. The most common! y used method in making interior purchases was to
determine the fineness of randomly selected cotton in
a given territory. If these fineness test results met their
specifications, they would buy in the territory. Another method was to spot check actual bale samples
as a guide in buying. In some instances, however,
shippers tested every bale for fineness prior to purchasing a lot of cotton.

There was wide variations in the limits imposed
by buyers. Fifty-two different ranges in fineness were
reported as common! y specified in domestic sales,
and twenty-seven different fineness ranges were common in export sales. With only a few exceptions,
the limits of these ranges fell between a minimum
of 3.0 and a maximum of 5.0.
A major advantage of fiber testing mentioned
by a majority of the shippers was that it made it
possible to sort and concentrate cotton into more
nearly uniform lots. This may make it possible for
spinners to predict the quality of their end-products
with greater accuracy, and to set and operate their
spinning machinery more efficiently. This in tum
may strengthen. cotton's competitive position in the
textile market.
Since fiber testing is relatively new, its value to
the cotton industry is not fully known. Also, it may
eventually necessitate some changes in the channels
of trade. Some shippers believed that it might become as important as cotton classing.

PROJECT 362:

Costs and Efficiencies of Livestock Markets in Missouri
Charles Cramer, W. D. Eickhoff

Report of Pt.:ogress:
Work during the past year has involved the
collection of data showing the complete operating
labor utilization of one terminal stockyard company.
Analysis has been conducted which reveal labor
costs per unit of livestock per function performed
for a sample period of one week.
Contact has been made with representatives of
the Packers and Stockyard Branch AMS to plan the
acquisition of cost data which will be obtained by
that agency from livestock suctions and interior
markets in Missouri. These data will be available
for the first time in the spring of 1960, since many
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of these markets have only within the past year
come under supervision of P. and S.
In cooperation with the Missouri State Depattment of Agriculture by use of matching funds of
the Agricultural Marketing Service, USDA, data on
the actual price of individual auctions on specific
days have been obtained. In addition to price data
for each lot, data on weight, grade, class and type of
buyer were obtained. These data have been edited
and coded preparatory to their transfer to punch
cards for tabulation and analysis.

PROJ (:CT 363:

Economics of Water Resources - Utilization
M. M. Gaffney

Conclusions:
1. The aggregate variability of water supply in

a system is most significantly measured by
the variance/mean, and is minimized by a
simple fractional division among water-users.
Prevailing systems raise variability high
above this attainable minimum.
2. Diversions by holders of the strongest water
rights tend to vary inversely with stream
flows; diversions by holders of the weakest
rights are even more variable than the flows
of wasted flood waters, a gross diseconomy.
3. There is a large costly excess capacity in
aqueducts, due to ( 1 ), above, plus the premium placed by water law on premature inflated claims; failure to rationalize independent agencies into integrated networks; and
uneconomical scattering of water- users,
which once is imposed, is perpetuated by
rigidities in water law.
4. This excess diversion capacity, and commensurately inflated water rights expressed
in constant rates of flow, immobilize much
water that is not actually used, forestalling
further development of the most economical supplies. This creates artificial local scarcities which in turn lead to costly developments of remote supplies such as the Feather
River Project, which is premature and necessitated only by underdevelopmen t of more
southerly supplies.

5. In some areas water shortage is the limiting
factor on economic development. These
areas lie intermingled with others which
could spare large water inputs without re·
clueing output much or at all. Several areas
could increase output by using less water.
But controlling, institutions are not adequate
to permit exchanges to effect an economical
equimarginal allocation.
6. Pump irrigators are widely scattered among
unirrigated lands. This increases the cost of
recharging underground water reservoirs
and creates a large area receiving potential
but unused benefits from recharge, thereby
complicating the problems of organization,
taxation, forecasting demands, etc., and forces
development to proceed, if at all, by large increments, with all the problems that implies.
7. The marginal productivity of storage works
on different streams is very unequal, betraying an uneconomical unbalance of development.
8. The correlation among variable stream flows
is the greater, the more equal their mean
flows, so that mutual cancellation of flow
variations is more to be achieved through integration of adjacent streams of different sizes
than of remote streams of comparable sizes.

PROJ(:CT 367:

Rural /-lousing Credit
Frank Miller

Objectives:
A. To examine and evaluate the institutional
framework of present sources of credit for
construction and/or improvement of farm
homes.
B. To determine the extent of use of existing
credit facilities by farm families, and to
measure their adequacy in terms of need
and the financial ability of farmers to meet
the cost of meeting the need.

C. To determine the extent to which credit is
not available to rural people who need funds
for home construction or improvement and .
are financially able to carry the loan.
D. To reveal obstacles in the policies and practices of existing credit agencies that keep
them from meeting the needs of rural people and to outline procedures that may be
used to meet these obstacles.
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The data were obtained from secondary sources
such as the United States Census, by interviewing
164 rural families in Clinton, Grundy and Holt
counties, and from representatives of commercial
banks, life insurance companies, national farm loan
associations, Farmers Home Administration and
other lenders in the area.
Analysis of the data showed that very few requests for credit to construct, modernize or improve
rural homes were turned down by lenders. Farm
people appeared to be reluctant to borrow money
for non-productive purposes. They did not hesitate
to use credit for the purchase of cattle or farm supplies.
Most of the families with incomes large enough
to pay living expenses and service a loan already had

modernized their homes or were planning to do so
in the near future. Many of those who lived in substandard houses did not have sufficient income to
repay a loan no matter how favorable the terms
might be.
Occupancy of a house that met desirable standards appeared to depend upon household income
rather than availability of credit. The analysis of
records showed that gross farm income was significantly related to the net worth of the operator, the
amount of working capital he was using and the
number of years he had lived on the place. There
was little difference in the size or quality of houses
occupied by farm owners and renters when the
families were grouped according to levels of income.

PROJECT 379:

The Economics of New Technology in Crop and Livestock Production
F. E. Justus, E. A. Leonard, D. C. Huffman

Objectives:
A. To estimate the rate of adoption of new
technology by Missouri farmers and the
.prospects for future adoption.
B. To estimate the effects of new technology on
the size, organization, output, and income
on individual Missouri Farms.
C. To determine the aggregate effects of technological changes on Missouri farm output and input requirements.
D. To determine the economic implications of
various specific new technological innovations.
Specific objectives for this particular study were
developed. The objectives were to determine the
rate of adoption and prospects for further adaption
of new soil and crop technology in Northeast Missouri; to estimate changes in yields, output, costs
and returns that would result from adoption by .individual farmers of specified levels of new tech-

nology; and to develop methods of aggregating results based on sample farms into projections of
overall effects on supplies of farm products and on
farm input requirements.
The various methods of obtaining the data
necessary to accomplish the stated objectives were
next explored. It was obvious that secondary and
available primary data would be valuable in the
project but would be far from adequate to attain
the stated objectives. It was concluded that a survey
of farmers in the area was necessary in order to obtain required data.
A survey schedule -was developed, pretested,
and a survey conducted using a representative sample of farms in the area. A total of 243 completed
questionnaires were obtained. The analysis of data
pertinent to the various aspects of this study is ·currently .in progress.

PROJECT 381:

ldentific~tion and Analysis of Problems of Location and of

Structural Change in Livestock Markets
C. L. Cramer
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Progress Report:

Work during the year has included the accumulation and analysis of secondary data which will
serve as background information with respect to
hog production and marketing in 33 Northeast
Missouri Counties.
Mail survey questionnaires designed to obtain
data on some characteristics of hog operations and
hog marketing patterns were mailed to 4,999 hog
producers in 33 Northeast Missouri Counties. Mailing lists were obtained from County Extension
Agents in the respective counties. A second mailing
was made to those producers not responding to the
first mailing. Those questionnaires returned are

being coded and edited preparatory for their transfer to punch cards for tabulation and analysis on a
county basis as well as in the aggregate.
A tentative draft of a questionnaire to be used
in interviewing a selected sample of hog producers
in the 33 Northeast Missouri Counties has been
prepared. The questionnaire is designed to obtain
information which will reveal changes in production and marketing practices during the past five
years and will project changes for the next five
years, with the objective of isolating causes of
change in a part of the livestock market structure.

PROJECT 382:

The Relation of Egg Quality to Consumer Acceptability of Eggs
L. A. Voss, Q. D. Banks
Objectives:

A. To establish the groupings and group limits
established by consumers for criteria they
consider in evaluating the interior and exterior quality of eggs.
B. To relate the groupings and group limits to
the present consumer grades of eggs and
suggest possible ways of revision of current consumer grades to better reflect criteria consumers use in evaluating eggs,
with the goal of improving acceptability
for eggs.
C. To relate present objective methods for determining egg quality to consumer acceptability and develop added objective standards for criteria used by consumers in evaluating eggs.
E. To determine the acceptability of eggs as
effected by buyer attitudes and motivations
and its economic implications.
Results:

A pretest was conducted in Columbia with
fifty-two families to determine acceptance and tolerance of definite variations in albumen quality and
yolk color within and between cartons of eggs. The
families were given a dozen eggs each week for
eight weeks. The independent variables were A and
B albumen quality, light and medium colored yolks.
The families were divided into four groups. A different combination of the two variables was given
to each of the four groups each week. The same

combination of variables was given each family for
the first two weeks and for the final week. It was
determined from the analysis of data that there was
no significant difference in the ratings of the like
dozens given each group the first, second and final
weeks. The ratings were not influenced by the order
of use of dozens of eggs.
The final experiment design was simplified
based on the results of the pretest. Since the orientation period for rating procedures did not seem
necessary, the repetition of like dozens the first two
weeks was eliminated. The repetition of the same
kind of eggs the final week as the first week was
also eliminated since the ratings in the pretest showed no significant differences. This reduced the dozens
used from eight to six with corresponding economies.
The same kind of eggs were given all respondents the same week eliminating some possibilities
for error in distribution.
The field work on consumer preference and
tolerance for variability in cartoned dozen lots of
eggs was completed in May, 1959. A random sample
of 200 St. Louis housewives received a dozen eggs
each week for six weeks. Respondents rated each
dozen eggs; stated likes and dislikes, use, preparation, and comparison with eggs from other sources.
The six dozen eggs with two controlled variables,
albumen and yolk color was varied independently
between and within dozens of eggs. The six dozen
eggs, of large size, were A albumen q~ality, light
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colored yolk, A albumen medium yolk, B albumen
light yolk, B albumen medium yolk, A albumen
half light and half medium yolks, and half A albumen and half B albumen medium yolks. A beginning and closing interview was completed.
The data have been coded and will be placed
,
on punch cards soon.
Analysis of data should yield information relat-
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ing to commonly accepted belief in the poultry in. dustry that uniformity within and between dozen
cartons of eggs is a critical factor in consumer acceptability.
These results of this experiment may be a basis
for evaluating the adequacy of variability permitted
within present grade standards as well as give information on consumer acceptance of eggs.

383-384:

Improving the Objective Identification of Market Value of Hogs
E. R. Kiehl, V. J. Rhodes, J. Matthews, R. C. Maxon,
H. D. Naumann, W. C. Moody, S. E. Zobrisky, W. D. Eichoff
Conclusions:
1. Slaughter at live weights as light as 125

pounds does not present any palatability
problems as judged by this sample of American Consumers.
2. Cuts from 165 pound carcasses might be more
readily accepted than from 12 5 pound car-
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casses because the former differ less in size
from conventional cuts. However, acceptance
of size as such cannot be accurately determined
except by merchandising experiments.

385-386-387:

Economics and Technologica l Problems in Marketing Pork and Beef
V.

J. Rhodes, R.

C. Maxon, H. V. Leach, W. S. Colborn

Progress Report:

Fabrication techniques, cutting yields, and consumer acceptance of muscle groups identified according to cooking methods were studied on U.S.
Good beef carcasses in the Meats Laboratory. Boneless fabrication yielded steak cuts from portions of
the carcass not normally used for steaks. The study
suggests that many muscle groups can be put to
alternate cooking uses in comparison to the cooking use normally made of the muscle groups. The
boneless fabrication did not reduce the yield of edible tissue and increased the utility of some cuts.
In an effort to increase utilization by institutions of less used cuts of beef, Animal Husbandry
personnel separated out promising groups of muscles, in the shoulder clod and the shoulder roll,
from U.S. Good Grade chucks. Methods of cooking
these cuts, which formerly were considered suitable
for braising only, by dry heat were explored by the
Home Economics staff members. Further work has
concentrated on a method of pre-roasting and broiling which ,a ppears to give uniform servings that
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have characteristics of steak or roast. The most desirable internal temperatures, oven temperatures,
yield, uniformity of servings, preparation time and
cooking losses are being established for the preroast.
Various internal temperatures of pre-roast have
ranged from 150° F to 120° F at 50 ° intervals. We
are not certain the optimum of internal temperature
for pre-roasting has been determined. Pre-roasted
slice browned better in three minutes in a commercial broiler than in five minutes in a broiler of a
household type range.
The judges preferred the tenderness of the preroasted slice as compared to slices that were broiled
from the raw state.
The time of preparation at serving time is
shortened approximately 66 to 75 percent by using
pre-roasted slices as compared to raw steaks.
From a sample of one hundred twenty-five sales
checks from one· restaurant for one day it was found
that over fifty percent of the sales were coffee, or

coffee and some pastry. Thirty percent of the sales
were meat dishes. Of the total meat sold, sixty-four
percent was beef, seventeen percent was pork, fourteen percent was a combination of beef and pork,
and six percent was turkey. This sample covered the
time period beginning at breakfast and going
through lunch. Another sample taken during the
lunch period showed that seventy-five percent of
the sales were meat dishes and that fifty-four percent of the total were beef sales, while twenty-five
percent of the total sales were pork.
On the basis of personal interviews with managers it appears that most managers: expect to increase their sales each year, are more concerned
about the problem of increasing labor costs than
about high meat cost, prefer to pay a higher price
for and to serve U.S. Choice grade beef rather than
take the chance of customers being dissatisfied with
U.S. Good. It seems that the managers feel secure by

serving U.S. Choice. They imply to the customer
that they serve the very best meat that money can
buy.
There is indication that the institutions rely on
one or two meat suppliers. It seems that often the
manager is not concerned about meat price. His primary concern is to vary the menu within the limits
of his concepts and still satisfy customers. There
rna y well be a limit to the innovations of menu
change that the managers will consider.
Quite often the restaurant which caters to working people has a captive customer. The customer
must eat and be back on the job within an hour.
Thus, convenience and service are important commodities to sell. The manager of such a restaurant
will likely not be as concerned about customer reaction to menu changes as the manager of a restaurant that caters to shoppers.

PROJ ~CT 389:

The Effect of Climate Upon Resource Use and Enterprise
Combination on Missouri Farms
Objectives:

J.

P. Doll, R. L. Ewalt

A. To determine, for each major farm enterprise, the managerial decisions that have to
be made, and to determine the type and
form of meteorological data needed to improve the accuracy of these decisions.
B. To determine indices of climatological
events that are related to soil water reserve
and crop yield response and to correlate
these indices to crop yields that occur in a
given year and over a period of years.

Results:
This study was initiated July 1, 1959; therefore
detailed empirical results are not yet available. Under Objective A, a detailed listing was made of
many of the managerial decisions facing farmers

growing corn, soybeans, or wheat in Central Missouri. One of these management decisions, centered
around grain drying, has been selected for further
analysis. The method of analysis to be used is described in a manuscript prepared for presentation
to the American Meteorological Society (see 5).
Under Objective B, a study is now underway
to determine an appropriate climatological index to
be used as a measure of rainfall as an economic input. This phase has thus far consisted of literature
review and a study of secondary data. An analysis
now underway utilizes long time yield records from
Sanborn Field and weather records from the Weather
Bureau. The object is to correlate year to year variations in yields with the climatological index.

PROJ ~CT 390:

Family Farm Adjustments to Meet the Impact of Economic
Technologica l and Sociological Changes
Frank Miller, A. R. Hagan, Clarence K.lingner, Herbert Lionberger
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Progress Report:
Since the primary purpose of the project is to
study adjustments made by farm families in the use
of resources, the advisory committee and project
leader decided to use 1959 as a base year from which
to measure adjustments. In order to obtain a thorough picture of the material and human resources
available during 1959 and the current use of them,
the following procedures were chosen for collecting
bench-mark data:
1. Personal Interviews: Plans were made to interview all farm families in the area soon after the
end of 1959 to get complete data on resources available and current use. Aerial photograph enlargements, for the entire area were purchased through
the ASC. These photos, taken in October 1958, will
be used in interviews to identify all tracts of land in
the area from the standpoint of both farm ownership
and operation and to ai<;l in getting accurate data on
land use and soils and crop management practices
for the base year.
Two consecutive interviews are planned with
each family in the area to get much of the basic
data needed for objectives A, B and C. The first is
designed to get factual data on 1959 use of all resources and trend data on some items for 1953 and
1939. The nature of the information to be collected
is indicated in the enclosed copy of the preliminary
survey schedule. The second interview will be of a
"probing" nature to get opinions and attitudes on

major adjustment problems confronting each family
and factors affecting decisions on these adjustments.
Survey schedules are not completed for these interviews.
2. Soil Survey: A complete soil survey was planned for the two-township area to get an up-to-date
picture of land resources. Field mapping was completed during the fall months under the direction of
Clarence Scrivner of the Soils Department. He was
assisted by Richard Fenwick and Jim Baker. Some
further field work in collecting deep sub-soil samples for each soil type will be completed as soon as
weather permits. A printed soil survey report should
be available by July or August 1960 and will be
used with other data in analyzing resource use in
the area.
3. Run-off Data: A 200-acre watershed at the
head waters of Burge Creek was chosen as the site
for a special long-time study on the effects of land
use and water control structures on water run-off
and soil erosion losses. In cooperation with Mr.
Harry C. Bolon of the U. S. Geological Survey District Office, Rolla, Missouri, measuring equipment
was installed in early October of 1959. This included automatic rain gages and continuous recording
equipment for water run-off. If arrangements can
be completed, provisions for measuring silt losses
will be installed early in 1960.

PROJECT 391:

The Generation of Farmer Attitudes Toward
Government Farm Programs
J.

G. West

Progress Report:
Preliminary work has been done on developing
the methodological procedures to be used. Data has
been collected on participation in government programs and other information has been obtained on
areas of the state which will be useful in selecting
homogenous areas for further study.

Work has begun on a pilot study to develop
techniques to be used in the major aspects of the
study. Attention is being given to developing the
investigation in such a way that the relationships
between farmer attitudes and adjustments in marketing firms can be studied and conclusions obtained.

PROJECT 392:

The Impact of Changing Markets Structures on the Fruit
and Vegetable Industry of Missouri
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J.

C. Grady

Progress Report:

The work done to date has been with secondary
data. The number of marketing agencies, producers,
and carlot unloads of fruits and vegetables at Kansas
City and St. Louis have been tabulated. Most of the
work this year will be with secondary data because

of the need for and availability of such data before
making any personal interviews. If the regional
project, of which this is a contributing project, is
activated for the coming year a regional questionnaire will be utilized for a majority of the personal
interview work.

PROJECT 393:

The Analysis of Factors Contributing to Successful
Management of Local Agricultural Firms
V.

J.

Rhodes,

J.

N. Smith

Progress Report:

The study is in its initial year. A rather comprehensive review of possible techniques that might be
used in measurement and evaluation of management
functions performed by the membership, board of
directors, and hired managers :was undertaken. The
management function has been separated into three
broad categories for convenience in observing the

functions of the Board of Directors, Manager and
the management role of the membership. An interview type schedule has been prepared and will be
used in interviewing the three groups performing
management functions in twenty-five selected local
cooperatives. It is planned to conduct the field work
in late May and early June, 1960.

AGRICULTURAL ENGINEERING
M. M. Jones, Chairman

PROJECT 43:

Terracing
Charles Cromwell, R. P. Beasley, John Laflen, Ernest Smerdon
Objectives

To improve the design of terraces and terrace
systems so that terraces will offer a minimum of interference with farming operations and still effectively control erosion; and to improve the design of
water management structures.
Description of Work:

With larger farm machines being used, it is
desirable to reduce the curvature of terraces and to
make them as nearly parallel as possible, ·so as toreduce to a minimum the interference of terraces with

farming operations. In order to reduce the curvature
of t.erraces and to secure better alignment, it is necessary to vary the grade in different terraces and in
sections of the same terrace. The permissible variation in grade will vary with different soils. Eleven
different soils were tested in a hydraulic flume to
determine the tractive force at which these soils
were eroded. Work is continuing on relating the results of these tests to the maximum grades that can
be used in terraces on different soils.
With better soil management practices, which
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are more effective in reducing erosion, and because
of the difficulty of operating larger farm machines
on closely spaced terraces, and because it is desirable
to have an even number of crop rows between sections of parallel terraces, a revised terrace spacing

formula has been developed.
New types of erosion control structures which
afe less expensive than previous types have been
developed to the point that they can be recommended for general use.

PROJECT 136:

Environmental Requirements for Farm Animal Shelters
M.D. Shanklin, R. E. Stewart, R. G. Yeck,
Ivan Berry, J. C. Wooley, B. F. Cargill

Objectives
To determine relations between heat and moisture dissipation of cattle and the various environmental factors; to evaluate use of environmental control in animal shelters under field conditions; to
study the basic heat dissipation mechanisms of young
animals by means of partitional calorimetry; and to
experiment with radiation cooling of dairy cattle
under laboratory conditions.

Description of work
Moisture production of Holstein dairy cows
housed in typical stanchion barns was studied in the
two controlled climate rooms of the Climatic Laboratory. Six lactating cows were held in each room.
The environmental conditions included periods at
65 o F- 50 percent Relative Humidity ( R. H) as a
control base, compared to reactions at 80° F -30
percent R.H., 80° F-50 percent R.H., 80° F-80
percent R.H., 90° F-20 percent R.H., 90° F-40
percent R.H., and 90° F-50 percent R.H. The animals were held two weeks at each environmental
condition. The results showed that relative humidity,
with temperature held constant, has a marked effect
on the heat and moisture given off by the animals.
At a given air temperature, such as 80° or 90° F, increasing relative humidity is associated with decreasing heat and moisture dissipation. The results have
application to the design and operation of ventilation and air-conditioning systems in confinement
housing of dairy cows.
Concurrently with the above work done with
groups of 6 stabled cows, the individual animal
vaporization rates were measured. A special apparatus, called "vaporization tent", was used for
making such measurements. The tent, a plastic enclosure, could contain 1 cow. The tent was ventilated by a known amount of air flow and the change
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in moisture content between entering and leaving
air was measured. Used within the test room of the
laboratory, no environmental changes were imposed
on the cow ):)y this means of moisture vaporization
measurement. Each of the Holstein cows under test
had their vaporization rates measured at least once
during a given two-week test period. At 65° F and
50 percent R.H. the average rate was 0. 75 pounds of
water vapor per hour per 1000-lb. cow. The rates
increased with increasing air temperature but decreased with increasing relative humidity at a given
temperature.
A 120-ft. by 30-ft. structure was erected during
the year which will permit field tests of the radiation cooling principle for cattle. In theory, the physiological stresses caused by high summer temperature can be reduced by exposure of the animals to
surfaces at lower temperature than the air. Use of a
typical open-front shelter without insulation is indicated because the animal heat loss to the cold surface is primarily through radiation; reduced cost in
promoting summer comfort and prevention of production loss can thereby be obtained. The structure
is nearing completion, and no tests have as yet been
made.
Aided by a grant from the National Science
Foundation, construction of a new partitional calorimeter was commenced. The equipment allows rapid
and continuous automatic recording of heat dissipated from a small animal, with the heat separated
or partitioned into (a) the radiation fraction, (b)
the convection fraction, and (c) the evaporative
fraction. Such equipment will allow study of transient thermal phenomena in a way hitherto unavailable. The critical temperature control mechanism
part of the calorimeter has been installed and tested.

PROJECT 138:

Forage Harvesting, Handling, Storage and Feeding
D. B. Brooker, C. L. Day, J. S. McKibben
M. M. Jones, D. L. Pfost, T. 0. Hodges
Objectives

To study the stresses impossed on the walls of
horizontal silos during the filling operation and
subsequent storage period. To obtain data concerning the various elements of mechanical hay and silage harvesting, processing, feeding systems. To investigate the use of plastic film for the packaging of
farm crops.
Description of Work

The research work in connection with stresses
on the walls of horizontal silos completed prior to
this year was analyzed. Figures have been drawn
and script begun to prepare a bulletin publishing
the results of a two year study concerned with the
stresses on horizontal silo walls when the silo is
filled with chopped corn silage.
An apparatus was constructed and tests conducted to study factors involved when air is forced
through a mass of hay. The effect of hay moisture,
shape (long, chopped, stems alone, leaves alone)
and amount of packing on air flow were studied.
The information so obtained is used to verify a
theoretical equation that has been developed.

Arrangements were made to conduct "on-thefarm" tests of a combination hay storage, conditioning, and feeding structure originated under this project. The "heart" of this system, the distributor that
places the chopped hay in the storage structure, has
been refined and one such unit has been installed on
a livestock farm. Another unit has been completed
but has not yet been installed.
A machine was constructed to compress hay into small, self-contained, high density packages.
Basically the machine is a stationary tapered screw
enclosed by a revolving octagonal core. Extremely
high forces were set up in the machine causing machine parts to fail. T~is particular machine is not
considered practical.
Equipment and facilities were prepared to investigate the packaging aq.d handling of high moisture crops in plastic film containers. A special trailer
was constructed to carry a plywood form for supporting plastic film bags while they are filled directly from a field forage harvester. An area, 50 ft.
by 50 ft., was fenced off as a· rodent proof storage
area for the filled bags. Pallets were constructed to
enable handling the bags with a tractor fork lift.

PROJECT 153:

Equipment and Procedures for Control of Weeds and Brush
C. L. Day, T. 0. Hodg~

.Objectives

Develop systems and equipment for the control
of weeds in field c:;rops. Design, develop and test
equipment for weed and brush control on agricultural lands, rights-of-way, and commercial areas.
Description of Work

When weeds are allowed to compete with crops,
yields are .reduced. In a good crop season, for example, a weed-free crop of soybean,s can be expected
, to yield twice as many .beans as one which is heavily
invested with weeds. In a dry .seaso:n,. the weed-free
soybean crop might y~eld several times as much.
In 1959, field trials were made. to determine the
effectiveness of ten different methods. of weed con-

trol involving various combinations of chemical
treatments and mechanical cultivation. Plots treated
with Sodium PCP at a rate of 20 lb/ A at planting
time and cultivated twice were essentially weed free ·
and this treatment resulted in the best soybean yield
(22.62 bu/ A). Plots which were cultivated twice
without the pre-emergence chemical treatment yield. ed 16.65 bu/A while the check plots which received
no weed control treatment yielded only 3.06 bu/A.
Field trials were conducted in 1959 to check methods of weed control in corn. From the standpoint
of weed control, plots receiving a pre-emergence
treatment of granular 2,4-D and a post-emergence
treatment of liquid 2,4-D were significantly better
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plots receiving the other two treatments.
Fence-row plots treated with soil sterilants in
June, 1958, were observed in 1959 to determine
residual effects of the treatments. Three chemicals
resulted in good residual control. These were Urox,
Ureabor, and Monuron. Plots treated with Erbon
showed little residual control.

than plots receiving mechanical cultivation and no
chemical treatment. The corn yields, however, were
not significantly different. The third weed control
treatment consisted of a pre-emergence treatment of
granular 2,4-D plus mechanical cultivation. Neither
corn yields nor weed control on plots receiving this
treatment were significantly different from those on

PRQJ(:CT 155:

Farm 1-/ome Utilities
M . M. Jones, T. 0. Hodges, R. B. Curry

Objectives
The results of the year's work indicate that a
slow sand filter and chlorinating system of the type
developed and tested is satisfactory for treating pond
water, and should satisfactorily supply the needs of
rural families where it is not feasible to obtain good
well water.
A properly constructed and maintained slow
sand filter will provide clear water, usually of less
than 5 turbidity units where the turbidity of the
pond water is not more than 30 units. Filters alone,
cannot be depended upon to insure safe water from
the bacteriological standpoint, however, and some
method of chlorinating is therefore needed.

To develop and improve methods of collecting,
filtering and treating pond water for household use.

Description of Work
Samples of water were collected periodically
from two pond water treating systems near Columbia over the year, and observations were made on
a few others. The systems were built according to
plans developed on this project in consultation with
the Missouri State Division of Health. The samples
which were taken before and after filtering and treating, were analyzed for bacteria, turbidity, chlorides,
and chlorine residual.

PROJ (:CT 225:

Grain Drying
D. B. Brooker, A.

J.

Ohrenberg

Objectives
To make a comprehensive analysis of Missouri
weather data that are pertinent to crop drying. To
study the operational characteristics of supplemental
heat drying systems that dry farm crops in storage.

Description of Work
Air is forced through grain in "in-storage" drying systems to remove moisture from the grain. As
moisture is removed the air is cooled. The capacity
the air has to carry off moisture from grain of a
given moisture content can be calculated when the
wet and dry-bulb temperatures of the air are known.
Also, the temperature to which the air w111 cool can
also be calculated. This temperature can be considered to be the same as the temperature of the
grain where the air leaves the grain.
A method has been devised whereby IBM cards
carrying weather data can be used in connection with
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. an electronic computer to carry out the calculations.
Calculations were carried out for the period
September 1 through September 30 for the years
1938 to 1958 inclusive for Columbia, Missouri. IBM
cards carrying weather data for each hour of Sep·
tember for the 21 year period were used. Frequency
distributions of the data have been prepared. Six
levels of grain moisture were considered. In addi·
tion, 3 levels of initial air conditions were con·
sidered: (a) natural air (data on the IBM cards), (b)
air temperature increased 15 ° F, and (c) air tempera·
ture increased 25 ° F.
Five laboratory-sized drying bins have been
constructed and instrumented in order that a study
of supplemental heat grain drying systems can be
made. A preliminary test has been conducted to
check instrumentation and procedures. Shelled com
at 17.5 percent moisture was dried in this prelimi·
nary test.

PROJECT 227:

l-lydrolog y of

Small

Watershed s

R. P. Beasley, R. B. Curry

Objectives
To determine the amount of runoff into and
evaporation and seepage from reservoirs; and to
study the factors which affect the movement of
water in soils.

Description of Work
Measurements of the runoff into and the evaporation and seepage from the reservoirs at McCredie
that have been made since 1941 are being summarized. This information will be valuable in determining the proper relationship of drainage area and size
of pound in the design of future reservoirs.
Knowledge of the fundamental relationships
involved in the flow of colloidal suspensions through

a porous media is important to provide a solution
for various problems in the field of water resources
such as reducing seepage from reservoirs and canals
and design of water filtration systems. A study is
being conducted using suspensions of bentonite
clay and porous media consisting of uniformly-sized
carborundum particles to determine: (a) What effect
does hydraulic head have on the B.ow of a colloidal
suspension in a porous media. (b) What effect does
the concentration of a colloidal suspension have on
the B.ow of the suspension in porous media and (c)
What is the relation between the zeta potential of
the porous media and the sealing effect of the colloidal suspension.

PROJECT 271:

Cotton Water Managem ent
Objectives

C. F. Cromwell, R. P. Beasley

To study the problems of obtaining a suitable
water supply and to study different methods of applying irrigation water to cotton, with a view to development of improved methods. Also, to study
problems relating to drainage of land for cotton production.

Description of Work
Work done to date indicates a readily available
supply of irrigation water in Southeast Missouri at
comparatively shallow depths. There is need for
low-cost methods of developing wells which are
economically feasible for the intermittent and often
somewhat limited need for irrigation water in a
given season. Observations have been made on wells
of different types in the area, and some cooperative
work has been started with a local machine shop to
adapt low-cost propeller-type pumps to wells of the
area.
Irrigation tests on Litonia sand loam at Malden,
Missouri, gave significant yield increases to first
picking in 1959. Total yields showed no significant
differences which may indicate that a shortage of
nitrogen developed on irrigated plots due to the
leaching action of the irrigation water.

Irrigation at 50 percent of available moisture in
the upper 24 inches of the soil profile as shown by
tensiometers resulted in a yield significantly greater
than that obtained when the cotton was allowed to
wilt before irrigating.
Irrigation tests at Bragg City, Missouri, on
Sharkey clay soil have shown significant yield increases when an adapted, short-season variety of
cotton, Rex, was used. A medium-to-lo ng season
variety, Delfos, showed symptoms of delayed maturity when irrigated.
Plots which had been graded to a grade of .2
foot per 100 feet prior to 1958, could be worked 10
days to two weeks earlier than plots with no grade.
In 1959 the mean of the yields of all plots in the
irrigation test planted on the~ graded plots was
2478 pounds of seed cotton while the mean of all
plots in a pounding test conducted on essentially
fiat plot was 929 pounds.
The pounding tests were conducted on Sharkey
clay, to determine the effect of lack of drainage at
various stages of growth. Results have not been
statistically significant.
However, pounding on the younger plants (4-6
leaf stage) decreased yields, while late season pounding increased yields.
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PROJECT 272:

Corn Production with Emphasis on Tillage Methods
M. M. Jones, J. S. McKibben, C. L. Day

Objectives
To evaluate some of the more promising minimum tillage methods by testing along side conventional tillage. To develop new equipment and methods for minimum tillage.

Description of Work
Replicated plot studies have been used to compare strip-till, (the new tillage technique under development) wheel track planting and conventional
planting methods. The tillage methods were compared on the basis of germination, early growth of
the corn plants, weed growth, weed yields and com
yields. The results did not indicate that any tillage
method was significant! y better than the others in
any of the areas of comparison. Results with strip

tilling during the 1958 season indicated that it would
be quite desirable to have the tilled strips level with
the surrounding field surface. A unit that will till
a strip by moving the surface dry soil and trash to
the sides of the tilled strip while collecting the
trash-free moist soil from deeper down to the center of the strip has been developed. Some testing of
this unit has been done and it sheds trash well and
prepares a good seedbed. The unit tills a strip 22
inches wide and strips ·may be spaced for the planting of row crops. The untilled strips between the
rows are tilled later as a first cultivation by using
the same strip-till unit. Forty-five percent of the
time required to produce corn in the conventional
mann~r was saved by the strip-till method used.

PROJECT 282-2:

Utilization of Electricity on Missouri ·Farms
K. L. McFate, M. M. Jones

Objectives
To study the costs and benefits of using electricity on Missouri farms, to develop new uses and
to adapt existing equipment to new uses in the productive farm enterprises for the increased beneficial
use of electricity in agriculture, the ultimate objective being improved economic conditions and living
-standards of farm families.

Description of Work
This research work is of an applied nature and
is, for the most part, conducted on privately owned
farms with assistance from local extension agents,
electrification advisors and other agricultural leaders.
Investigations of electric heating cable installed
in concrete floors for brooding pigs showed that
. operating costs varied from $0.36 to $2.62 per litter
in one house and from $0.98 to $1.80 per litter in
the second house with average room temperatures
varying from 60° F to 79° F. In the latter house,
heat was provided on one side of sow only. The
method of cable installation, indoor temperature,
length of brooding period, installed capacity per
pen and thermostat adjustment, all had an affect upon the brooding costs. The average cost for all
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brooding tests for all seasons was $1.65 per litter,
based on a $0.02 per kilowatt-hour energy charge.
In houses where heat was provided on one side
only, herdsmen observed that pigs were found on
the "cold" side about 40 to 50 percent of the time.
Thus, it is recommended that when cable heat is
used, it be placed on both sides of the sows and
that 30 watts per square foot of heated floor area be
used. (Specific data are available in Farm Electrifica. tion Leaflet No. 7-R).
In a case study of grinding, mixing and handling feed on a dairy farm, the operator eliminated
carrying 238 tons of feed, 58 miles of walking and
117 man hours by replacing tractor-driven grinding
equipment and hand methods of feed mixing with
a low-capacity automatic electric feed mixer-grinder
and three small auger conveyors. Additional savings were made in the milking parlor when a fourth
screw conveyor was used to move feed directly to
feed box, rather than move it with the old "wheelbarrow-bucket" method. Feed processing costs were
reduced to 1/3 that of the old system. If a charge of
$1.00 per hour for labor is assumed, the operator
could have justified an expenditure equal to approxi-

roately three times that amount actually invested.
A study of the costs and advantages of growing
young oat plants under controlled light, moisture,
temperature and ventilation on a St. Louis county
farm showed no advantage in feeding this material
to either fattening steers or to young turkeys, even
when the extra labor in handling this material was
not considered. Comparisons were made with control and test groups under similar conditions in each
of the two studies.
The cost of operating a two-fan system of venti-

lation in a well-insulated 14-pen farrowing house
from November 3, 1958 to March 1, 1959 was $5.50.
When a third fan (rated at 7000 cfro and driven by
a 113 h.p. motor) was added for summer time air
movement, the cost of operating all fans from March
1 to September 1, 1959 was $17.66. An average of
12 sows was housed during the test periods and
electricity was $0.02 per kilowatt-hour. (Other data
on farrowing house ventilation appear in Farm Electrification Leaflet No. 10).

PROJECT 395:

Distribution, Application and Use of Water
R. B. Curry,). F. Thornton, W. L. Decker, V. C. Jamison
Objectives
To develop design criteria for surface irrigation,
to investigate the practicability of surface irrigation
of terraced land, and to determine the rate of moisture use by different crops under various levels of
soil moisture, and the amounts of moisture removed
by crops from various zones of the soil profile.
Description of Work

A field study on irrigating terraced land was
made at McCredie. The terraces were parallel on a
land slope of 3 percent. V-shaped, W-shaped, and
flat-bottom irrigation furrows were used. It was difficult to hold the water in theW-shaped furrows on
sloping land, but the V-shaped and the flat-bottom
furrows were satisfactory. This year's study indicates
that terraced land can .b e furrow irrigated, but that
if irrigation is contemplated this should be taken into consideration in planning the terrace system. In
roost cases, some land grading will be needed between terraces.
A laboratory study was started to investigate
the various shapes, grades, and degrees of roughness

of furrows for distributing irrigation water. This
investigation is to determine the effect of rate of application, intake rate, shape, slope and roughness of
furrows on the hydraulics of flow in the furrows.
Another model study has been started to determine the effect of furrow shape on the intake rate of
water and the movement of water below the furrow in different soil types.
Soil moisture measurements were taken in a
plot of corn, using a netron soil moisture probe and
electronic scaler at 6-inch intervals to a depth of 5
feet. From this data and the amount of rainfall and
water applied, the daily use rates were computed
from June 22 to September 18. During this period
average moisture use rate was 0.18 inches per day,
with a peak rate of 0.32 inches per day occurring
between July 13 and 15. The total used during the
period was 13.06 inches, with 73.00 percent of the
total coming from the top foot of soil, 84.98 percent from the top two feet, and only 4.35 percent
coming from a depth of between four and five feet.

ANIMAL HUSBANDRY
Albert). Dyer, Department Chairman

PROJI:CT 3:

Breeding Principles for l-log Improvement
39

J.

F. Lasley, A.

J.

Dyer, L. F. Tribble, K. 0. Zollener, B. N. Day

Objectives:
A. To study the effectiveness of mass selection
for thinner backfat in swine.
B. To gain further information on the genetic
correlations between traits and possible
genetic X environmental interactions affecting them.
C. To determine if certain physiological changes
occur in swine when selection is practiced
for thinness of backfat.

Progress Report:
The first litters of pigs were farrowed in February and March 1959. Inbred Poland sows and gilts
from the Missouri Swine Breeding herd were selected as the foundation stock for the project. The
same sows were used to produce litters for the

Spring and Fall lines.
The inbred sows were mated to four outbred,
unrelated Poland boars. These boars were selected
from purebred Poland herds and an attempt was
made to secure individuals that conformed to the
modern type and conformation. Two of the boars
obtained were grandsons of Certified Meat Sires in
the Poland breed. One boar was from a certified litter and his sire qualified as a certified meat sire. The
fourth boar was the fourth place Senior Spring Boar
at the 1958 Missouri State Fair.
The pigs were weaned when they reached 42
days of age; at which time they were confined on
concrete and fed on a litter basis. (It is impossible
to give detailed results of this study in this condensed report.)

PROJECT 78:

Production of Young Beeves
A. J. Dyer, J.
Objectives:
A. To determine the advantages and disadvantages of September- October dropped
calves compared with December-January
dropped calves when fattening past weaning
to same degree of finish.
B. To discover their production needs-wintering of their dams, "improved pastures," concentrates additives, creep-feeding and other
management practices.
C. To study carcass quality, grades and acceptability.
Progress Report:
Fall calves dropped in September and October
creep-fed until weaned in June and grain-fed in dry
lot for 100 days after weaning, weighed 801 pounds
at 12 months of age. They ate 2.57 bushels of com
in the creep and 25.9 bushels after weaning, a total
of 28.5 bushels. They graded choice and good. The
winter calves were creep-fed for 100 days before
weaning and ate 4.27 bushels of corn during this
period. They were weaned in September and were
grain fed on pasture 99 days and marketed in December at 11 months of age weighing 708 pounds.
They ate 15.3 bushels of corn after weaning or a
total of 19.5 bushels in the two periods. The winter
calves graded good and choice but averaged onethird grade lower than the fall calves.
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E. Comfort

The dams of the fall calves were wintered on a
daily ration of 47 pounds of corn silage and 1 V:z
pounds of soybean meal from December 16 to April
2. They were fed a total of two and a half tons of
corn silage and 108 pounds of soy bean meal. Some
of this silage was consumed by the calves but it
was not possible to keep a separate record as they
were not separated from their dams. The cows with
the winter calves grazed fescue pasture with some
lespedeza and mixed grass until November 28. From
November 28 to April 2 they were fed 1.42 tons of
low grade red dover and alfalfa hay and 108 pounds
of soybean meal and winter pasture. The cows with
fall calves weighed 1092 pounds in April, gaining
110 pounds during the winter. The cows with winter calves weighed 932 pounds in April which was
125 pounds less than in November, before calving.
The fall calves weighing 801 pounds in October
sold for $26.00 per cwt. The winter calves weighing 708 pounds in December, sold for $23.75 per
cwt due to a decline in market price and one-third
lower grade of the calves. In the 1959 test, the fall
calves gave a higher return per cow above all feed
and pasture charges because of 93 pounds more
weight and one-third higher grade than winter
calves. This statement would also apply if you assume no decline in market price from October to
December.

PROJ ~CT I00:

Stability in Cured Meats Using Ascorbic Acid and Other Stabilizers
M. E. Bailey and R. W. Frame
Objectives:
A. To improve the processing procedures for
cutting hams and to establish a practical
method of stabilizing color.
Progress Report:
Nicotinamide, niacin and pyridoxamine were
used in combination with other commonly used additives in stability studies of cured meat myochromes
during irradiation with fluorescent light.
Evidence found indicated that no stable pigments were formed by reacting these pyridine-like
compounds with myoglobin or hemoglobin under
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conditions employed in normal curing procedures.
Data were obtained however, which support the
idea that nicotinamide partially stabilized " curedham" pigments of ham slices exposed to fluorescent
light irradiation, but nicotinic acid did not when
ascorbic acid and other ascorbates were common
pickle additives.
Pigments of slices from hams treated with orthophosphate buffer at pH 6.8 were more stable to
fluorescent light irradiation than those from hams
treated with pH 6.2 orthophosphate buffer.

141:

Protein Nutrition in Hogs
L. F. Tribble, Donald Boenker

Summaries of Results:
1. The addition of 7 percent stabilized animal

grease (fat) results in faster gains of pigs fed
high (19 percent) and medium (16 percent)
levels of protein. Pigs fed a low (13 percent)
protein did not grow faster when fat was
added.
2. The addition of fat to all rations for growing-fattening pigs produced more efficient
gains in terms of feed required per pound of
gain. The gains were 10 to 15 percent more
efficient than those of pigs on the medium
energy and 15 to 2 5 percent more efficient
than those on the low energy.
3. Feed consumption was influenced by energy
level in the ration.
4. Protein levels used in this study had little
effect on rate of gain or feed efficiency.

PROJ~CT

5. Backfat thickness as measured by the live hog
probe technique appeared to be influenced as
much by protein as by energy. Pigs on low
protein had more backfat than those on high
levels of protein, while those fed low energy
tended to have less backfat than pigs receiving more energy.
6. Sixteen percent protein corn-soybean oil meal
ration is superior to a 13 percent protein ration for pigs from 45 to 125 pounds.
7. The addition of the amino acids lysine, methionine, and tryptophan improved the 13 percent protein ration in two out of three trials
to produce gains and feed efficiency comparable to those on the 16 percent ration.
8. Lysine is the limiting amino acid in corn for
pigs from 125 to 200 pounds.

142:

Methods of Sheep Production in Missouri
C. V. Ross , A. ]. Dyer, M. R. Karr

Summaries:
Strong lambs were produced by fifty-one ewes
wintered on pasture until January 10 then on corn

silage in dry lot until going on pasture March 28.
Two protein supplements were compared for ewes
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during the silage feeding phase. Ewes on .35 lb. soybean oil meal per head daily made significantly faster
gains during pregnancy (P = .OS) and gave birth to
heavier lambs, singles significant (P
.OS) than
ewes fed a mixture of ground alfalfa hay and corn.
On the other hand, ewes fed the hay-corn mixture
produced slightly though not significantly heavier
fleeces. All lambs gained well during the suckling
period and there was no significant difference in
weaning weight of lambs on June 27.
One hundred spring lambs were creep fed in
two experiments designed to study palatability of
rations and to determine the value of Aureomycin
to lambs. Lambs preferred mixtures to straight
ground corn. They were partial to rations with the
higher levels of soybean oil meal in them and pelleting apparently caused some rations to be more acceptable. Various sweeteners were incorporated into
creep rations in a second experiment, and it was observed that lambs ate slightly more feed when a
sweet material was added. All lambs were healthy
and made good gains. Thus little effect from an antibiotic could be expected and none was observed.
One hundred ten spring lambs were used in
two experiments to determine the value of 4-tertbutyl -2-chlorophenyl methyl methylphosphoramidate an organic phosphate called Ruelene for worming lambs. Normal commercial phenothiazine was
used as a standard and Ruelene was compared to it.
·During the 56 days the lambs were on experiment
they were drenched initially and again in 28 days,
and worm egg counts were made each two weeks.
Dry weather prevented lambs from making large
gains.

=

Daily gains, which were low due to dry weather, for the phenothiazine and Ruelene treatments
were .073 and .132 respectively. This amounted to
45 percent faster gain for lambs treated with Ruelene. At 56 days worm egg counts per gram of air
dry feces were 3040 and 1344 for lambs on phenothiazine and Ruelene respectively. This was a highly significant difference (P = .01).
In another similar experiment Texas spring
lambs were drenched with phenothiazine versus
Ruelene and fattened in dry lot. Lambs drenched
with Ruelene made a much faster start on feed and
retained the advantage. They also had fewer worm
eggs in feces than those treated with phenothiazine.
Forty-eight purebred Hampshire and Shropshire lambs were divided into outcome groups and
assigned to two treatments at random to determine
the effect of adding dicalcium phosphate to a phenothiazine salt mixture for lambs on pasture. Lambs
on the mixture of 1 part phenothiazine dicalcium
phosphate 3 parts, and 6 parts salt ate more mineral,
made slightly faster gain, and graded somewhat
higher, but none of the differences were significant.
Neither of the two mixtures were adequate to
control stomach worms, and lambs required drenching in addition. At the end of 62 days the two lots
were subdivided into two groups. One group from
each lot was drenched with 2 oz. of 40 percent
phenothiazine and the other group received Ruelene,
an organic phosphate, at the rate of 100 mgm per
100 lbs. body weight administered as a drench.
Lambs drenched with Ruelene made faster gains and
had lower egg counts than those treated with phenothiazine.

PROJECT 168:

Factors Affecting Ruminant Digestion
W. H. Pfander, R. L. Preston, G . E. Thompson, W. A. Hargus
Progress Report: .
Thirty-six western lambs averaging 53 pounds
were divided into nine lots on the basis of body
weight, sex, and their previous 24-day weight gain
on a low protein-low cellulose ration. These lots
were randomly assigned to one of the rations of the
following cellUlose and crude protein content.
Variable cellulose levels were attained by varying the percentage of corn cobs and ground corn in
the ration. Zein was added to obtain a constant
amount of corn protein. Purified soybean proteiD.
(Promine) was added to attain the variable levels
of protein. The crude protein of corn cobs was disre-g arded in the calculations as ir-is almost totally
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% CF

13.68

17.12

20.30

%CP________~10~·~9~4______~1~1~.0~6~------~1~1-~3~1
13.58
15.24
20.65
% CP
13.12
13.62
13.Q9 .
% CF
14.37
15.88
20.31
% CP
14.69
15.81
15.38
% CF

undigestible. The remainder .of each ration consisted
of 5 percent blackstrap molasses, 2 percent vegetable
oil, 0.05 percent antibiotic supplement, 1 percent
dicalcium phosphate, 0.5 percent salt, O.H) percent
vitamin A & D supplement and itoh, copper and
cobalt.

These lambs were individually fed twice daily
their respective rations free choice for 96 days, after
which time a digestion study was conducted for 14

days. The level of feeding during the 7-day preliminary period and 7-day collection period was 90 percent of the previous week's consumption.

PROJECT 198:

Improvement of Beef Cattle Through Breeding
A.J. Dyer,). E. Comfort,). F. Lasley, R. E. Cooper,
B. J. Greinman, A. D. Addleman, John Webster, John Massey
Objectives:

A. To develop more effective methods of selection for improvement of performance in beef
cattle.
B. To develop more accurate and useful measurements of performance in beef cattle.
C. To further test techniques of identifying
"dwarf free" and "dwarf carrier" beef cattle.
D. To compare performance of "carrier" and
"non carrier" beef cattle.
General Project Plan:

To compare two different systems of breeding and
selection.
1. One-half of the original foundation females
were placed in an "open" or "control" herd
and are to be bred to two or more carefully

selected bulls from breeders' herds. This plan
is similar to one used by most purebred
breeders.
2. The other half of the original foundation females were placed in a "closed" herd to be
used for testing the effectiveness of intra-herd
selection based on performance under the
same conditions. Two or more bulls, raised
within the herd, giving the better performance records for growth, feed efficiency and
conformation scores, will be used for herd
sires in the "closed" herd.
3. One or preferably two new bull(s) will be
introduced into each herd each year.
4. To study the relationship between hormone
activity and performance in beef cattle.

PROJECT 222:

The Physiology of Reproductive Processes in Farm Animals
J. F. Lasley, B. N. Day
Objectives:

A. To determine the influence of limited feeding on the reproductive efficiency in gilts.
B. To study endocrine factors involved in early
embryonic mortality in swine.
C. To study artificial insemination in swine.
Results:

A. The average number of living embryos present on the 25th day of gestation was essentially the
same in the full-fed. and limited-fed gilts. The average embryonic mortality rate during early pregnancy
was slightly higher in the ·limited-fed gilts than in
the full-fed gilts. As shown in Table ·1', this difference was 6 percent , which is a rather small difference when the variation within each feeding group
is considered. It has been shown rather consistently
in other ·studies· that limited-feeding during early
pregnancy will decrease the early embryonic mor~

tality rate. Therefore, it is felt that the small difference observed in favor of the full-fed gilts in the
present study may be due to sampling variation
rather than a real treatment effect. ·.
B. Studies were made on: 70 gilts and sows to
determine the influence of exogenous hormones on
the early embryonic mortality rate of swine. A hormonal preparation was administered as a subcutaneous implant in the ear at a 'dose level of 100 mg. of
progesterone caproate and 50 meg. of estradiol benzoate per 100 pounds of body weight. All ·implants
were made oil the 11th day of pregnancy and the
gilts and sows were slaughtered on approximately
the 25th ·day of gestation.
A total of 58 gilts and sows furnished data on
the degree of early embryonic mortality. Gilts and
sows receiving the horxnonai ·preparation had an
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average of 10.1 normal pigs per litter when slaughtered as compared to an average litter size of 9.5
pigs for the non-implanted animals. The difference
of 0.6 pig per litter was not statistically significant.
The variability of litter size was considerably less in
the implanted gilts due to a reduced frequency in
the number of litters showing an extreme mortality
rate of 50 percent or greater.
No detrimental side-effects were observed that
appeared to be the result of the hormonal treatment.
C. Twelve gilts were artificially inseminated
with fresh, diluted, boar semen. The inseminations
were made into the body of the uterus. All of the
gilts failed to conceive. Previous laboratory tests

made on the ability of the soybean lecithin extender
to maintain ·motility suggested that the extender was
capable of maintaining the fertilizing capacity of the
spermatozoa for a sufficient period of time to enable
conception to occur. However, previous fertility
tests had not been made on boar semen diluted with
this particular extender. Although there appears to
be no apparent reason why the technique of insemination employed in this experiment would be detrimental to the fertilizing capacity of the spermatozoa, further investigation may reveal that this procedure is detrimental to the fertilizing capacity of
hoar spermatozoa.

PROJECT 237:

Rations For Fattening Cattle
A.

J.

Dyer, J. E. Comfort, G. M. Boswell,
B. J. Greiman, G. B. Thompson

0 bjectives:

A. To determine the effect of additives in some
rations fed cattle being fattened.
B. To determine differences in rate and efficiency of gain and quality of finished carcasses
in cattle fattened in dry lot and on pasture.
C. To determine differences in cattle fed two
levels of protein.
Summaries:

Two experiments are included in this project
report. Experiment 1, "Hexestrol Implant Levels in
Wintering and Fattening Yearling Cattle" The summary includes statements below, 1 through 8. Experiment 2, "Feeding Yearling Steers at Two Protein Levels with Additives," the summary includes
statements below, 9 through 12.
1. Steers implanted at the start of the winter. ~ng and fattening periods and grazed in the intermediate period required 711 steer pasture days
(wheat-lespedeza) and consumed 3,296 pounds less
silage and 145 pounds less soybean oil meal than
steers kept in dry lot and implanted at the three
periods.
2. Hexestrol implants increased gains from 9
percent for 12-milligram implants during wintering to 31 percent for the single 36-milligram implants given at the beginning of the fattening period.
3. Hexestrol implants improved feed efficiency
from 1.4 percent for 12-milligram implants to 20
percent for the single 36-milligram implants during
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the fattening period.
4. The responses of increased gains and improved feed efficiency due to hormone treatment
were greatest in the fattening period with steers not
previously implanted.
5. Implanting steers at the beginning of the
wintering, intermediate, and fattening periods resulted in slightly larger total gains than implanting
only at the fattening period or at both the wintering
and fattening period.
6. Wintering 450 pound steers liberally on com
silage supplemented with soybean oil meal and
minerals produced fleshy feeders that fattened for
market by November 1.
7. The management systems and hormone treatments used resulted in the same selling price per
hundred weight and "U. S. Good" grade carcasses
for all lots .
8. The daily gains, feed required per 100 pounds
gain and dressing percentage, were similar for all
lots.
9. The greatest gains were made during the
first 84 days of the 126 day feeding period.
10. Reducing the digestible protein from 8.5
percent to 6.5 percent during the fattening period
did not improve feed lot performance of carcass
value of yearling cattle above those receiving 7.5
percent digestible protein throughout the fattening
period.
11. Feeding 300 milligrams of Tapazole the
last half of the 126-day fattening period did not sig-

nificantly improve gains, feed efficiency, selling price
or carcass grades.
12. The carcass grades and the selling price

were highest for cattle receiving Tapazole (125·200
mg per head daily) throughout the 126-day feeding
period; however, these differences were small and
not significant.

PROJ(:CT 238:

Effect of Antemortem l-landling During Marketing on
Subsequent Carcass Quality of Beef
H. B. Hedrick

Objective:
To study the effect of ante mortem stress
on subsequent carcass characteristics of lambs.

Results:
Samples of muscle from the flank of thirty-six
lambs were analyzed for total myoglobin. Samples
from an additional twenty-three lambs are at present
being analyzed for total myoglobin and will be completed prior to the end of this fiscal year.
Analysis of the data to date showed no significant correlation between total myoglobin and color
of lamb muscle. However, the color of muscle was
influenced by antemortem stress. Stress causes muscle glycogen depletion resulting in a higher post
mortem pH value and darker color of muscle.

A close relationship existed between color of
muscle and pH values of muscle. It can be concluded
that variation in color of muscle in lamb is influenced more by pre-slaughter treatment than by variation in myoglobin content.
Upon completing the analyses of samples collected, all the research work done on the effect of
pre-slaughter treatment on the subsequent characteristics of lamb muscle will be prepared for publication as a research bulletin and/ or journal paper by
the end of the fiscal year.

PROJ (:CT 248:

The Mineral Nutrition of Ruminants
Progress Report:

W. H. Pfander, M. F. Brink, R. L. Preston,
G. B. Thompson, S. W. Hempton, W. C. Ellis

Potassium requirements: A. The basal ration
formulated in 1958 was used to determine the effect
of the low potassium (0.05 percent) semi-purified
rations. The results are shown below and indicate
that on this rather low intake of potassium in average daily gains and feed efficiency were quite reasonable. The lambs are being continued on the experiment and will be killed and tissues will be analyzed
histologically.
B. A group of 36 wether lambs of Texas origin
have been placed in four lots with two lambs in
each lot fistulated. The treatments are: (1) 0.05 percent potassium, (2) .2 percent potassium, (3) .4 percent potassium and (4) .8 percent potassium. Criteria of adequacy will include gains, feed efficiency,
cellulose digestibility, EKG, and histochemical
studies 9f various tissues.

K Experiment
Date started: 6/20/59
Avg. initial wt., lbs.
37.55
Avg. wt. 11/28/59, lbs.
79.75
ADG, lbs.
0.28
F/G, lbs,
8.38
Sheared 11/3/59
No. Lambs
9
Mortality
1
Ration assayed and contained 0.05% K

Magnesium requirements: The Division of Animal Nutrition at Illinois University is working on
this project as part of NC-25. Since our work was
in the preliminary stages, we decided to stop this
study.
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PROJI:CT 250:

The Effect of Ration Physical Form on Ruminant
Digestion and Feed Utilization
W. H. Pfander, W. C. Ellis, W. A. Hargus,
Rodney Preston, J. E. Haught, G. B. Thompson

Progress Report:
Preliminary results confirmed that whole, rather
than strained rumen fluid, ingesta must be steamed
to obtain a meaningful yield of volatible fatty acids.
Two trials were conducted to determine the magnitude of the in vivo sampling error as expressed in
subsequent volatile fatty acids production rates.
There was no significant difference in volatile fatty

acids production rate if the first sample of each trial
was discarded. The first in vivo sample drawn thereafter was used for gas production to flush the subsequent incubating flask.
Four trials were then conducted to determine
the repeatability of volatile fatty acids production
rates in the same sheep consuming the same ration.

PROJI:CT 251:

The Effect of Nitrate in Feedstuffs on the Performance
of Cattle and Sheep
W. H. Pfander, G. B. Thompson

Objectives:
A. To observe the effect of feeding forages,
grown under conditions which favor high
nitrate accumulation, on the rumen function and general performance of cattle and
sheep.
B. To determine if the effects observed in A
can be duplicated by adding nitrate to the
normal ration of cattle and sheep.

Results:
Silage ensiled in fifty-five gallon barrels covered
with plastic appeared to have gone through a normal silage fermentation process. The experimental
silage resembled basal silage, supplied from trench
silos, in appearance and proximate analysis.
The nitrate content of the silage decreased during the fermentation and storage period. The effect
of the treatments on this decline in nitrate content
is shown graphically in figure 1.
All treatments except molasses had a greater

nitrate content when fed than untreated silage.
These results indicated that all treatments except
molasses had a sparing effect on nitrate reduction.
This graph shows nitrate reduction as a linear process which might not be the case. Since no sampling
was done between packing and feeding, only a
straight-line graph could be drawn.
T~e digestion trials with mature wethers were
carried out over a period of eight months. No symptoms of nitrate toxicity were observed. Some scouring did occur during the feeding of nitrate but not
basal silages. However, this did not affect every
sheep in the digestion trial. Periodic tests for nitrate in the urine (diphenylamine) were all negative.
The primary criteria for evaluating the various
treatments were the effects on nutrient utilization including nitrogen balance and the apparent digestibility of nitrogen, cellulose, and organic matter.

PROJI:CT 257:

The Control of Microbial Development During Meat Processing
R. B. Sleeth
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In a continuation of previous work, twenty
Standard and Utility cattle were injected intramuscularly with oxytetracycline (OTC) at the rate of
0.80 mg. per lb. of body weight thirty minutes to
six hours ante-mortem. Samples of blood, urine and
various tissues were taken at time of slaughter for
bioassay. The concentration of OTC in the tissues
and fluids of these animals was affected by the time
lapse between injection and slaughter.
The right side of each carcass was aged for 48
hours at 86° F., and the left sides were stored
("aged") for 15 days at 36° F. Some of the high
temperature aged sides were sprayed with a combination of 10 or 20 ppm. OTC and 20 ppm. nysta-

tin and others with a combination of twenty ppm.
OTC and twenty ppm. sorbic acid to control surface microbial growth. The mixture containing the
nystatin was more effective in reducing total surface
microflora.
Protection of beef during high temperature
aging did not appear to be a function of the time the
OTC was injected antemortem.
Raw and cooked meat containing low levels of
OTC, when fed over a period of five weeks, did not
appear harmful to rats and no residues of the
antibiotic were found in the blood serum, heart,
kidney or muscle of the rats.

PROJECT 276:

Endocrine Secretions as Related to Growth,
Reproduction and Gene Action
J. F. Lasley, B. N. Day, F. E. Romack
Summaries:
duced a slight increase in the number of circulating
Studies were made on blood samples collected
neutrophils per mm 3 of blood and reduced the numfrom 47 Poland China barrows. The barrows had
ber of lymphocytes and eosinophils.
been assigned previously to one of the following
experimental groups: (I) Control; (II) 6 mg. stilThe average numbers of lymphocytes, neutrobestrol; (Ill) 166.7 mg. progesterone and 3.3 mg.
phils and eosinophils per mm 3 of blood in the iniestradiol benzoate; (IV) 500 mg. progesterone and
tial blood samples were 12,780; 6,361 and 1,325, respectively.
10 mg. estradiol benzoate. All hormones were administered as subcutaneous implants at the base of
The administration of 10 U.S.P. units of ACffi
to 12 growing-finishing swine produced an increase
the ear.
The hormonal implants had no detectable inin the number of circulating leucocytes 6 to 8 hours
fluence on the total number of leucocytes per mm 3
following injection. Differential counts were made
on blood samples collected immediately prior to
of blood. A significant (P<.05) difference was
the ACTH injection and at 4 two-hour intervals folfound among the treatment means in the number
lowing the hormonal treatment. The most proof eosinophils per mm 3 of blood. Barrows receiving
nounced changes observed in the type of circulating
the high level of the progesterone-estradiol preparaleucocytes following treatment were sharp decreases
tion had the highest concentration of eosinophils in
in the number of eosinophils and lymphocytes and
the blood \vhereas those animals administered the
an increase of the number of neutrophils.
lower level of the same hormonal preparation had
Slow-gaining pigs were found to have signifithe fewest number of eosinophils per mm 3 of blood.
cantly more lymphocytes 4 hours after the ACTH
Counts made on blood samples collected 4
injection than littermates which had previously
hours after the initial sample indicated that the medemonstrated the ability to gain more rapidly.
chanical stress applied in taking the first sample inPROJECT 354:

Reproduction of Sheep
C. V. Ross, J.

R. Brooks
47

Summaries:
Sixteen Hampshire rams were used in a study
of the relationship of thyroid secretion rate and environmental temperature. A total of fifty-four observations were made over a period of 12 months at
temperatures ranging from 48-87 ° F. The data were
fit to a regression line by the least squares method.
The formula which best describes the fit of the line
was Y = .629 + (-.0037)x in which Y represents
the thyroid secretion rate expressed as the equivalent of mgm thyroxine injection subcutaneously/ 100

lbs. body weight and x represents the environmental
temperature. The data were significant (P = .05).
In three trials using 16 Hampshire rams in
which environmental temperatures ranged from 56°
F to 90° F there was a reduction of motility and an
increase in abnormal sperm when temperatures
were increased over 70° F. In each case rams in cold
rooms had higher motility, higher live counts and
a higher percentage of normal sperm.

PROJECT 355:

Factors Affecting Sow Performance
and Survival and Growth of Baby Pigs
L. F. Tribble, B. T. Dean

Results:
There was no apparent effect of treatment on
the number of pigs farrowed. The pigs were slightly heavier at birth and at weaning in all of the
trials from the sows and gilts fed the normal level
of feed during gestation. The limited fed gilts and
sows weaned more pigs per litter and a higher percentage of the pigs farrowed in all but one trial.
The exception was in trial 3 where a complete mixed ration was fed. The limited fed gilts in this trial
received less protein, minerals, and vitamins than
the normal fed gilts whereas in the other trials an
adequate level of protein, minerals and vitamins
were supplied in the protein supplement.
Approximately 200 pounds more feed was fed
to the normal fed gilts than to the limited fed gilts
during the gestation period. When the gilts were
full fed during lactation, those that had been limited fed during gestation ate an average of 50 to 75
pounds more feed than the normal fed group. Pigs
from the normal fed sows ate slight! y more feed
per pig than those from the limited fed sows.
The normal fed sows and gilts gained approximately one pound per head per day during the
gestation period as compared to approximately 0.6
pound for those limited fed. During lactation, the
sows and gilts which were limited fed gained more
or lost less than those which were fed normally.
The use of the backfat probe to measure the condi-

tion showed that the changes in backfat were in
the same order as the gains. The limited fed sows
and gilts have lost condition during the gestation
period while those fed normally have increased in
backfat thickness. The normal fed sows and gilts
have lost condition during lactation while those
fed limited rations have gained slightly or remained constant. The two trials with older sows have
shown a definite advantage for feeding a high level
of antibiotics at breeding. Sows receiving antibiotics
farrowed an average of 2.3 and 3.0 more pigs per
litter in each of the respective trials. The advantage
was maintained at weaning with 1.3 and 1.9 more
pigs weaned per litter respectively. There was no
advantage from feeding the antibiotics at breeding
to the gilts. It is assumed from the results that the
antibiotics are helping to control some type(s) of
bacteria that are present in the reproductive tract of
the sow which has farrowed at least one litter.
These organisms apparently are not present in the
gilts that have not farrowed.
No beneficial effect was obtained from feeding
a high level of antibiotics at farrowing. Approximately the same percentage of death losses occurred
in both groups and no difference in weaning
weights were obtained.
The work on the effect of high levels of antibiotics at breeding is being continued.

PROJECT 356:

Lamb Fattening
48

C. V. Ross,]. C. Rea
Summaries:

Fifty-four feeder lambs were individually fed
in a 3 x 2 x 2 factorially designed experiment to
compare response of lambs on high energy rations
to three protein levels, hormone implants, and
graded levels of a goitregen (Tapazole); and to determine any interaction between factors.
The most striking results were observed in
lambs implanted with hexestrol. They made 31
percent faster and 20 percent more efficiep.t gains
than those not implanted. The differences· were
highly significant (P = .01). Little difference was
observed in grades or yields.
Average daily gains of lambs on the higher
protein levels tended to be slightly faster than the
11 percent; however, the lambs implanted with
hexestrol did not make faster gains on increasing
protein levels. There was no significant differences
in yield and grade of lambs on the three protein
levels. Differences in daily gains were not significant. Tapazole at the levels used depressed gains
slightly, but did result in a slight but insignificant

improvement in feed efficiency and carcass grade.
Two-hundred eight Texas Spring lambs were
group fed pelleted fattening rations for approximately 69 days in a 2 x 2 x 2 x 2 factorially designed experiment in which the factors were stilbestrol
versus hexestrol implants, high energy rations versus low energy rations, enzymes versus no enzymes
and 11 percent dietary protein versus 14 percent.
Lambs on high energy rations made significantly faster (P<.01) and more efficient gains and had
significantly higher (P<.01) carcass yields than
lambs on the low energy rations. Lambs on 14 percent crude protein rations made faster and more efficient gains (not significant) and had significantly
higher carcass yields (P<.01). There appeared to
be some interaction between protein levels and
energy levels, but differences were not significant.
Lambs implanted with hexestrol gained somewhat
faster and more efficiently and had slightly higher
grades and yields, but these were not significant.
There was no apparent response to enzymes.

PROJ I:CT 365:

/-log Evaluation
A.]. Dyer, R. K. Leavitt, Carl Angell, Steve Zobrisky
Progress Report:

Objectives:

A. Testing of boars and barrows for feed efficiency daily gain and back,fat thickness.
B. Slaughter of barrows for carcass data: carcass length, loin area, backfat thickness, percent of lean cuts and other data.
C. Release of information on results.

The testing station facilities were completed
during the year. This made 72 pens available for
use. Sixty-five pens of hogs from breeders in the
state were tested during the test period from April
1, 1959 to September 5, 1959. Thirty-nine pens were
started on test in October and November.

PROJI:CT 396:

Genetic and Environmental Variations in Economic
Traits of Feeder Calves
]. F. Lasley, ]. E. Comfort, B.

J.

Greinman

Objectives:

To develop breeding, feeding and management
principles for the most efficient production of feeder
cattle.
Progress Report:

The herd of grade Hereford cows located at

the Weldon Springs Research Center in St. Charles
County are being used in this project_ Two of the
'bulls used in project 198 in the "open" herd and
two bulls produced in the "closed" herd and used
in 1957 sired the fall calves in the grade herd in
1958. The weaning weights of the fall calves have
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been corrected to a 210 .day basis.
The weaning weights on the fall calves in 1958
were light due to a shortage of winter feed. The
Missouri River completely flooded the corn crop
that was to be used for winter silage. The cows
were maintained on alfalfa and rye silage with a

small amount of grain and a minimum amount of
low grade hay. The mature cows matnta10ea their
weight reasonably well but the two year old cows
with their first calves lost weight during the winter.
(Space will not permit inclusion of more of this
study.)

BIRTH AND WEANING WEIGHTS AND WEANING SCORES FOR
1958 FALL CALVES
Sire
Sex

Steers

Cadet 15
Steers
Steers
5
7

Larr:t: 13
Heifers

CK Crusoe
Steers
Heifers
7
8

7

72

63

70

281

251

280

276

8.0

7.8

6.8

7.1

8

73

74

67

66

77

Avg. weaning
weight

261

254

271

250

Avg. weaning
score*

7.4

6.8

7.6

7.0

Avg. birth
weight

Heifers

5

5

Number

C Kato
Steers

*Score of 8 - good

PROJECT 397:

Objective Indices of Meatiness
A. J. Dyer, B.

J.

Greinman, H. B. Hedrick, S. E. Zobrisky

Objectives:

To determine specific measurements or scores
in the carcass and live animal which are most indicative of total carcass value and the relationship between these measurements or scores in the live animal and those of the carcass.
Results:

Forty-eight cattle of known heredity from the
Weldon Springs herd are presently on test. Eleven
of these cattle have reached slaughter weight and
have been slaughtered. Upon attaining slaughter
weight (steers 900 lbs. and heifers 800 lbs.) all ani-

mals are measured with ultrasonic equipment
(Sonoray) to determine the thickness of fat cover
and area of the rib eye and these measurements will
be correlated with measurements taken from the
carcass. Procedures and techniques for measuring
cattle with high frequency sound are being developed. Detailed carcass measurements and carcass cutout data are being taken. Samples are being taken
for tenderness and sensory panel determinations.
Data from these animals cannot be analyzed until
completion of slaughter.

PROJECT 398:

Evaluation of Some Economic T~aits of Hogs
A. J. Dyer, Steve· Zobrisky, L. F. Tribble, K K. Leavitt
Progress Report:

A. Three tests have been completed at the Testing Station and data are being compiled ,but no anal.ysis has been ·made of the' q.ata. Correlations will be
run ·between various traits to determine their rela. tionship. For example, the relationship of rate of
· gain and carcass composition to feed efficiency ·will
50

be determined.
B. Two trials have been •completed on the rdation$hip of various characteristics between littermate
..
.
boars, barrows and gilts.
Trial 1 was conducted at the Swine Farm in the
winter of 1958-59. Littermate boars; barrows and

gilts from the Hampshire, Duroc and Poland breeds
were used. They were fed by sex groups on a complete ground mixed ration. The pigs were slaqghtered as they reached 200 pounds.
Trial 2 was conducted at the Swine Testing Station. Littermate Hampshire and Durocs were used in
this test. The same ration as was used in the testing
station was used in this test. Pigs were fed by sex
and breed groups.
Some trouble was encountered in trial 1 with
scours especially with pigs of the Poland breed.
There appears to be no significant difference in rate
of gain between the pigs of the different sexes. However, some of the fastest gaining individuals were

boars. Boars made slightly more efficient gains than
the barrows or gilts. Gilts were also more efficient
than the barrows. Feed wastage was a problem in
all lots and the validity of the feed efficiency data is
questionable.
In trial 2 there was no difference in the rate of
gain of the Duroc pigs between the various sex
groups as all groups gained approximately two
pounds per head per day. In the Hampshire breed,
the gains of the pigs decreased from boars to barrows to gilts. The boars of both breeds were much
more efficient than were the barrows and gilts. There
was very little difference in feed efficiency between
barrows and gilts.

PROJI:CT 327:

Tenderness of Meat as Related to Tissue Components, Genetic
Factors, and Ante-Mortem and Post-Mortem Treatment
M. E. Bailey, H. D. Naumann and F. C. Parrish

Objectives:
A. To determine the tissue components responsible for variations in tenderness of
meat.
B. To determine the influence of genetic factors, stress and post mortem environment
on muscle composition and tenderness.
Progress Report:
In general, tenderness by sensory and physiCal
methods improved during aging at both 38° F. and
86° F. Chronological age had a highly significant
effect on tenderness of beef following aging at 38°
F. for 15 days. Stress induced by adrenalin injections did not affect tenderness of steaks taken from

DAIRY

carcasses of animals of the same chronologi!=al age
provided carcasses were aged for 15 days at 38° F.
Steaks from non-stressed cattle, however, were significantly more tender than those from stressed cattle when sensory data at the beginning and end of
the aging periods were analyzed.
Studies of the mechanism of tenderization during aging revealed that the transfer of moisture and
the exchange of mineral ions were associated with
changes involved in the development and resolution of rigor mortis. Evidence obtained in studies
of cationic and nitrogen shifts support theories
favoring autolytic enzyme activity during resolution of rigor mortis.

~USBAND.RY

Arthur C. Ragsdale, Department Chairman

PROJ I:CT 28:

The Role of l-lormones and Enzymes in
.G land Growth and Lactation
51

C. W. Turner, D. R. Griffith, Gayle Pipes, C. E. Grosvenor, R. Wagnon,
R. C. Moon, R. Von Berswordt, H. Wada, H. C. bamm, D. Brookreson

Objectives;
A. Factors influencing the growth of the mammary gland using total DNA content of the
gland as an index of growth.
B. Factors influencing the secretion of milk.
C. Factors influencing the milk "let-down"
hormone and milk removal.
D. Studies of normal thyroxine secretion and
factors influencing the rate of secretion.

Progress Report:
A. Factors influencing the growth of the mammary gland using total DNA content of the gland
as an index of growth.
It is our policy, as soon as an experiment is
completed, to immediately prepare it for publication. All of our completed work is thus presented
in the abstracts a.nd manuscripts. The studies reported include the following:
I. Effect of recurring pregnancy on mammary
gland growth in mice.
2. Experimental mammary gland growth.
3. Effect of relaxin on mammary gland growth
in female mice.
4. Normal and experimental growth of rat
mammary gland.
5. Normal growth of rat mammary glands dur. ing pregnancy and lactation.
6. Optimal levels of hormones for mammary
gland growth.
7. Thyroid hormone and mammary gland
growth in the rat.
8. Normal growth of mammary gland in pregnant and lactating mice.
9. Mammogenesis in ovary-thyro-parathyroidec~
tomized rats.
10. All of our results are summarized in the
paper entitled
N A as a quantitative measure of mammary gland growth."

··n

B. Factors influencing the secretion of milk.
The studies reported include the following:
1. Thyroid activity and assay of lactogenic hormone.
2. Lactogenic hormone requirement for milk
secretion.
3. Effect of reserpine on oxytocin and lactogen
discharge in lactating rats.
4. Replacement therapy in lactating thyroparathyroidectomized rats.
5. Effect of pregnancy upon pituitary lactogenic hormone concentration.
6. Effect of lactogenic hormone, growth hormone and thyroxine in the lactating albino
rat.
7. Successful replacement therapy in lactating
thyroparathyroidectomized rats.
C. Factors influencing the milk "let-down"
hormone and milk removal.
The studies reported include the following:
1. Effect of reserpine on milk let-down.
2. Effect of reserpine on oxytocin and lactogen
discharge in lactating rats.
3. In the studies on lactation reported under B,
optimal levels of oxtocin were injected to
induce complete milk removal.
D. Studies of normal thyroxine secretion and
factors influencing the rate of secretion.
The studies reported include the following:
L Effect of reserpine on thyroid activity in rats.
2. Measurement of thyroid secretion rate of individual pigeons.
3. Thyroxine secretion rate of mice.
4. Effect of ovariectomy and replacement therapy upon thyroxine secretion rate of rat.
5. A mode of action for thyroid inhibition by
reserpine.

PROJECT 35:

Improvement of Dairy Cattle Through Breeding
Charles P. Meribn, A. C. Ragsdale, B. F. Kelso, K. W. Bower,
J.D. Sikes. G. A. Stewart, L. R. futiney, H. S. Peet

Objectives:
To determine the interrelationship between the
inheritance of production, physical characteristics,
reproduction and related physiological functions

and to develop and evaluate selection methods and
indices for use in various breeding plans and practices. Particular attention will be given to the blood

inorganic phosphorus levels, thyroid function parameters and growth, reproductive and productive
processes in dairy cattle.
Results:

The Guernsey, Holstein and Jersey breeds continue to be used in the linebreeding programs.
During 1959, 93 Guernsey cows were officially
classified for type with two classed as Excellent, 41
as Very Good, 38 as Desirable and 12 as Acceptable.
Milk composition studies in conjunction with
the breeding program were initiated in October 1959
and to date a total of 795 milk samples (540-Guernsey, 207-Holstein, 48-Jersey) have been collected and
analyzed for butterfat and total-solids content with
solids-not-fat figured by difference. Butterfat determinations have been made by the Babcock method
while total solids have been determined by a hydrometric method using a modified Westphal bal-

Herd

ance at 102° F. calibrated according to the results
of aliquot samples analyzed by the Mojonnier m:ethod. Preliminary trials with triplicate determinations
on 12 split-samples indicated that the results obtained with the modified Westphal balance at 102°
F. were in closer agreement with Mojonnier results
than were results obtained with the Watson-Taylor
lactometer at 102° F.
During the past year, inorganic blood phosphorus determinations were made on 37l females in
the Holstein, Jersey and Guernsey herds. Fifty-nine
animals in the Holstein herd with blood inorganic
phosphorus values ranging from 65 to 99.9 percent
of normal for age at test have completed their first
la.ctation and 29 of these have been eliminated from
the herd prior to completion of the second lactation.
However, of the 27 first lactation animals with blood
phosphorus values above normal only 5 have been
culled prior to completion of the second lactation.

Cows in Milk

Guernsey

118

Holstein

52

Campus Jersey

11

Hatch Jersey

28

Milk, pounds.

fat, pounds.

9329
12140

410
449

7277

382

7515

409

305 2X M.E.
305 2x M.E.
Actual
Actual
% Total Solids

Mojonnier

Modified Westphal {102°F)
Watson-Taylor (1020F)

13.38
13.41
13.46

PROJECT 37:

Ice Cream Quality as Influenced by Emulsifiers, Sweeteners,
and Denydrated Mixes
Progress Report:

. W. H. E. Reid, D. S. Shelley

A study was made of twenty-eight different
mixes including methods of processing, freezing,
and distribution through superstores.
The physical properties of ice creams, including
the flavor, body and texture, may be impaired when
exposed to undesirable environment in the retail
store. Variations in the temperature of the ice <:ream
cabinet may cause the ice cream to soften and upon
refreezing may lack smoothness. The freezing of an
ice cream mix in which the liquid or crystalline cane
sugar is properly blended with desirable proportions
of either low or high conversion corn syrup will fur-

nish an ice cream that is more resistant to heat shocking due to the increase in the total solids as well as the
increased percentage of high molecular weight sugars.
The body, texture and meltdown of the ice creams are
superior due to the greater percentages of higher
sugars and dextrins in the corn syrups. Vanilla extract toned up the flavor of the ice cream, making
it more desirable from the standpoint of flavor.
This investigation indicates that liquid sucrose
and low and high conversion corn syrups have a
place in the ice cream industry when blended in
concentrations which meet consumer acceptance in
the particular markets being supplied.
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PROJECT 54:

Increasing the Effectiv eness of Artificia l Insemination
as a Means of Improving Dairy Cattle
C. P. Merilan, Kenneth Bower, L. D. Miller,
J. D. Sikes, A. C. Ragsdale
Objectives:

To study the physical and chemical characteristics of spermatozo a in relation to conditions of
collection, storage and handling, and fertility.
Results:

Studies of the effect of dehydratio n on bovine
spermatozo a have been handicappe d by the lack of
a technique for determinin g the time or condition
of semen samples when the spermatozo a are damaged during the dehydratio n process. Preliminary
results indicate that fractional sublimation techniques
may be used to help solve this problem. Copperconstantan thermocoup les and a recording potentiometer were used to measure the temperatur e difference between the semen sample undergoing vacuum sublimation and the fluid bath surroundin g the
sample. As sublimatio n occurred, the measuring
thermocou ple was cooled and after a phase completely sublimed, the temperature inside the sample
tube warmed to bath temperatur e. The bath temperatures at which sample-bat h temperatur e differ-

ences occurred thus can be used in comparing sam.
pies in different sublimatio n experiment s. During
a series of trials, three distinct sample-bath tempera.
ture differences were observed as the bath tempera.
ture was allowed to warm gradually from 079° C.
to 0° C. or above. This indicated that at least 3 dif.
ferent fractions sublimed from the semen sample
with maximum sublimatio n rates for each fraction
occurring at bath temperatur es of approximat ely
-65 o C., -40° to -35 ° C., and -30° C to -20° C. re.
spectively. Preliminary trials indicate that the point
at which the latter phase sublimed is the approximate dehydration death point of bovine spermatozoa
as shown by motality observation s on rehydrated
samples. This point corresponds to a residual moist·
ure content in the spermatozo a of from approxi·
mately 4 to 16 percent. Future fractional sublimation
studies of this type could lead to a better under·
standing of why death occurs during freeze-drying
of spermatozo a.

PROJECT 55:

The Influence of Diet on the Growth
Develop ment and Perform ance of Dairy Cattle
C. P. Merilan, A. C. Ragsdale, L. R. Rainey, H. S. Peet,
J. R. Campbell, A. V. Davis, A. G. Lane

Objectives:

To study factors affecting feed intake, .utilization and their relationship to performanc e of dairy
·
cattle.
Results:

A switch back design was used with twelve
lactating Holstein cows (four each in early, mid, and
late lactation) to study the effects of constant environmenta l temperature s and relative humidities on
feed digestion. The cow~ were housed in two psychometric chambers and subjected to five different
temperature and humidity relationship s. The chronic
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oxide tracer technique w:as used to determine feed
digestibilit y under the different environmen ts.
Chronic oxide was fed twice daily at 3:30P.M. and
4:30 A.M. Determina tion of the diurnal excretion
pattern indicated maximum chromic oxide excretion
at approximat ely 7:00A.M. and minimal excretion
.
about 12 hours later.
Environme nts of soo F. an:d so percent Rela·
tive Humidity, or 90° F. and 20 percentR.H . when
compared with control of 65° F. and 50 percent
R. H. had very little effect on the feed intake and
digestibility . When the cows were subjected to 90°

a

F. and 40 percent R.H. the effect of environment
was obvious. Dry matter intake fell to 5.07 pounds
per day less than cows in the control environment
and feed digestibility increased by 4.35 percent. An

environment of 90° F. and 50 percent R.H. exerted
an even greater effect by decreasing feed consumption 20 percent of 6. 72 pounds dry matter per cow
per day and increasing feed digestibility by 6.2 percent.

PROJECT 64:

Dairy Herd and Farm Improvement Practices Contributing
to an Efficient Farm Enterprise
A. C. Ragsdale, H . S. Peet, J. D. Sikes

Objectives:
A. To develop superior strains of Jerseys with
capacity for large milk production, superior
type, of good size, disease resistant, and long
lived. Nearly 30 years of production testing
through the official Herd Improvement
Registry and Type Classification provide a
good foundation for a continuing, constructive breeding program.
B. To serve as a research and demonstration
farm, emphasizing efficient production and
effective use of high quality feeds and good
management practices with particular attention directed to pasture, hay, silage, and soiling crops. "Quality" milk production, herd
and farm sanitation practices are an integral
part of the program.
C. To serve as a source of information and headquarters for dairy activities. Personnel of the
Station Farm cooperate with Chambers of
Commerce, the dairy and agricultural press,
radio and television stations, farm and youth
groups, and numerous related activities, and
through its work contribute to public welfare.
Progress Report:
The dairy cattle breeding program is directed
toward the development of Jersey cattle with capacity for high milk production, of good size, superior
type and long life. This program has been carried
out by raising all replacements, based on linebreeding, selection, culling, and attention to brood cow
families. The present herd, consisting of 37 cows
and ·36 heifers, traces back to seven of the original

21 cows which established the herd in 1931. Thirtytwo of the milking cows are daughters of Masterman Standard Certify 525009, or his son, Hatch
Masterman Buster 560083, and 23 of the heifers are
from the closely related sire, Masterman Golden
Apex 568401.
A new breeding program was introduced in
November 1959 when arrangements were made to
secure frozen semen from these related bulls. These
bulls-Brampton Bijou Records 524573, Brampton
Gipsy Pinnacle Basil 516718, and Brampton B. P.
Bijour 552325 are closely related through Brampton
Basilua and Pinnacle breeding. Frozen semen from
these bulls is used in rotation irrespective of the
female to be bred. In the case of any animals that
are not daughters of Masterman Golden Apex, if
after three consecutive breedings with frozen semen
they are not settled, then liquid semen from Masterman Golden Apex is used. The further plan is to
purchase young herd sires which fit in with the
blood lines and breeding program and to put them
in use as soon as available to supplement the senior
sires named.
The Hatch Farm herd has been under Herd Improvement Registry testing and official Type Classification for 28 consecutive years, which has been
the basis for selection of brood cow families and
culling in the development of the breeding program.
The herd average for the year ending December 31,
1959, was 7,515 lbs. milk, 5.4 percent test, 409lbs.
butterfat. The last 10 year average is 7,244 lbs. milk
and 400 lbs. fat, and the 28 years of completed records since the Station herd was established average
7142 lbs. milk and 391 lbs. fat.

PROJECT 80:

Endocrine Genetics Interrelations in Milk Secretion
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C. W. Turner, A. C. Ragsdale, B. N. Premachandra, Gayle Pipes,
R R. Anderson, P.R. Stahl, Ralph Williams

Objectives:
A. Study of various factors influencing the thyroxine secretion rate of cattle. As goitrogens
are used in blocking recycling of P 31 a study
will be made of the effectiveness of certain
new goitrogens for future use.
B. A study of factors influencing the thyroxine
secretion rate of fowls and the mode of inheritance of thyroxine secretion rate.
C. Study of the experimental growth of the
cows udder and factors influencing the intensity of milk secretion.

Progress Report:
Attention is called to the abstracts and manuscripts of papers prepared for publication. Summaries of unpublished work will be presented.
A. Study of various factors influencing the thyroxine secretion rate of cattle. As goitrogens are
used in blocking recycling of P 31 a study will be
made of the effectiveness of certain new goitrogens
for future use.
The studies reported include the following:
L A critique of indices of thyroid gland function.
2. Thyroid function of mono- and dizygous
cattle twins.
3. The biological half-life of !-thyroxine and

!-triiodothyronine in blood of the dairy cow.
4. Elevated thyroxine pool and lactations.
5. Comparative goitrogenic activity of tapazole
and carbimazole in cattle.
6. The thyroxine secretion rate of experimental
and
7. The effect of thyroxine on its own turnover
time.
8. The thyroxine secretion rate of cattle utilizing radioactive iodine (P 31 ) as a tracer.
B. A study of factors influencing the thyroxine
secretion rate of fowls and the mode of inheritance
of thyroxine secretion rate.
The studies reported include the following:
L Study of growth in New Hampshire chickens
with varying thyroid status.
2. Reserpine and thyroid activity in chickens.
C. Study of the experimental growth of the
cow's udder and factors influencing the intensity of
milk secretion.
The studies reported include the following:
l. Comparison of the intravenous and subcutaneous injection of oxytocin in the lactating cow.
2. Study of the effect of time on experimental
mammary gland growth and lactation in
dairy heifers.

PROJtCT 125:

Influence of Climatic Environmental Factors on Milk Production,
Growth, and Related Physiological Reactions
H. D. Johnson, A. C. Ragsdale, H. H. Kibler, C. W. Richardson

Specific Objectives:
L Continue the major study on the effects of

various combinations of temperature and humidity on milk production and related reactions of Holstein cows in early, mid, and late
stages of lactation. Special "switch-back type"
experimental design will be used to separate
the normal milk persistency trend and/or
stage of lactation from the environmental
effect.
2. Investigate physiological mechanisms that
enable individual cows to vary enormously
in their production characteristics and heat
resistance.
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3. Complete the analysis of the experimental
study on the effects of temperature (50° F
and 80° F) on growth of Holstein, Brown
Swiss, and Jersey calves. Study the relationships of breed, age, and size to heat tolerance
and the interrelationships among these factors and production. (The study was designed to determine the physiological changes
occurring with age and weight during
growth and to establish the relationships of
changing metabolic, endocrine, and other
functions to efficiency of growth).

Practical Objectives:
1. To furnish basic data for recommendation
of physiological selection indices, measures
that will help the farmer or breeder someday
to obtain or select the best cattle for his particular climate. Note: Highly productive cattle are extremely sensitive to high temperatures; the rectal temperatures in large high
producing dairy cattle begin to rise at 75°
F reaching a harmful rectal temperature of
over 106° Fat an environmental temperature
of 95 ° F.
2. To determine the ideal environmental conditions which include temperature, humidity,
wind, and light (chemical and thermal) and
combinations thereof that will enable a particular breed to express its fullest inherited
productive capacities (growth and milk production): and to specify conditions desirable
for most efficient meat and milk production
of the highest quality.
3. To furnish basic data to agriculture engineers
for design of optimum shelters against climatic factors (heat, cold, wind, humidity,
solar radiations, etc.) and for selection of
building materials for shelter construction.
4. To study the effects of unfavorable temperature and humidity (direct climatic factors)
on milk production of Holstein cattle, the
most popular, highest volume-producing,
and most heat-intolerant cattle in the United
States. Special attention will be given to the
efficiency of production at high environmental temperatures and humidity conditions.
General Scientific Objectives:
To determine the influence of climatic factors
on body temperature regulation, growth, milk production related biochemical and physiological responses, and mechanisms of the given reactions of
various breeds, experimental groups of cattle, and
laboratory animals.
The general scientific objectives may be subdivided into many sub-objectives or sub-projects
with reference to:
1. Effects of the many factors that together
make up weather or climate (dry bulb temperature, humidity, air velocity, radiation,
etc., their permutation and combination and
their diurnal and seasonal changes) upon
growth, temperature regulation, milk production, etc.
2. The effects of climate on the many interrelated physiological reactions in cattle, which

together make up the over-all response in
growth, milk production etc. of the animals
to the environment, include such reactions
as feed consumption, 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, conduction), body temperature
(temperature gradients, rectal, hair and skin
temperatures), hair density, respiration rate
and volume, pulse rate, and blood and body
composition (glutathione, hematocrit, PBP 3 \
minerals, serum proteins). Special emphasis
is now being given to neuro-endocrine activities, including thyroid, adrenal, and enzyme
activities and the involved mechanisms, and
effects of the environment on milk volume,
composition (citric acid, salt balance, serum
proteins, etc.) which reflect the physiological
state of the animals.

Progress Report:
The following section includes a summary of
unpublished data and data that have not been abstracted thus far in this report_
This summary will include: A comprehensive
report on the effects of various combinations of
temperature and humidity on milk production
(quality and quantity) of Holstein cows and related
physiological reactions at various stages of lactation;
further analysis on the dairy calf growth study and
a preliminary report on temperature effects on physiological reactions of small laboratory animals.

Effects of Various Combinations of Temperature
and Humidity on Milk Production and Related Physiological Reactions: This experiment was initiated
October 1958 and is currently in progress. It was
designed to separate the effects of various combinations of temperature and humidity and stage of
lactation on the production of cattle. Long-term
studies on lactating cows, as compared to nonlactating cows, present several unique problems. One is
the effect of the stage of lactation on the physiological responses of stressed animals. At early stages
of lactation, responses differ, and are generally more
severe than at later stages. Furthermore, the straightline portion of the lactation curve has been shown
to be relatively short, about 36 weeks. To account
for stage-of-lactation, the experiment was designed
as follows: the twelve cows were divided into two
groups of six, (A and B) and each group contained
two cows each of early, middle and late lactation
I
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period. The stages of lactation, for design purposes,
were taken at twelve weeks. Thus, at the end of
twelve weeks, the two-animal group that commenced as early-lactation animals, would be considered middle-lactation animals; the middles become late; and the lates removed from the experiment, requiring two, new, early-lactation-stage animals to be introduced to fill each group. The animals were exposed to combinations of temperature
and humidity ( 65 o, 50 percent R.H. reference condition; 80° F, 30, 50 and 80 percent R.H.; 85° F,
50 and 80 percent R.H.; 90° F, 20, 40 and 50 percent R.H. and 95 o F, 20 percent R.H.) Other experimental conditions and treatments are being investigated now.
1. Rectal Temperatures-A study of the effects
of various combinations of temperature and
humidity on the reactions of dairy cows in
early, mid, and late lactation has been partially completed. Results to date indicate
that at the measured temperatures (80° F
and higher) increasing humidity affected the
thermoregulative reactions to a marked degree. The following preliminary data indicate the relative effects that temperature and
humidity have in increasing body temperature above its level at 65 o F, 50 percent R.H.
The corresponding effects on respiratory
frequency and volume rates, pulse rate,
energy metabolism, and evaporative cooling
from the respiratory tract and skin are now
being evaluated.
2. Milk Production: The humidity at 90° F and
95 ° F is critical for maintenance of milk production. Last year's studies revealed that 90°
F and 50 percent R.H. was the maximum
temperature-humidity combination that most
animals in lactation could tolerate. The 90°
F, 20 percent R.H. caused losses in produc-

tion but at higher humidities (i.e. at 90° F,
30 percent-40 percent and 50 percent R.H.)
the effects were severe. (See Figure 2.).
More recently we have found that only
the lowest humidity attained at 95° F, which
is 20 percent R.H. will permit most animals
to produce and maintain a safe degree of
heat balance for a 2 week period of time.
3. Feed Consumption: Feed intake is very sensitive to unfavorable environmental conditions, more sensitive than milk synthesis.
During our experimental periods (2
weeks) at each condition, feed intake declines at a greater efficiency ("short-term").
These data are being evaluated and will
be related to milk production, thyroid activity, water consumption, milk chemistry,
metabolism, etc.
4. Thermal Lags in Response to the Various Environmental Conditions: Remarkable data are
being obtained in the delayed response of
feed intake, milk production, body temperature and other measures to changing temperature and humidity conditions. For example, roughage intake at 65° F is approxi. mately 20 lbs./day, on exposure to 90° F, 40
percent R.H. the value after 6 days is approximately 18 lbs.; 8 lbs. at 10 days and between 10-14 days the values are essentially
constant, When the animals are returned to
65 o F the similar trend is reversed. The other
measurements show similar trends.
These data are providing much basic
information on the rates of "acclimation"
which has much physiological and even
practical value. For example, these time adjustment studies will provide a firm basis
and understanding for future diurnal trend
studies.

PROJECT 133:

Characterization of Microorganisms Common to the Dairy Industry
J.

1

E. Edmondson, R. T. Marshall, K. L. Smith

Objectives:
To develop bacteriological methods which will
determine or classify the microorganisms with
which the milk producers are concerned or which
affect the quality of raw or pasteurized milk and
milk products and thus provide information helpful in protecting the health of the consuming public.
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Progress Report:
Determining the degree of sensitivity of cottage cheese cultures to penicillin, 150 single strain
isolates of Streptococcus lactis and Streptococcus cremoris were made. These isolates were characterized
by morphological and biochemical reactions. From
this group 51 cultures were used for further penicillin sensitivity studies. All cultures were .tested in

broth containing 0.0125, 0.025, 0.05, 0.10, 0.20, 0.30
and 0.40 unit of penicillin per ml. The variation in
sensitivity was more within each culture from day
to day than within different strains of each species
studied. There appeared to be no difference in sensi·
tivity of the S. lactis and S. cremoris species. The
sensitivity of the cultures ranged from 0.1 to 0.3
units of penicillin per ml. of broth.
All studies with manufacture of cottage cheese
have been made with mixed strains. This is the usual
commercial practice and probably most desirable
since such day to day sensitivity variation occurred
in the single strain cultures. Several trial batches of
cottage cheese have been made usin·g milk with
levels of penicillin ranging from 0.1 to 0.3 units. In
all cases cottage cheese was made although in some
trials the acid was slow to develop.
The penicillin assay technique has been checked
using the overnight method with Sarcina lutea as
the test organisms. However, the more recent 2Yz
hour method of Arret and Kirshbaum, using Bacillus subtilis has been checked and found to be as ac-

curate as the longer method. Also sensitivity of the
B. subtilis method proved to be acceptable.
The 20 Micrococcus spp. selected for identifying
species causing mastitis have been classified morphologically and biochemically. Antiserum production
has been completed for four representative type cultures. The antiserum production for the remaining
16 will be prepared as soon as possible. The cultures selected were classified pathogenic or nonpathogenic based on the coagulase test. The coagulase
negative culture are generally considered to be nonpathogenic. These were also non-hemolytic; how·
ever, some of the 16 coagulase positive cultures were
found to exhibit very slight to no hemolysis. All
were isolated from active cases of mastitis and were
the predominant organism present.
In making individual quarter platings of milk,
the standard plate count on fore-milk from abnormal
quarters averaged four times larger than milk from
normal quarters. The normal milk was from those
quarters which showed no growth of hemolytic
bacteria.

PROJECT 134:

Official Testing of Dairy Cattle and Milk Goats
J.D. Sikes
Objectives:
To provide Herd Improvement Registry and
Advanced Registry testing to the purebred dairy
cattle and milk goat breeders in Missouri. The official records are made available for use in locating
brood cow families, proving of sires, making daughter-dam comparisons and in planning breeding programs.
Project Report:
This project is carried out in cooperation with
the national dairy cattle breed associations, American Milk Goat Record Association, the purebred

breeders, and the College of Agriculture, Department of Dairy Husbandry.
Butterfat and milk production records were
tabulated for the above herds, of which 4.5 percent
of the herds were enrolled on Advanced Registry
Testing. However, 98 percent of all the animals test·
ed were on Herd Improvement Registry Testing.
A Jersey cow, Observer Treva Sue, owned by
Dale Knight, Trenton, Missouri, received the distinction of being high HIR cow for all breeds. She
produced 14,248 pounds of milk and 891 pounds of
fat in 305 days at the age of 9 years 5 months on
twice a day milking, actual.

PROJECT 200:

Foremost Guernsey (Breeding for 1-/erd and Breed Improvement)
A. C. Ragsdale, L. R. Rainey, J. R. Campbell,
J. E. Edmondson, C. P. Merilan, J.D. Sikes
Objectives:
A. To develop superior strains of Guernsey catde, with capacity for large milk production,
superior type, of good size, disease-resistant

and long lived. The goal is to perpetuate the
desirable characters known to exist in the
present herd and to make further improve59

ments by proper selection and breeding techniques.
B. To serve as a research and demonstration
farm, using the 610 acres of land available
for the production of essentially all the pasture, hay, silage and crops needed for the
herd of near 300 head of cattle, about onehalf of which are producing cows. Special
attention is given to good farm operational
practices. The buildings, planned for the
purpose, provide for the study of conventional and loose housing practices applicable
to milking cows, calves and young stock.
C. "Quality" milk production, herd and farm
sanitation practices receive careful attention
with studies as outlined in this report.
Dairy Cattle Breeding: A linebreeding program
has been followed with major attention to brood

cow families and outstanding sires. All replacements
are raised.
Production: The present herd, with 118 cows
completing records during the year, are reported by
the American Guernsey Cattle Club to have averaged 9,329 lbs. milk, test 4.4 percent, 410 lbs. fat305 days-2x-M.E. On the basis of an average of
122 cows actually in milk, the production was 10,544
lbs. milk and 469 lbs. fat; and on a cow year basis
(including a number of older cows held for breeding purposes), 144 cows averaged 8,955 lbs. milk
and 398 lbs. fat.
A total of 1,337,938 lbs. milk was produced by
the herd during the year 1959.
Type Classification: Of the 124 classified animals
in the herd, three are Excellent, 43 Very Good, 68
Desirable and 10 Acceptable, or 92 percent above
the line (above the Acceptable Classification).

PROJECT 246:

The Role of Microorganisms in Dairy Cattle Nutrition
C. P. Merilan, R. J. Wilson,
Objectives:
To identify rumen microorganisms and study
their individual and synergistic activities under various in vitro and in vivo conditions.
Progress Report:
A series of 21 rumen temperature determinations were made with a fistulated heifer receiving
various quantities and temperatures of water. Rumen
temperatures were recorded from copper:constantan
thermocouples positioned in the lower, mid and
upper portions of the rumen. Water intake varied
from 29.2 lbs. to 83.4 lbs. and water temperature
ranged from 32.5° F. to 62.5° F. Water temperatures
and pounds water consumed were used to calculate
the BTU necessary to raise the temperature of the
water to the initial rumen temperature. These values
in turn were compared with the rumen temperatures
(average of the 3 thermocouple temperatures) recorded at various time intervals after water intake.
These results indicate that tern perature equilibrium
in the rumen is achieved in approximately 40 minutes regardless of the amount and temperature of
water consumed. Further, the rumen temperature of
this animal 40 minutes after water intake was related to the amount and tern perature of water consumed in that each 1000 BTU deficit assumed by the
animal through water consumption caused a 2.5 o F.
decrease in the rumen temperature. The lowest rumen temperature (40 minutes after water intake)
was 91 o F. or approximately 13° F. below the "nor60
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R. Campbell, K. W . Bower
mal" rumen temperature. Inasmuch as this and earlier results with other animals indicated that rumen
temperatures did not return to normal until a period of 5 to 8 hours had elapsed, water consumption
may markedly influence the feed digestion and other
activities of the rumen micropopulation by 1) decreased enzymatic activity caused by reduced temperatures and 2) changing the substrate (feed) concentration by dilution. Thus, in vitro studies of the
rumen micropopulation's activity when exposed to
two different concentrations of a cellulose product
(solka floc) and different temperatures were made
using the W arburg apparatus and standard manometric techniques.
Twenty-nine separate 10-hour trials each involving 12 to 24 individual samples were conducted to measure the "apparent gas production" by
rumen microorganisms from the cellulose substrate
when the temperature was held at 37.8° C. or changed from 37.8° C. to 29.4, 32.2, 40.3° C. after the
initial 5-hour equilibration and control period. Preliminary analysis of the data not corrected for endogenous activity indicated that at the levels studied a
50 percent decrease in substrate concentration resulted in an approximate 14 percent decrease in the
micropopulation activity as measured by this technique. Also activity decreased regularly with decreased temperature between 40.3 and 32.2° C. at
the rate _of appr~ximately 55 arbitrary units of activi-

ty per degree Centigrade. However, between 32.2

and 29.4 ° C. the decrease in activity was approximately 130 units activity per degree Centigrade.

PROJECT 284:

The Quality of Milk and Related Products as Influenced
by Handling and Marketing
]. E. Edmondson, G. E. Husky, D. S. Shelley, K. L. Smith

Progress Report:
To study the effect of retail market conditions
on the shelf life of cottage cheese, University and
commercial samples were stored for 20 days at different temperatures. The storage temperatures used
were those previously used in fluid milk studies
since cottage cheese is stored in the same cabinets.
Samples were stored at 36° , 41 o , 46° and 51 o F. All
samples were evaluated for organoleptic properties,
bacterial populations and many chemical properties,
The organoleptic properties and bacterial population were determined at 5-day intervals during the
storage period. Based on results from 140 samples,
35 stored at each of the four temperatures, 52.0 percent contained less than 4.0 percent fat and 34.0 percent contained less than 20.0 percent total solids.
These composition percentages are the minimum acceptable legal standards. The average range for fat
and total solids was 3.98 percent and 20.97 percent,

respectively. Only one sample showed positive phosphatase indicating improperly pasteurized milk was
used in making the cheese.
All bacterial counts were measured as percentage increase using the first day samples as base for
five day interval results. The various bacterial populations ranged from 30 to 7,400 percent increase for
the different storage temperatures and time.
The highest bacterial populations occurred at
41 o and 46° yet the most rapid deterioration appeared in the 51 o F samples. The greatest increase in
bacterial numbers was measured in the psychrophilic
groups. The only apparent explanation for the more
rapid deterioration of cottage cheese at 51 o F may be
due to increased enzyme activity rather than the increased number of bacteria. This was based upon
the fact that all enzymes are not influenced to the
same degree by temperature.

ENTOMOLOGY
Philip C. Stone, Department Chairman

PROJECT 369:

The Biology and Control of Legumes and Grass Insects
C. C. Blickenstaff
Objectives included in this Report:
Introduction
A. To test the affectiveness of recommended
The survey of soybean insects is an expansion
and promising insecticides for control of
of a project begun in August 1958. During that season collections by sweeping were made periodically
soybean insects.
in three fields in the vicinity of Columbia. A referC. To study the biology and ecology, and evaluence collection of identified species was started.
ate the damage caused by important pests of
legume and grass crops.
Methods
A. Soybean Insect Survey.
In 1959 a state-wide survey was made each
month from May through September and included
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early, medium and late planted beans. Twenty-five
sweeps with a 14 inch net were made in each field.
The insects were killed immediately, stored in ice
cream cartons, and sorted and counted later during
the winter months. Ninety-six collections in 19
counties were distributed in the state on different
aged beans as follows:

Results:
Most of the pinned specimens collected in 1958
were determined by specialists of the Insect Identification and Parasite Introduction Research Brand,
U.S.D.A. Many new species were added to the collection in 1959, but have not yet been determined.
Cooperative Potato Leafhopper Migration Study.

Northern third (6 counties):
Central and East (2 counties):
Southeast (6 counties):
Southwest border (5 counties):

12 early, 11 medium, 9 late
8
19

12

"

4
5

"

7

II

II

1 U
5 "

3 "

As in past seasons Missouri's contribution to
the NC-29 cooperative survey to determine the migration pattern of the potato leafhopper, consisted
of collections at two locations in the state and the
operation of air-sock traps at these two stations. One
of these traps was located at Sikeston and the other
at Columbia. Collections were made periodically by
sweeping alfalfa at both locations. Sweeping was
started at Columbia in the April 30-May 2 period.
The first Empoasca fabae specimen was collected
May 7.

PROJI:CT 269:

Insect Pests of Corn, Sorghum, and Stored Grains
M. L. Fairchild, H. E. Brown, J. E. Campbell,
A. J. Keaster, P. C. Stone

Report of Progress:
A. For the experimental plot a rectangular area
of heavily damaged corn was selected and disked to
destroy the remaining stalks. Three insecticides were
sprayed on the soil and immediately disked under
with a disk harrow. The experimental area consisted
of 64 rows 100 feet in length with the 3 insecticide
treatments and an untreated control being replicated
four times in a randomized design on plots 4 rows
wide. The treatments were applied June 19, 1959
and planted to Iowa 4570 variety of corn.
At the· time of planting, most of the wire worms
seemed to be approaching maturity; however, several small immatures were still to be found.
The insecticides and rates of application were:
(1) Heptachlor-339 ml. of material (25 percent
emulsifiable heptachlor) in 2 gallons of water and
sprayed over the four plots. (Equals 1.5 pounds technical per acre.) (2) 5727-452 ml. of material (15
percent emulsifiable 5727) in 2 gallons of water and
sprayed over the four plots. (Equals 1.13 pounds
technical per acre.) (3) 18133-1000 grams of 10
percent material was weighed out and applied in a
lawn seeder. The remaining material was we~ghed
and fo\md to be 361 grams with 639 grams actually
applied. (Equals 1.2 pounds technical per acre.) (4)
Check-These plots received no treatment.
B. Earworm Resistance. This project cooperated
with project 85, in the Department of Field Crops
in two phases of breeding corn earworm resistance.
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In the first phase, synthetic lines of corn have been
subjected to natural earworm infestations each year.
In the fall when the ears are harvested, only ears
which show evidence of earworms in the silk channel but no penetration on the ear have been saved.
The results thus far of this method of breeding for
earworm resistance are encouraging.
A second phase of the study with project 85
was one in which 450 entries were rated by the personnel on Project 269 for corn earworm resistance.
The entries in this experiment were selected lines
out of crosses between earworm resistant lines on
midwest lines. All entries were also rated for various
agronomic characteristics. The earworm resistance
was rated by estimating the average depth of earworm penetration in the ears harvested from each
plot. Approximately 10 percent of the entries had
average penetrations of less than ~ inch. All other
entries had average earworm penetrations exceeding ~ inch. This experiment is summarized in detail in the annual report for project 85.
C. In previous study of the mechanisms which
operate to limit the damage which the corn earworm
does to the dc;mble-cross F 6 xF 44 as compared to
WF 9 x38-11 it had become increasingly apparent by
1957 that plant morphology was the most important
factor involved. In fact, plant morphology remained
as the only logical explanation of the phenomenon,
other mechanisms having been eliminated systemati-

cally. A crucial experiment was planned for the 1958
season which, if successfully carried out, should
have settled the problem and demonstrated straight
forward! y the operation of the resistance mechanism.
This experiment w-as planted as planned but unusually heavy rainfall during late June and July
water-logged the soil in which the experiment was
situated and so interferred with plant growth and
that the experiment had to be abandoned. Accordingly the whole experiment was held over to the
1959 season and the test was finally carried out successfully.
D. Corn Earworm Control. A study was begun
to determine the effectiveness of three insecticides
for corn earworm, Heliothis zea, control during
heaviest periods of infestation in the southeast Missouri area. Approximately 2,000 acres of sweet com
were grown in this area during the season of 1959.
It seems appropriate that some insecticide tests
should be performed in this area.
Gold Rush variety of sweet corn was planted
June 6, 1959 for comparison of three insecticide
treatments for corn earworm control during the
period when moth flights were most likely to be
heavy. A heavier moth flight during the period selected had greater possibilities than an earlier date.
However, the variety of corn selected matured approximately 15 days earlier than maturity rating indicated due to hot, dry weather during the growing
period.
The three materials used were Sevin, DDT, and
Thuricide. DDT as a 25 percent emulsifiable concentrate was applied at the rate of two pounds per
acre. Sevin, a 50 percent wettable powder, was applied at the rate of two pounds per acre, and Thuricide (Bacillus thuringiensis), a wettable powder, containing 3 billion spores per gram was also applied
at the rate of two pounds per acre. An untreated
plot was left for each combined treatment.
E. European Corn Borer Parasite Survey. Each
fall the survey entomologists make an extensive survey to determine the fall population of the European corn borer. While making the survey, the larvae found are saved and sent to the European Com
Borer Research Laboratory, Ankeny, Iowa. Dr. G.
T. York and Mr. S. W. Carter isolate each borer and
rear out the parasites that may be parasitizing larvae.
During the fall of 1958, 661 larvae were collected and sent to the laboratory. The larvae from
different counties are put in individual containers
for shipment so the percent parasitization is known
for each county where larvae were collected.
F. An experiment was planned to evaluate the
effect that various insects have on the corn yield.

The .general approach was to time insect control applications with plant maturity on corn plots maintained in accordance with the desirable agronomical
practices. The insects usually met with in the com
fields are:
1. Soil insects: cut worms, grape colaspis, wireworms, white grubs, corn root worms, etc.
2. Insects damaging when the plants have 8 to
10 leaves per plant: corn fleabeetles, cut
worms, webworms, chinch bugs, leafhoppers, thrips, etc.
3. Insects damaging when plants have 45-55
inches extended height: corn flea beetles, cutworms, webworms, chinch bugs, leafhoppers,
thrips, grasshoppers, whorl feeding corn earworm, fall army worm, European corn borer,
etc.
4. Insects damaging when plants have tasselled:
European corn borer, fall armyworm, corn
earworm, grasshopper, etc.

Summary:
Soil treatment with Heptachlor showed an increase in the stand count taken on June 8. It also reduced the wireworm population in the soil, which
is evident from the observations recorded on June
22. However, it did not show an overall increase in
yield in the different plots. A possible explanation
for this may be that the average number of plants
per hill, which was 4, was more than that which
the soil nutrients for that hill zone could efficiently
support. Where one plant out of the four originally
planted, could not develop, the remaining three developed more efficiently and thus compensated for
the yield of the missing plant.
The malathion treatment did not give any control of the European corn borer. Cox et al, 1956, also reported that the rate of loss or deterioration of
malathion on treated plants was apparently too
rapid to leave sufficient toxic residue for good com
borer control.
One thing to be noted is that, although the percentage of infested plants was higher in the nontreated plot than the malathion treated plots, the
number of tunnels per 100 plants was greater in
malathion treated plots than in the non-treated ones.
It appears that although there was the difficulty to
the borer in the beginning in getting established in
the plants that were sprayed, once they bored in
they were able to damage the stalk at many spots.
Cox et al ( 1956) has observed more larvae and tunnels in malathion sprayed plots than in untreated
plots in many cases under similar situations.
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Table 1.

Effect of Soil Insecticides for Sand Wire Worm Control on Stand Count and Corn yield (Halford
Farm, LaForge, Missouri.)

Treatment
American Cyanamid 18133
Heptachlor
Hercules 5727
Untreated Control

Dosage
Lbs./Acre

Stand
Count

Yield (Bu./Acre)
15.5% lv\oisture

1.2
1.5
1.13

211
188
202
125

56.4
55.0
51.9
37.7

Significantly..!;
Different

.!/Duncan's Multiple Range Test- Any two values not connected by common line are significantly different
atP=.05.

PROJECT 270:

Factors Influencing Corn Borer Population
M . L. Fairchild, A.

J.

Keaster, B. D. Barry

Report of Progress:
A. The cooperative corn borer survey was again
conducted in New Madrid and Carroll Counties in
the same manner as in 1958. Some fields used in
1958 were not available in 1959. However, substitute fields were obtained in the immediate vicinity
whenever possible. The number of cooperators in
Carroll County was increased from 31 to 39.
The last observations on the survey fields were
taken after all of the fields had been harvested and
1 7 of the 24 fields had been either plowed, disked
or planted to another crop.
B. A study was initiated at Sikeston, Missouri
in 1959 to determine the effect of predators and
parasites on known borer populations. Dwarf U.S.
13 variety was planted for studies on both the first
and second broods. Six caged hills to keep off preda-

tors and parasites and six uncaged hills were compared for each brood.
In the first brood experiment, all plants were
artificially infested with one egg mass on June 12.
The plants were dissected July 23 to determine the
resulting population. The results are shown in
table 7. As shown in the table, there were 84 tunnels in six caged hills as compared to 60 tunnels in
the uncaged hills.
In the second brood experiment, the plants
were artificially infested with three egg masses on
August 3 and the plants were dissected September 9.
There were more borers and tunnels in the uncaged
plants than in the caged plants. However, a total of
seven Lydella grisescens pupae were found in the uncaged plants.

PROJECT 283:

Investigation of Plant and Animal Tolerance to Soil
Insecticides and their Accumulation and Decomposition in Soils
C. W. Wingo, R. 0. Batschelett

Objectives Included in This Report:
Objectives B and C
Report of Progress:
Objective B: The determination of plant and
animal tolerance for varying degrees of soil contamination.
The Rollins Farm soil plots, which were originally treated in June 1957 with 10 and 100 pounds
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of either Dieldrin or Heptachlor per acre were cropped for the third season with corn (Plot A) or soybeans (Plot B). Observations on germination and
growth were made throughout the season and yields
were measured at harvest. Germination and early

growth of soybeans in Plot B showed no effect from
any level of insecticide nor were yields significantly
reduced. The early growth of corn in Plot A was
again apparently affected by the higher levels of insecticide so that measurements of extended plant
height were necessary. No statistical differences were
found at time of tasseling. Corn yields were not
significantly reduced by any level of insecticide.
Soil samples from all replicates in both plots
were taken in June 1959 to determine insect activity
in the area. Check (no treatment) replicates yielded
no insect life when processed in a Berlese funnel.
This indicates the entire area is still devoid of insects and that no forms have been able to re-establish during the three years since soil treatment.
Objective C: Determination of insecticidal decomposition in cropped soils following initial ap-

plication of excessive rates.
The regular annual soil samples were taken
from all replicates for chemical and biological analysis on June 6, 1959. These analyses showed that
only 13 percent of the 10 pounds of Heptachlor applied in June 1957 remained in the soil in June 1959,
while approximately 25 percent of the 100 pounds
of Heptachlor was still present. Dieldrin was found
to be much more persistent with 31 percent of the
lO pounds of Dieldrin applied in June 195 7 present
in June 1959, and approximately 67 percent of the
100 pounds of Dieldrin was present. The above are
all approximate figures from both chemical and biological analyses. Since it has been established that
epoxidation of Heptachlor takes place in soils, determinations of Heptachlor epoxide are currently
being made by the analytical laboratory.

PROJ(:CT 309:

The Spotted Alfalfa Aphid
M . L. Fairchild
Progress Report:

Objective A:
Three varieties of alfalfa, Buffalo, Vernal and
Lahontan, planted in 1957 at Columbia were sampled for spotted alfalfa aphids during the summer.
Aphid counts were made August 12 and there was
no infestation on any of the varieties. Counts on
September 29 indicated the aphid populations on
the Buffalo and Vernal alfalfa ranged from 20 to 30
per sweep while on the Lahontan the counts averaged 5 and 6 per sweep. Another count October 30
showed approximately the same populations as September 29.
Fields were checked for aphids throughout the
summer. In general, the infestations were very light.
One field in southeast Missouri had 325 aphids per
• sweep during the week of July 20 to 25. However,
• this was only one 'small field and two adjoining
fields has less than 30 aphids per sweep. During the

week of October 19 to 24, one field in west-central
Missouri had 45 to 125 aphids per sweep. With the
exception of these two fields, there were very few
fields observed which had populations of 20 aphids
per sweep. Although the aphid populations remained quite low in 1959, the aphids spread over most
of the state by late summer.
Three weeks of heavy rainfall during September and October no doubt played a definite role in
limiting the aphid populations in Central Missouri.
Objective C: .
The spotted alfalfa aphid populations in 1959
did not warrant any type of chemical control in
Missouri. Neither were populations at Columbia
and surrounding areas heavy enough to justify chemical control studies.

PROJ(:CT 312:

Nematodes of Missouri
Lee Jenkins
Progress Report:

Objective A:
Soil samples were collected from areas in northwest Missouri, central Missouri and southern Missouri. Nematodes were extracted from the soil sam-

ples and permanent slides prepared. One-hundred
of these slides were sent to Mr. Jerry Thorne, Madison, Wisconsin, for identification.
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Observations were made to determine the importance of root knot nematodes on soybeans. A
field was observed where 30 percent of the plants
had been killed by root knot nematodes.
Soybean cyst nematodes caused from light to
severe damage to 2500 acres of soybeans in 1959.
Some fields were so severely injured that the crop
was plowed under in late June. In 1958 only a few
small spots were observed where the soybean cyst
nematode has caused recognizable damage.

Objective B:
Soil samples from a cotton field in southeastern
Missouri containing dagger nematodes were brought

into the greenhouse and cotton plants grown in the
soil. No results were obtained since there were no
living dagger nematodes remaining in the untreated
pots after growing cotton plants in the soil for two
months.

Objective C:
Research on nematode control by the use of
chemicals was continued with cotton and truck
crops at Diehlstadt in 1959. Observations were made
on nematode damage to soybeans and other crops
in southeast Missouri.

PROJECT 321:

Biology and Control of Carpenterworms and Associated
Borers in Missouri
W. R. Enns
No personnel being available this project was
inactive during the past year.

PROJECT 214:

Control of Cotton Insects in Missouri
Keith Harrendorf, D . R. Foster
Phorate granules applied as a side-dressing at
the rate of 3 pounds technical phorate per acre controlled spider mites on cotton for approximately
five weeks after application. After this time the population declined in the check plots to such a low
level it was impossible to determine the effectiveness of this material or method of application. There
were no significant differences in yield or maturity
resulting from the treatment.
Trithion and Ethion at .5 pounds, Delnav at
1.0 pound and Demeton at .25 pound per acre rates
gave effective control of spider mites attacking cotton in Southeast Missouri during 1959. Trithion appeared to be as effective at .25 pound as at .5 pound
per acre. Ethion at .25 pound per acre did not ade-

quately control heavy mite populations on large cotton. Delnav at .5 pound, Aramite, and Sulfur did
not give adequate control.
Several more recently developed miticides were
compared in field tests with materials used in the
past for control of spider mites on cotton. Trithion
at .25 and .5 pound, Ethion at .5 pound, Delnav at
1.0 pound and Demeton at .25 pound per acre rates
adequately controlled Tetranychus at/anticus and·
were superior to other materials and rates tested.
Effective control of a complex of T. telarius and T.
schoenei was obtained with Ethion at .5 pound, Tri·
thion at .25 pound, Delnav at 1.0 pound, and Chlor-·
obenzilate at 1.0 pound per acre rates.

PROJECT 102:

Insect Pests of Small Grain
H. E. Brown
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Objectives:
A. During 1959 several experiments were carried out on the use of insecticides to control
the Hessian fly. One fairly comprehensive
demonstration-experiment was completed
with final yield results being made in late
June and July. Some of this data appeared in
the report of 1958 but is being repeated
here so that direct comparisons may be made
between control data and yields. Of the 25
cooperative tests laid out, six or about 25
percent, did not get planted or for some reason furnished no data. The remaining 19, in
the main, showed high infestations of Hessian fly, 15 fields having an average of over
200 maggots per 100 plants. Grain yield
data would have been desirable from all of
these fields but in some cases good control
had not been obtained for some reason or
another, usually improper application of the
insecticide, and for this reason only 11 or 12
of the fields actually would have been expected to show the true effect of the treatment on yield of grain.
While grain yield was significantly reduced by the grazing programs this effect
was minimized where Hessian :B.y control
was carried out.
B. The experiments on Hessian fly control at
Columbia have all been carried out under
conditions of induced infestation. Infested
stubble from a field of high natural infesta-
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tion is collected in late July or early August
and stored under cool conditions (45 ° F.)
until needed. This infested stubble is spread
on the experiment, usually at or shortly after
planting, and the Hessian flies emerge in
due time and lay their eggs on the test
wheat. In this way it has been possible to
produce a measurable infestation in every
year without fail. The infestation levels
have been low but commensurate with the
amount of infestation material released. The
attempt has been made to study the effect of
controlling the Hessian fly at levels approaching those found on the average in
the random field. If yield increases can be
obtained from the control of low to medium
infestations the data would have more significance for the average wheat farmer.
The infested stubble had been scattered in the plots in a random manner in the
work from 1955-58 and fairly uniform infestations had been obtained. However, in
the plantings made in the fall of 1958 it was
decided to release the :flies along one end of
the plot only and to study the homogeneity
of the resulting infestations as related to distance from release point. Accordingly the infestation material was spread as shown in
the following diagram, the stubble being
scattered along one side of the experiment at
right angle to the long axis of the plots.

30:

Furnishing Missouri Farmers with Timely Information
on Insects and Their Control
H. E. Brown, W. R. Enns, Keith Harrendorf,
L. Haseman, Lee Jenkins, P. C. Stone, C. W . Wingo

Progress Report:
Throughout the growing season the research
staff of the department and the survey entomologist
supplied information for the entomology and horticulture extension releases to fruit, vegetable, field
crops and cotton farmers, pesticide companies and
the general public. This information on insects is
vitally important to growers of specific crops because the lack of control of but one pest might make
.
the difference between profit and loss.
The research staff worked directly and talked
with farmers and groups of people with specific insect problems, i.e., corn earworms control in sweet
corn (a report), cotton insects, animal pests, plant

nematodes, Hessian :B.y in wheat, stink bugs on soybeans, pests of commercial fishworm beds, shade
tree pests, boxelder bugs, termites, powder post
beetles, carpenter ants and household pests including ants, chiggers and mosquitoes, a survey on the
death of elm trees due to the bark beetle-Dutch elm
disease complex, honeybees, pesticides, identification
of mites, larval insects and adult insects.
Each research representative on the staff has
helped to answer all requests for insect information
on the life cycle and control of pests in his respective specialized field.
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t'ROJECT 31:

Investigations and Control of the Codling Moth
and Other Fruit and Vegetable Insects
W. R. Enns, L. Haseman, F. E. Wood, N. R. Holler

Objectives:
A. Apple Pests. In 1959, codling moths were
not as severe a problem as in the two preceding years. The principal insect problem
in apple orchards this year was the red banded leafroller. This had not been anticipated
and consequently early season chemical controls were not evaluated since no plans had
been made with this objective.
In the latter part of June reports were
received from Seymour and Exeter indicating that TDE, guthion, and parathion were
ineffective in controlling leafrollers. This
created an opportunity to try a bacterial
preparation known as Thuricide (actually
spores of Bacillus thuringiensis Berliner).
Replicated single tree plots were designated
and sprayed with an air-blast sprayer. Control trees consisted of those sprayed with
guthion. The following chart summarizes
the data obtained:
B. Grapes. No really serious insect problems
presented themselves in 1959 on grapes although moderate infestations of both grape
berry moths and mealybugs appeared in
most vineyards in the Rosati area. Harvest
was early enough to escape the third brood
of berry moths although some appeared
toward the end of harvest.
Residue data from the previous season's
work with diazinon were received too late
for inclusion in last year's report.
C. Vegetable Insects. Experimental dusts and
sprays were applied to various vegetables at
the Renz Farm, Jefferson City. All applications were made by prisoners at the institution.

Diazinon, 2 percent dust was applied
with a Root Jumbo Duster to the following
crops:
Cabbage
Cucumbers
Tomatoes
Snap beans
Dusts were applied at weekly intervals.
Except for cabbage worms and cabbage
loopers, these dusts were as effective as the
standard insecticide used on similar adjacent
plants which consisted of a mixture of lindane (1 lb. 25 W / 100) plus methoxychlor
(1 lb. 50 W / 100). There was little or no
control of cabbage worms and cabbage
loopers. Due to poor cooperation no actual
harvest data were obtained, the comparative
results being based entirely on visual observation.
D. Residues. Analyses of residues on various
crops were made and are reported in the preceding sections of this report.
Fourteen weekly reports to fruit growers were sent out to approximately 2000
growers and other persons concerned. This
covered the period from April 30 to July
30 inclusive. These reports are compiled
every Wednesday night and include reports
phoned in from all parts of the state. They
include current information on the insect
and disease situation on the various fruit and
vegetable crops produced in Missouri and
timely notices of changes in label registration and tolerances for various pesticides.

PROJECT 36:

Entomology Museum
H. E. Brown, W . R. Enns, L. Haseman,
P. C. Stone, C. W. Wingo, F. E. Wood, R. A. Hart
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Progress Report:

The entomological collections have been expanded by the following approximate figures:

Larval Insects

5,000
1,000
500
100
250

Other Arthropods

~

Adult Insects
Mites
Spiders
Crustacea

Total

6,900 specimens

The season of 1959 was a poor one for collecting entomological ( sens. lat.) specimens and is reflected in the comparatively low figure given above.
A normal-to-good year would show probably double
the figure cited.

However, since there is no room in the museum
for more specimens (except other than adult insects)
those acquired merely add to our already great
backlog of material inadequately stored in Schmitt
boxes and in papers. The new museum, when properly furnished, will or should, furnish adequate
facilities for proper curating of all our specimens.
To expedite this, part-time assistance has been secured to manufacture our own cabinet drawers (Cornell type) and it is hoped that 75 or more new steel
cabinets will be available in the new museum. It
will take more than this, however, since this will
only store that which is already curated in our small
museum room.

PROJECT 46:

Improving the Chemical Control of Arthropod Pests of Livestock
C. W. Wingo, Douglas Fickess
Progress Report:
H ousefty Control. New methods of housing and
raising livestock present additional problems in
housefly control which are not solved by current
recommendations. Such a problem occurred during
the summer of 1959 at the new Swine Testing Station just south of Columbia, Missouri. At this station swine are held in lots of 4-5 in rows of concrete floored and based shelters with manure and
waste disposal lagoons nearby. Sanitary conditions
are almost ideal and houseflies do not breed in the
area. However, the u~e of water-mist sprays in hot
weather and the natural attraction of swine and their
wastes to houseflies cause migration and concentration of flies which may be reared on nearby farms.
The use of the water-mist sprays and large amounts
of water in cleaning pens prevents the use of dry
baits or residual sprays in the lower levels of the
pens. Since flies were known to rest in the upper
portions of the shelters during various times, under
some conditions the use of residual sprays of organic
phosphate insecticides were indicated. The possibility of using treated, attractive artificial resting
places were also considered to be a practical control
measure. 'Since the swine station is composed of
four identical units two were used for the residual
spray applications and two were used for treated

resting strips. Pre-treatment fly counts were made
on five designated resting areas in each of the four
units. Additional counts were made every three to
five days thereafter to determine prevailing populations. Units I and II were treated with 1 percent
Diazinon as a residual spray. Units III and IV were
equipped with 6 foot bands of plastic foam material
treated with Dimetilan (5-(3 methyl pyrazolyl) N,
N dimethyl carbamate. These bands also contain an
attractant and afford artificial resting places for the
flies.
Cattle Warble Control. With two systemic insecticides currently on the market for cattle warble
control and several experimental compounds under
investigation throughout the United States much
attention has been focused on this method of control. Since it is evident that cattle warble populations are low in Missouri, it has been the concensus
of opinion here that grub control under these conditions may not be worth the necessary time and expense. An experimental-demonstration to study the
use of one of the materials was set up on a cooperative basis with the Worth County Extension Agent
and Mr. Clayton Ross of Denver, Missouri. The
Worth County area in extreme north Missouri was
chosen because of the possibility of having both
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common and northern cattle warbles present. The
Ross herd represented a fairly typical Missouri cow
herd operition in which all cattle are local in origin
and the steers and surplus heifers are fed out on the
farm while the cow herd is improved and increased.
A few steers were sprayed for grub control during
the 1958-59 season in order to become familiar with
the local conditions such as management practices
and grub infestation. Control was good with some
indication that the average grub count in the area
was less than 10 grubs per head.
Sheep Head Bot. Work of the Animal Husbandry Department with experimental systemic insecticide for internal helminth control in sheep has
afforded some opportunity to observe and investi-
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gate the level of head bot infestation in native sheep
and the effect of the systemic material on these hots.
Two lots of lambs were followed through the processing plant at St. Louis to check for infestation
levels and possible control afforded by the experimental treatments for internal parasite control. In
these preliminary observations no treatment effect
was measurable as far as the sheep head bot was concerned. Fall marketed lambs from all treated lots
were relatively free of the head bot. However, lambs
marketed in January showed 35 percent with dead
or living grubs in the sinus cavities. This infestation is somewhat higher than had been expected for
the Midwest and further study of rate of infestation
and possible loss is indicated.

74:

The Influence of the Different Elements and Plant Nutrients
on House Crickets and Other Insects
P. C. Stone, Dean Barry, L. Haseman

Progress Report:
During the past year the work in this project
was divided into four types of experiments. Experime'n t #13, '58 and Experiment # 1, # 3, #4, # 5 and
# 6, '59 compared the survival and growth of crickets living under identic:~;! crowded conditions and
subjected to either continuous light or continuous
darkness. Experiment # 2 continued the search for
parthenogenetic reproduction among the cricket
colony. Experiment # 7 was the most extensive and
consisted of inbreeding seven lines of large crickets
for 6 to 7 generations. Studies were made on sixtynine inbred pairs and their progeny. In Experiment
# 8 the variation in the weight at 30 days of age of
progeny from a cross of 4th generation inbred crickets was compared with results in Experiment#2, '58
in which general culture progeny had been reared
under nearly identical conditions.
A series of six nearly identical experiments was
carried out to determine the effects of crowded conditions and constant exposure to light or darkness
on growing crickets. This study was started late in
1958.
Each test consisted of rearing 100 day-old crickets for about a month (30 days or 39 days) in each
of 25 one-gallon glass jars. All 25 jars contained a
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floor of sand. In five jars the crickets lived on the
28 square inches of floor space made up of dry sand
and did not have any vertical shelter. The other four
sets of 5 jars each had in addition to the 28 square
inches of floor area 45 , 72, 99, or 115 square inches
of vertical · shelter provided by one, two, three or
four-egg crate fillers. Nymphs used in these tests
were provided with Cerophyl and tap water as soon
as they hatched. The nymphs remained on this diet
for about 24 hours before an experiment was started. In each of the six experiments the day-old crickets were fed a diet of ground Gaines dog food plus
Cerophyl plus distilled water. The total darkness
and the continuous light tests were conducted in
the same room and the 25 jars were randomized in
each test. The jars in the darkness tests were kept in
a wooden temperature cabinet held at room temperature. The jars of the continuous light test were
randomized on a platform above the laboratory
bench in the cricket room. Two 200-watt ceiling
lights, eighty inches apart, were located 60 inches
from the top of the jars. These lights remained burning 24 hours a day throughout the test periods.

FIELD CROPS
Emmett L. Pinnell, Department Chairman

PROJECT 203:

Breeding and Genetics of Oats
J.

M. Poehlman, Charles Hayward, D . T. Sechler,
A. L. Matson, Carl Hayward

Objectives:

Yield tests

Winter oat breeding is divided into two phases:
(a) the selection and preliminary evaluation of new
strains, and (b) testing varieties and advanced strains
for yield. The selection work has been carried out
at Columbia where winter temperatures are sufficiently severe to provide good screening. The yield
tests are grown at Pierce City and Sikeston, in the
areas where winter oats are grown commercially.

Yield tests of winter oats are conducted at
Pierce City and Sikeston in the areas where winter
oats are grown commercially. The yield tests include the new strains selected from the hardy x
hardy crosses as well as the U.S.D.A. uniform oat
nursery.

Selection and preliminary evaluation of strains:
A number of winter oat bulks, involving crosses
between winter hardy varieties (hardy x hardy), have
been sent to Missouri and other states by Mr. F. A.
Coffman, U .S.D.A. for preliminary evaluations.
These crosses have been subjected to severe screening for hardiness at Columbia due to the severity of
our winters in which the best winter oat strains
seldom survive more than 40 to 70 percent. After
growing from three to five years at Columbia, selections from surviving plants have been made and
grown in progeny rows or head hills. The superior
lines are eventually advanced into yield tests. Results thus far indicate that we are isolating strains
with greater hardiness than the best varieties heretofore available, although many of the hardy lines are
poor agronomic types.

New crosses
In the spring of 1959 a number of crosses were
made between the most hardy winter oat selections
in order to start a second cycle of material from
which selections might be made. It is hoped that
further transgressive segregates for hardiness may be
obtained from this material.
In addition several composites, each made by
mixing seed of several hardy strains or varieties, or
hardy bulks from advanced generation hardy x
hardy crosses, were irradiated and planted. I.t is
hoped that the irradiation may induced sterility sufficient to obtain considerable outcrossing among
these resistant components of the composite. In
other words the irradiation is being used as a tool
for mass hybridization between hardy lines, from
which it is hoped segregates with greater hardiness
may be selected.

PROJECT 213:

The Improvement of Pastures with Legumes
E. M. Brown, Carl Hayward, Raymond Hicks
Obje~tives:

To determine which legumes to use with adapted grasses for profitable pasture production under
different conditions of management, soil, weather
and use,

Report of Progress:
At Columbia, disease continued to reduce the
stand of birdsfoot trefoil sown with timothy and
bluegrass in 1955. Ladino, reestablished in 1957 by
seeding in untilled orchard grass, increased in stand.
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Heifers gained 167 pounds per acre on the timothybluegrass-birdsfoot trefoil pasture and 189 pounds
per acre on the orchard grass-ladino pasture.
At Lathrop, stands of ladino reestablished in
1957 by seeding in untilled pastures were: 77 percent in orchard grass; 79 percent in bluegrass; and
58 percent in brome grass. Steers gained 329 pounds
per acre on the orchard grass-ladino pasture; 330
pounds on timothy-bluegrass-birdsfoot trefoil; 326
pounds on bluegrass-ladino; 269 pounds on bluegrass fertilized with ammonium nitrate; 276 pounds

on brome grass-ladino; and 152 po.unds per acre on
bluegrass-lespedeza, the only Lathrop pasture never
fertilized with phosphate.
At Sikeston, steers gained 343 pounds per acre
on the orchard grass-ladino pas!ure and 322 pounds
per acre on the orchard grass-alfalfa pasture.
At Pierce City, heifers ga-ined 201 pounds per
acre on tall fescue-lespedeza pasture, 183 pounds on
orchard grass-birdsfoot trefoil, and 180 pounds per
acre on wheat-lespedeza.

PROJI:CT 220:

Improvement of Varieties of Grasses for Use in Missouri Pastures
E. M. Brown, Carl Hayward, Raymond Hicks

Objectives:
To compare new species and varieties of forage
grasses made available by plant introduction and by
plant breeding with species and varieties now in
use to determine their value for pasture, hay and
grass silage in different climatic regions and on different soils in Missouri.
Three Texas experimental sudangrass hybrids
gave larger forage yields than any of the other 12
varieties with which they were compared.
Potomac and Iowa-6 were highest yielding of
12 varieties of orchard grass tested, but yield differences were small.

Kentucky 31 and Alta produced larger yields
of forage than the 4 other varieties of tall fescue
tested.
Wisconsin 55 was the highest yielding of 8
varieties of brome grass tested at Lathrop; Southland produced the largest yield of herbage at Sikeston.
Two Canadian varieties (Ottawa Syn. 1 and
Syn. 2) were highest yielding of 8 varieties of reed
canarygrass tested at Lathrop and Columbia.

PROJI:CT 221:

Breedi(1g to Develop Superior Varieties of Birdsfoot
Trefoil and Annual Lespedeza
J. D.

Baldridge

Objectives:
A. To develop varieties of trefoil superior to
present varieties in disease resistance, a seed
production, and other agronomic qualities.
B. To develop more aggressive and more productive varieties of lespedeza.

Report of Progress:
Variety performance tests: Differences in yield
and persistence between varieties or strains within
European or within Empire have been small and inconsistent. Among the Empires, Iowa (3rd genera72

tion) has slighdy outyielded the commercial. In these
hay harvested plots the European strains outyielded
the Empire strains; however, different results might
be expected under pasturing. All of the commercial
varieties and strains that have been tested show a
serious lack of persistence under Missouri conditions.
In a 4-year-old test, Beltsville 33-52 was highest
in stand survival and Missouri 35 was highest in
seed production. Iowa 3rd generation Empire was
superior to ordinary Empire in yield and stand. In a
3-year-old test, French and Italian were highest in

stand survival. In a 6-month-old test, Md. Syn. 34408
was superior in ability to germinate rapidly and
establish good stands.
Stand losses were heavy in 2-year-old spacedplant nurseries, averaging 72 percent for commercial
Empire and 53 percent for commercial European.
Losses this season in drilled row and solid plantings
were less severe than those in spaced-plant nurseries.
Susceptibility to root rot disease appeared to be the
most important factor in the decline of stands. Summer killing was far more prevalent than winter killing, and both were heaviest on the wetter soil sites.
A special longevity test was planted April 4,
1959, to study stand losses in 4 varieties under 2
cutting treatments. Death losses in the seedling year
were negligible, root rot was minor ( 14 percent of
the plants showed traces of early infection), and
foliage diseases and competing weeds were almost
entirely absent.
The herbicides, EPTC, dalapon, and 2,4-DB
were very helpful in controlling weeds during establishment of new tests.
Breeding new strains: As the result of extremely
heavy losses of breeding material since 1955 from
continued attacks of root rot, the development of
long-lived disease resistant or tolerant strains has become the major objective of the breeding project.
In 2-year-old clonal tests, the survival of Empire and European commercial varieties was 27 and
45 percent, respectively, while that of clones selected out of Empire and European averaged much
higher, with many clones reachi~g 80 to 90 percent
or more.
In 2-year-old tests of single crosses of selections
from Empire, the survival of Empire commercial
was 37 percent, whereas the single crosses averaged
66 percent and some were as high as 80 or 90 percent. There was some evidence for differences between the reciprocals of crosses. Correlations between first year growth and vigor and second year
growth, vigor, or survival were low and non-signifi-

cant. Correlations between growth, vigor, and survival in the last half of the second year were high,
and significant. (.01)
Additional clonal tests were put out in the
spring of 1959 to evaluate 198 new selections made
at Columbia in progenies of selected Empire and
European clones, and to evaluate 39 clones selected
for persistence at Beltsville, Maryland.
Additional single crosses of selected clones were
transplanted to the field June 19, 1959, but the test
failed because of prolonged drouth after planting.
Irrigation facilities would prevent such losses of
valuable materials.
From the Missouri selections, 25 clones of Empire and 29 of European; and from the Beltsville
selections, 50 clones of European and 2 of Empire,
were brought into the greenhouse in November.
These are clones which are superior in persistence,
on the basis of present information. They will be
kept in 3 groups and randomly interpollinated to
start the next cycle in recurrent selection. In addition, 3 experimental synthetics will be started by
single-crossing 4 clones within each of the 3 groups.
A fourth synthetic will be started by crossing two
single crosses selected from the 1959 field test.
The great variability between clones in abundance, date, and duration of blooming creates difficult problems in progeny testing and in the synthesis of varieties.
Annual Lespedeza: New strains of lespedeza
yielded 24 to 40 percent more forage and 30 to 40
percent more seed than Korean in cultivated drill
rows. Tentative plans are being made to release one
of these strains, Hl0-5, which is productive and relatively resistant to tar spot (Phyllachora lespedezae),
and to bacterial wilt (Xanthomonas lespedezae.)
New lines selected from Korean, Rowan, Iowa
6, P. I. 82099, and Climax for resistance to tar spot
held up in resistance under epiphytotic conditions
in the field.

PROJECT 241:

Alfalfa Improvement Through Selection and Management
Emmett Pinnell, Carl Hayward, Raymond Hicks

Objectives:
A. To conduct variety and strain tests on a state
and regional level to provide a basis for
varietal recommendations and to identify
promising material for a breeding program.

B. To evaluate varieties and strains for differential tolerance to wet, poorly drained soils.
C. To study the effect of certain management
practices on the survival and productivity of
different varieties.
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New Varietal Trials:
1. Columbia-On April 22, 1959 a new trial of
10 varieties was seeded using Eptam as a pre-emergence herbicide to aid in· establishment. The main
purpose of this trial is to compare Cody with Buffalo and other standard varieties and to Compare 4
commercial alfalfas with Cody and the recommended varieties. Seedling establishment and survival
during the season was rather satisfactory in spite of
the lack of rainfall during July and August. No forage yields were taken.
2. Columbia-A "water tolerance" test (see objective B) was seeded on September 4. It consists of
17 varieties in a randomized complete block design
with 6 replications of single row plots 16 ft. long
and one foot apart. Each block was brought to level
grade and fertilized with 1000 lbs. of 4-24-12 per
acre prior to seeding. The varieties were chosen to

represent a wide range of performance for growth
habit and speed to recovery after clipping. Irrigation was used to obtain satisfactory stands of all
plots. In the spring of 1961 the plots will be thin·
ned to uniform stands. Present plans are to apply
repeated irrigations on 3 blocks during 1960 and on
the remaining 3 blocks during 1961. Differential
varietal survival will be determined at appropriate
intervals during the life of the stand.
3. Mount Vernon-1 7 varieties were included
in a replicated broadcast seeding made in late summer at the new Research Center to replace the trial
at the Pierce City Field on which the University
terminated its research January 15, 1960.
4. Bragg City -17 varieties were seeded on
gumbo land in the Missouri delta area.

PROJECT 261:

The Cytogenetics of Wheat
E. R. Sears, M. Okamoto, M. Muramatsu,
A. Acosta, L. M. Steinitz-Sears

Results:
A. Hairy-neck translocations. Following X-irradiation of plants possessing a small, added isochromosome that carried the hairy-neck gene of rye,
1589 seeds had been obtained. When these were
grown 1530 plants were obtained, of which 242
were hairy necked. Cytological analysis showed that
51 of these had possible translocations involving
hairy neck. Further tests of 34 of these revealed that
19 actually possessed the rye chromosome or a derivative of it and hence did not have hairy-neck translocations. The remaining 15 almost certainly had
translocations involving hairy neck, but in every
case the translocated chromosome was present as
an addition to the normal chromosome complement,
rather than substituted for one normal chromosome.
However, two different translocated chromosomes
were apparently recovered as substitutions in the
next generation: Most of the reconstituted chromosomes appeared to have a centromere from rye rather
than wheat, suggesting that the hairy-neck gene
may be very close to the centromere.
B. Stem-rust resistance from rye. Efforts of Mr.
Acosta to induce transfers of stem-rust resistance to
wheat chromosomes using X-rays have thus far
been unsuccessful. Spontaneous translocation involving the rye chromosome apparently occur, however. Substitutions of the rye chromosome for an as
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yet unidentified wheat chromosome (or chromosomes) have also been obtained.
C. The chromosomes carrying transferred genes.
The wheat chromosome carrying an intercalated
segment of an Aegilops umbellulata chromosome responsible for leaf-rust resistance has been identified
as X. This was determined by analysis of the pairing in a plant with the translocated chromosome
and the original umbellulata chromosome but no
normal chromosome X. Through classification of
F 2 populations from crosses of monosomics with a
Cornell variety carrying hairy neck from rye, the
gene for hairy neck was shown to lie on chromosome IV.
D. The Aegilops caudata substitution. A line
produced in Japan is male sterile because it has
wheat chromosomes in Ae. caudata cytoplasm. A
particular chromosome from Ae. caudata is capable
of restoring male fertility to this material. This
chromosome tends to substitute itself for a particular wheat chromosome, which Mr. Muramatsu finds
to be chromosome XVII. The evidence to date
favors the conclusion that the particular caudaf4
chromosome tends to pair with chromosome XVII
in wheat x Ae. caudata hybrids, with the result that
crossing over occurs and the chromosome actually
substituted is only partly from Aegilops.

E. The VI, v2, v3series. Previous work showed
that chromosomes XII and XVI tend to suppress
the effect of the virescent gene v on the homoeologous (related) chromosome III. This was attributed
to the existence of a triplicate series of V genes on
these three chromosomes, one of which had mutated
to v. Studies of nullisomic-XVI, tetrasomic-III plants
tend to confirm this hypothesis. Those plants with
two doses of v are similar to homozygous virescent
even though two doses of V on chromosome III
have been substituted for two doses of the hypothetical V on XVI.

F. Derivatives of a dicentric chromosome. Direct
observation by Dr. Steinitz-Sears of the kinds of
chromosomes derived from a spontaneous dicentric
chrombsome showed that the types expected from
the results of X-ray and ultraviolet studies were
actually produced. Particularly, the dicentric was
rarely, if ever, lost, but gave rise either to two
monocentric chromosomes, through breakage of the
anaphase bridge and healing of the broken ends, or
to one effectively monocentric chromosome, in
which the intercentromeric region had been greatly
shortened.

PROJI:CT 310:

Hybrid Corn Testing Service
M. S. Zuber, 0. V. Singleton
Results:

The climatic conditions of the 1959 growing
season were very favorable for corn. The estimated
average yield of 55 bushels per acre is exceeded only
by the record yield of 56 bushels established in 1958.
Stalk lodging was high in most areas of the state.
Although the rainfall was below normal, in the
Central area the results of the yield trials were good.
This was the second year when tests at all 19 locations were planted and harvested.

The highest acre yield was obtained at the
Kirksville location and the lowest at Higginsville
and Caruthersville. Numerous open and closed pedigree hybrids have been tested for a 3-year period.
From this list a number of hybrids can be selected
with high yield and good lodging resistance. (See
Missouri Station Bul. 744, Missouri Hybrid Com
Yield Trials 1959.)

PROJ I:CT 322:

Diseases of Cotton of Missouri
M.D. Whitehead, 0. H. Calvert
Objectives:

A. To determine the diseases of economic importance to cotton of Missouri and to describe those found to be new.
B. To make crop yield loss estimates due to
diseases of cotton in Missouri.
C. To determine the resistance rating of present breeding lines and varieties to the common diseases of cotton, to search for high
types of resistance and to cooperate with the
plant breeder in the development of new,
more resistant lines.
D. To determine the optimum and limiting environmental factors for disease development,
to search for cultural methods of control
and to obtain information on the etiology

host-parasite relations and epidemiology of
the diseases of cotton.
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 inoculations
for inciting epiphytotics and to develop new
techniques for the study of diseases of cotton.
Progress Report:

Missouri's estimated cotton disease loss of 32.6
percent of the expected yield in 195 7 was still the
highest loss yet reported across the cotton belt. Mis75

souri's location at the northern limit of cotton production makes for a short season.
Farmers are generally required to plant while
the soil is too cool for rapid seedling growth and
consequently, optimum conditions prevail for heavy
losses from seedling invading pathogens.
Cotton disease losses have been determined by
the use of disease surveys that determine the area of
infection of the different diseases and the comparison of lines differing only in disease susceptibility.
The major cotton diseases that occurred in Missouri amounted to a loss of $26,000,000 income in
1959 to the farmers of Southeast Missouri. Besides
the pounds of cotton lost, disease is a major factor
in grade reduction.
This loss, due to diseases, occurred even though
the growing conditions were generally unfavorable
for disease development. Early spring weather conditions prevented planting until the soil had warmed to almost the optimum temperature for rapid
plant development. The dry, clear harvest conditions prevented excessive losses from boll rotting
microorganisms.
Fusarium wilt (F. Oxysporum F. Vasinfectum)
appeared with slightly less severity than last year

in most areas of Southeast Missouri during 1959.
A slight, general decline has been noted since 1957.
This decline probably can be attributed to the increase in planting of more tolerant or resistant varieties on severely infested fields. This is especially true
since the introduction of Auburn 56 and Rex. Three
Missouri strains, 58-438, 58-432, and Auburn 56 and
Rex produced the higher lint yields in the heavily
infested fields at Diehlstadt.
The existing variation pertaining to both the
agronomic and quality characteristics within Auburn 56 has been demonstrated on numerous occasions. Selection within such a population can provide a rapid means toward varietal improvement in
terms of local adaptability. This is demonstrated by
resultant selections from Auburn 56 populations
where selective pressure was applied toward securing earlier maturity, greater production, improved
spinning properties, and other agronomic characteristics while maintaining the fusarium wilt resistance, root knot nematode tolerance, and the general
quality characteristics of Auburn 56. Selections also
are being made to improve the resistance to bacterial blight.

PROJECT 331:

Mutation Studies in Arabidopsis thalina
Gyorgy Redei

Objectives:
A. Study of gene action on the metabolic level
B. Analysis of loci favoring plant vigor
C. Genetic mechanisms in heterosis
D. Evolution of dominance
The data available permit to make some conclusions about gene evolution. In Arabidopsis (1)
probably an early flowering race gave rise to vigorous late mutants. The late recessive alleles developed
semidominant or dominant characters through secondary mutations operating as modifiers. (2) There
is no experimental evidence for the opposite direction of evolution. On a purely theoretical basis it
might be assumed that in late forms early mutants
arose and became established (standard wild race).
The X-ray treatment would knock out the genes
functioning for earliness and their absence results in
late mutants. The experiment showed that the "late

mutant x late wild" crosses yield a large number of
early segregates that can not come from the late mutant but must be associated with chromosomes of
the "late wild" that are free from late genes. Furthermore, the late mutant alleles cannot be classified as
inert alleles because e.g. recessive gene co is considerably later than co+under long day condition, but it
is definitely earlier and dominant in short days.
The possibility of obtaining vigorous mutants
in photoperiodically sensitive organisms may be exploited for plant breeding. Since the population
studies demonstrated that the "vigor" alleles may
practically eliminate the wild alleles and at the same
time produce a higher amount of seed and green
mass (or solids). Similar mutants in a pasture crop
may have definitive practical value.

PROJECT 332:

Weed Control and Crop Defoliation in Cotton Production
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0. Hale Fletchall, Raymond Hicks
Objectives:
A. To discover more effective and more efficient
chemical and cultural methods of weed control in relation to cotton production.
B. To discover more effective and more efficient methods of defoliating cotton.
Report of Progress:

A. The Value of Some Chemicals for Pre-emergence Weed Control in Cotton.
Experiments designed to evaluate certain preemergence herbicides on three major soil types of
Southeast Missouri revealed the following comparisons:
1. Zytron at the 10 lb/ A rate and simazin at the
1 l/2 and 2 lb/ A rates caused a significant reduction in the stand of cotton on sandy and
sandy loam soils. No treatment caused significant stand reductions on sharky clay soil.
2. All treatments resulted in a substantial reduction in the number of weeds occurring
in the treated band. The herbicides least effective in controlling weeds include Zytron
and Trietazine. The herbicides most effective
in controlling weeds include: Dicryl, CIPC,
chlorazine, and simazin.
3. In the experiments on sandy loam or clay
soils, where adequate weed populations were
encountered, the least effective treatment
(Zytron at the 10 lb/ A rate) reduced the hoeing time per acre by 9.4 hours. The most effective treatment (Dicryl at the 4 lb/ A rate)
reduced the hoeing time by 27.0 hours per
acre as compared with that of the check.

4. There appeared to be a definite correlation
between the yield of cotton in the various
treatments and the influence of the herbicide
on (a) the injury to the cotton plants and
(b) the early weed competition. On sandy
soil where there was little competition from
weeds, no treatment increased the yield of
cotton over the check. Those materials causing heavy injury to cotton on sandy and
sandy loam soils generally caused reductions
in the yield of cotton. The materials resulting in the best over-all action include: CIPC,
Dicryl, diuron, chlorazine, and, on the sharky
clay soil, simazin.
The Value of Some Chemical Treatments for Cotton
Defoliation.

Several defoliants that have shown promise for
causing leaf drop in cotton were evaluated on Dexter sandy loam at Sikeston and Dexter sandy at
Malden. The outstanding defoliants at the Sikeston
location were Shed-A-Leaf and De-fol-ate. The differing results of amino triazole (Amitrol) at the two
locations appears to be characteristic of this material.
At the Malden location, Def, De-fol-ate, and ShedA-Leaf gave slightly less leaf drop than comparable
rates at Sikeston. This difference was due to dead
leaves remaining attached to the stalks at Malden
where little or no rain fell between treatment and
leaf counts. Regrowth was abundant on all plots,
and, although Amitrol in mixtures with other defoliants reduced regrowth, no treatment adequately
controlled it.

PROJECT 351:

1-/ybrid Sorghum Testing Service
M. S. Zuber, 0. V. Singleton, A. C. McBride
Results:

Acre Yields for hybrid sorghums averaged 1530 bushels higher in yield than the older standard

varieties. A considerable range in lodging existed
among the hybrids tested. From the results of these
tests farmers have a number of commercial hybrids

from which to select hybrids with high yields, good
lodging resistance and other desirable agronomic
characteristics. (See Missouri Station Bul. 745, Sorghum Performance Trials in Missouri 1959.)

PROJECT 376:

Factors Affecting Soybean Seed Quality
77

L. E. Cavanah and D. Green

Objectives:
1. To study the effect of growing conditions

2.

3.

4.
5.

during seed maturation on the subsequent
seed quality as measured by laboratory and
field tests.
To determine the effect of harvesting, processing, and handling procedures on seed
quality.
To correlate seed injuries identified in germination tests, with subsequent plant development in the field.
To study the extent and nature of seed-borne
infections.
To explore the possibilities for developing a
germination technic similar to the cold test
for corn.

Report of Progress:
Objectives 1 and 2 Combine Harvest Study:
Harosoy and Shelby were grown in separate
but adjacent plots. Combine harvests were made of
Harosoy on September 12, 14, and 17 and October
20. Similar harvests were made of Shelby on September 16, 17 and October 20. At each of the machine harvest dates a hand harvested sample was
taken by pulling pods from random plants in the
same rows.
Duplicate hand-harvested samples were also
taken from each variety at 5-day intervals beginning
August 19 and ending October 18. The beginning
date was approximately 40 days after blooming.
Standard laboratory germination trials with 4
replicates of 50 seeds were conducted on the machine harvested samples and the hand harvest check.
Shelby germinated better than Harosoy as indicated by germinations of 88.3 and 74.2 percent respectively. In general, the seed harvested at the
lower cylinder speeds 500 and 700 r.p.m. germinated better than seed harvested at 900 r.p.m. cylinder speed. The hand harvested seed was expected to
germinate better than machine harvested and for the
Shelby variety this held true. However, Harosoy
hand-harvested seed was slightly inferior to machine
harvested. Results not fully analyzed may explain
these circumstances. The "hard seed" percentages of
Harosoy in the germination tests appeared somewhat
higher in hand harvested seed. One may speculate
that many of the larger seeds broken during combining (broken seeds of less than +2 the original
are not included in the germination test) were of
lower quality and that the smaller unbroken seed
tended to be scarified. That the large seed may be
the class most likely broken during combining is
borne out by a frequency distribution. The hand78

harvested seed contained a higher proportion of the
larger seed sizes than did the machine harvested seed
lots.
Hand-harvested samples taken at 5-day intervals beginning at about 40 days after blooming were
germinated in standard laboratory tests. It was expected that this type of sampling should reveal the
approximate time of physiological maturity for the
two varieties. The fact that the early harvested samples were about as high in germination as those harvested somewhat later may indicate that the point
of physiological maturity does not coincide with
maximum germination. Weight-per-100-seed determination (not shown) indicated that maximum
seed size was not reached until about 10-20 days
after the sampling was started.
The wide difference in average germination of
the two varieties is probably a reflection of their relative maturity differences. Harosoy is normally one
week to 10 days earlier than Shelby. The period of
seed maturation for Harosoy may have coincided
with the high temperatures prevailing during August. Soybean breeders have long been aware of the
inverse relationship between seed quality and high
temperatures during seed development.

Date of Planting Study
The varieties Harosoy, Shelby, and Clark were
grown in each of seven dates, April 15 to July 15.
Three replicates within dates were available for
study. Unfavorable moisture conditions caused poor
stands in two of the dates and virus infection was
present in the last two dates. Sufficient plants were
available in all plots, however, to justify use of the
material for seed quality studies. Date of mid-bloom
and date of maturity were recorded on each plot. At
maturity, a sample of one foot of row length was
harvested for hand shelling to minimize seed injury; the remainder of each plot was harvested separately on the same day. Thus, two samples from each
plot are available for study. The seed has been
germinated but the analyses are not complete. Seed
notes taken prior to germination include seed size,
percent moisture, percent damage, incidence of mildew and purple stain, wrinkling, cotyledon color,
and weather damage. Samples were sent to Urbana,
Illinois, for determinations of Iodine number, percent oil, percent protein, percent and kinds of fatty
acids, and percent and kinds of sugar.

Objectives 3, 4 and 5
Data available are insufficient to report at this
time.

PROJ I:CT 388:

An Evaluation of the Effect of Natural Growth Substances and
Other Chemicals on Bud Activity of Perennial Weeds,
With Emphasis on the Offset Bulb of Wild Garlic
0. Hale Fletchall, F. S. Davis, E.
Objectives:
To determine the mechanisms regulating bud
activity in troublesome perennials in the North
Central Region by:
A. Relating the effect of chemicals which stim·
ulate or inhibit bud activity on the vegetative bud of the species being studied to the
effect of these chemicals on other types of
vegetative buds for which the mechanisms
controlling bud activity have been partly or
wholly established, andB. Enumeration of the growth substances present in these vegetative buds, elucidation of
the trends in their concentration as the rest
is broken, and determination of their effect
in breaking, inducing, or prolonging dormancy.
Report of Progress:
A. Application of 2,4-D and 2,3,6-TBA caused
extensive damage to the reproductive bulb types of
wild garlic. Two general morphological effects,
necrosis and shrinkage, were observed on all bulb
types.
Developing minor offsets were eliminated by 4
lb/ A of 2,3,6-TBA and were extensively damaged by
2 lb/ A of 2,3,6-TBA and 2 lb/ A of 2,4- D. Second
treatments caused approximately the same degree of
damage to remaining bulbs as the original treatments. Normal minor offsets were produced on
plots treated with 2,3,6-TBA at 4 lb/ A one season
after treatment.
Resting minor offsets produced during previous
seasons were unaffected by these herbicides.
Major offsets were slightly more resistant to
2,3,6-TBA than were terminal bulbs, and equally
susceptible to 2,4-D. Application of 4 lb/ A of 2,3,6TBA to a natural population resulted in an increase

J.
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in the proportion of major offsets present in the surviving population.
The percentage of major and terminal bulbs apparently not damaged by herbicides 45 days after
treatment approximated the percentage of plants remaining 7'12 months after treatment in single herbicide treatments by the sampling methods used.
There was a tendency for both terminal and major
offset bulbs to be damaged less severely by the second application than the first application.
B. Heavy spot treatment of large, vigorous
clumps of wild garlic with 2,3,6-TBA eliminated all
established plants quickly but had little effect on
minor offset bulbs germinating approximately 10
months after treatment. Germinating minor offsets
re-established over 50 percent of the original stand
after elimination of all active plants.
C. Extracts from resting minor offset bulbs inhibited the growth of pea root sections at high concentrations and promoted it at low concentrations.
D. The rest in the minor offset bulb is due to
two factors: (a) the tough, impermeable, outer protective leaf, and (b) an internal physiological system.
Both of these factors operate in every population.
The outer protective leaf is apparently more important in prolonging the rest in some seasons of
the year than in others.
The rest can be regulated by the application of
the following chemicals: Diethyl ether, glutathione,
ammonium thiocyanate, 3-indoleacetic acid, a-napthaleneacetic acid, and thiourea. Response of wild
garlic to these chemicals is unlike the known response of buds of other species.
The rest appears to be somewhat responsive to
temperature differences of the germinating media
and to removal of the outer protective leaf.

PROJI:CT 19:

Improvement of Missouri Farm Seeds
79

L. E. Cavanah, Viola Stanway, W. E. Aslin,
F. E. Forsythe, Carl Hayward, Emmett Pinnell

Progress Report:
CERTIFIED SEED PRODUCTION AND
DISTRIBUTION
Conditions were again favorable for crop production over most of the state in 1959. Due to the
releasing to certified growers of three new soybean
varieties and one new oat variety, certification was
requested on 31,495 acres.
During the time these seed fields were inspected, just prior to harvest, seed yield estimates were at
near records. The final number of bushels or pounds
of seed finally certified, however, will be consider-

Crop

Acres
Inspected

Rye
Barley
Wheat
Oats
Rice
Grasses
Sorghum

21
1,623
6,541
990

Hy. Corn
Soybeans
Cotton

791
15,338
5,569
31.495

44
426
152

ably lowered due to the hazardous conditions during the fall growing and harvesting season. This
was especially noticeable with the Shelby soybean
(a new release) in northern Missouri where the unfavorable growing conditions prevented the seeds
from maturing normally and resulted in low quality
seed with low germination.
The certification summary of seed certified in
1959, the estimated value and the estimated acreage
this seed will plant is as follows:

Bu., lbs.,
Tons
Certified

Dollar
Value

None
44,840 bu.
129,052 bu.
19,428 bu.
2,640 bu.
93,750 lbs.
*134,000 lbs.
*20,000 bu.
*163,000 bu.
*1,200 T.

Sufficient to
Plant - Acres

None
94,164.00
451,682.00
31,085.00

None
22,420
80,650
7,770

5,280.00
10,950.00
13,400.00

1,320
9,375
26,800

170,000.00
570,500.00
216,000.00
1,563, 061.00

125,000
217,330
80,000
570,665

$

*Estimated figures

In addition to the Missouri certified seed production, Interstate certification was preformed on
some 5,000 bushels of small seeded legumes. This
seed was from fields inspected and certified by another state. The Interstate certification was carried
on to aid in merchandising the seed in containers
mo~e applicable to the area trade.
Seed Testing Laboratory
A total of 10,402 tests were made by the Seed
Testing Laboratory in evaluating the potential value
of planting seeds. This was a slight increase over the
previous year and was due to the increased acreage
under certification. Seed samples received from
County Extension Agents and others who teach the
great value of quality planting seeds remained about
the same.

Agriculture, Cotton and Cordage Fibers Division.
Rates and dates of planting were included as well as
additional strains of the three different crops. The
first plantings were made June 2, in a wet soil.
Stands were not uniform from these plantings as
there was only .2 of one inch of rainfall during the
remainder of the month and into the first half of
July. Weeds were much more completitive in 1959
as the stands were erratic and did not offer the shading effect as a means of control. The second plantings failed to emerge due to the extreme dry weather
that existed at that time.

Missouri Seed Improvement Association
Total Samples Received
Germination Tests

New Crops Research

Detailed Purity Tests

2,561
1,534
1,493

The fiber crops kenaf, hamp, and crotolaria
were tested on a much broader basis in 1959 in cooperation with the United States Department of

Examination for No~ious Weeds
Varietal Identification

1,727
2,561
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Experiment Station and Missouri Farmers
Total Samples Received

1,207

Total
Total Samples Received

Germination Tests

1,094

Termination Tests

2£ .6J.! Samples
3,768
3,628

Detailed Purity Tests

202

Detailed Purity Tests

1,695

Examination for Noxious Weeds

703

Examination for Noxious Weeds

2,430

Identification

2,649

Identification of Plant Specimens

88

TOTAL TESTS

10,402

PROJECT 48:

Mechanism oll-leredity in Corn
M.G. Nuffer, E. H. Coe, G. Y. Kikudome,
K. S. Hsu, G. M. Reddy, E. S. Bretz

Objectives:
Study of the mechanism by which certain genetic characters (called mutators) control the mutational behavior of some genes, and to develop methods of putting this mutagenic activity to practical
use.

Report of Progress:
Study of the genetic control of gene mutations.
The characterization of certain heritable factors
(mutators) which are able to cause striking increases
in the mutation frequency of certain genes is one of
the most urgent problems in genetics. This is true
largely because the mechanism involved appears to
be closely associated with gene action (the way in
which a gene expresses itself) and with gene replication. For this reason major emp~asis was given
during the past year to those types of research problems which will shed further light on the character
of the mutator factors.
A large and rather time consuming part of this

investigation has been the location of the various
chromosome sites to which a particular mutator factor (designated M) may move. For this purpose cases
of transposed M have been crossed to the translocation waxy series (a series of chromosome translocations involving chromosome 9, with the gene wx as
a marker, and each of the other 10 chromosomes)
and the F 1 has been backcrossed to normal waxy.
The data have not all been compiled but preliminary summaries indicate new locations of M on
chromosomes 1, 2, 4, 8 and 9. The old location apparently is on the short arm of chromosome 1.
A second way to locate new transposition sites
is to examine the progeny of the transposed M cases
for new unstable mutants which are known to arise
when M moves to the site of an already existing
gene. As mentioned in the 1959 report, 4 such cases
were found, since then several new cases have been
discovered and these are being prepared for linkage
analysis.

PROJECT 49:

Improvement of the Missouri Soybean Crop
L. F. Williams, A. L. Matson, Carl Hayward

Objectives:
A. To secure data for release to growers through
the Extension 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 characteristics and resistance to
disease for various parts of Missouri.
C. To secure information on the effects of certain production practices (date of planting,

rate of planting, irrigation) on the performance of various soybean varieties.
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.
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Partial Results:
A. Soybean Variety Tests
Soybean variety tests were harvested at ten locations in Missouri. Data for eleven varieties from
fi. ve locations in northern and central Missouri and
from ten varieties in southeast Missouri were distributed to County Agents through the Extension Service. Clark, a full season variety, continues to be the
highest yielding variety in northern and central Missouri and the early variety Harosoy, is the highest
yielding of the early strains. The new strain Shelby,
similar to Clark but a week earlier, has yielded as
well as Clark in the more northern tests but not as
well in central tes~s. Shelby has yielded from two to
four bushels more than Lincoln, and is similar in
maturity>, 'Shelby is intended to replace Lincoln and
has 'been superior in lodging, shattering resistance,
and seed quality.
Clark and Harosoy are the two most important
varieties in northern and central Missouri but Shelby
will probably replace some of this acreage as well as
that of older varieties.
In recent years Clark and Scott have largely replaced other early varieties in southeast Missouri.
Yields of these strains have averaged above those of
older varieties, even those maturing much later, and
have been very close to even the best of the newer
late varieties, but seed quality of Clark is not as good
as is desirable.
The new midseason variety Hill, intended as a
replacement for Dorman, has averaged 5 bushels
more than Dorman and has very good quality seed.
The late variety Hood, recently introduced as a
replacement for the green-seeded Ogden, has averaged 3 to 4 bushels more than Ogden. In addition
to its yellow seed, Hood also has the advantage of
better seed quality and greater resistance to shattering.
B. Breeding Better Soybeans
Major emphasis in the breeding project in recent years has been on disease resistance and improved seed quality. With increased demands for
more soybean meal of higher protein content, interest has shifted from oil content to protein content.
1. Disease resistance
The major part of this work has as its object
the transfer of known sources of resistance to the
better commercial varieties by means of backcrossing. This procedure has the advantage that the improved strain will be equal to the old one in all respects but the disease resistance, and since less field
testing is required, more generations can be produced in the greenhouse. From 5 to 7 backcrosses
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The 1959 Missouri program included the following:
Variety

Disease

Generation

Clark

Phytophthora root rot

BC4

Scott

Phytophthora root rot

BC2

Clark

Bacterial pustule

BCS

Scott

Bacterial pustule

Scott is
resistant

Clark

Cyst nematode

BC2

Scott

Cyst nematode

BC2

Clark

Rootknot nematode

BCl

Scott

Rootknot nematode

BCl

Clark
Scott

Downy mi Idew

BCl

Downy mi Idew

Fl

are usually required and 3 or 4 of these can often
be grown in the greenhouse.
The Missouri project is part of a cooperative
project of the soybean breeders in the major soybean
areas. Breeders in Iowa, Illinois, and Indiana are
handling early varieties, Missouri is working with
Clark and Scott; Arkansas, Mississippi, and North
Carolina are working with later varieties.
A survey, of seed samples from Missouri in 1957
indicated that at least 12 races of Downy Mildew
fungus were present. The variety Kanrich is resistant to all races so far found in Missouri, so a program has been started to transfer this resistance to
Clark and Scott.
2. Seed quality
Over 7000 selections from a number of crosses
involving the best strains of Group IV maturity, between Clark and Scott in maturity, have been grown
in southeast Missouri. Advanced tests of 100 of these
indicate that many are superior to the standard varieties in seed quality.
3. Protein Content
Out of 460 strains between Clark and Scott
from the W odd Collection, tested for protein content, 30 were chosen which had at least 5 percent
more protein content than Clark. These were grown
in 2 replications at Columbia, Missouri, and at Beltsville, Maryland, Analyses indicate that the best of
these averaged almost 7 percent above Clark. These
strains will be used in a breeding program.
C. In recent years radiation has been increasingly
used to change the genetical characteristics of plants.
The study started in Missouri in i956 using X-rays
and neutrons on Clark and Dorman soybeans has
been continued. Results of yield tests on 222 strains
in 1958 and 1959 indicate that changes have been
obtained toward earlier and later strains, smaller
and larger seed size, taller and shorter plants, and
higher and lower protein and oil content but no

significant increase in yield.
Hood has been released as a replacement for
Ogden. Hood has yellow seed, is resistant to hac-

terial pustule and wildfire leaf spots, has better seed
quality, holds its seed better, and yields better than
Ogden, but is similar in maturity and plant type.
Ample supplies of seed are available.

North and Central Missouri
Location

County

Soil~

Cooperator

Jefferson City

Callaway

Coss Silty Clay Loom

Lincoln University

Norborne

Carroll

Wabash Cloy Loom

Mr. Morvin Moentmonn

Kirksville

Adair

Grundy Si It Loam

Mr. Earl Shockey

Laddonia

Audrain

Putnam Silt Loam

Mr. Carver Brown

Columbia

Boone

Mexico Silt Loom

Missouri Agric.
Exp. Station

PROJECT 85:

Breeding 1-/ybrid Corn for Missouri
M. S. Zuber, P. J. Loesch, V. L. Fergason, J. P. Thomas,
0. V. Singleton, Marvin Whitehead, 0. H. Calvert, Carl Hayward
The results of the 1959 amylose breeding program were successful in spite of a very dry season.
The nursery was relocated near a source of water
which permitted irrigation at critical stages of
growth. The nursery consisted of approximately
2,100 progeny rows of 13 plants each. About 15,000
hand pollinations were made. Additional isolated
acreages were devoted to increasing a high amylose
strain and the yield testing of F 1 single cross hybrids.
The 1959 Amylose investigations consisted of the
following;
A. Seaching for new genes, mutants and modifiers affecting amylose content.
1. Nearly 1500 exotic strains, mostly from South
America, have been crossed with appropriate
testers for identification of sub-normal endosperm types that may affect amylose content.
From· these about 150 have been selected,
but the work has not reached the point
where amylose determinations can be made.
2. Numerous endosperm mutants have been received from other corn breeders. These are
being crossed with known genotypes for
classification. Most of the new mutants checked thus far, are of the su, du or sh types.
Several new mutants received from Dr. A.
Shlomi of Israel appear promising.
B. The incorporation of ae and du genes into
standard inbreds was continued. A concentrated effort was devoted to converting 20 corn belt inbreds
to high amylose types. Five of these were sufficiently
advanced to produce F 1 single cross seed in 1958

and 1959. The amylose content of the converted
lines ranged from 47 to 76 percent.
C. The importance of modifying genes affecting amylose is very apparent. This "modifier complex" is expressed especially in the ae background,
and to a somewhat lesser extent in the du C genotypes. Currently about 200 inbred lines of diverse
origins are being checked for modifiers. In addition,
a detailed study is being conducted to determine
the genetic and environmental influence of the
"mOdifier complex" associated with inbred line, K55.
D. The study of the effect of the growing conditions on amylose production was continued. Six
strains of corn varying in amylose content have now
been grown in 8 states for a period of 3 years: In
general, the results show that wherever conditions
of stress exist in the growing season, the percent of
amylose is depressed.
E. The association of possible secondary effects
of high amylose genes on endosperm starch and on
the oil and protein content in the germ and endosperm was determined. As the amylose content increased, there was an increase in the oil and protein
content of the endosperm. No apparent changes in
germ oil or protein were associated with increases
in amylose.
F. An increase of 76 percent amylose corn was
made and a total of 18 bushels was produced for the
continuation of pilot plant studies by the Northern
Utilization Research and Development Division of
Peoria, Illinois.
G. The first yield trial of. F1 single crosses involving high amylose, converted inbreds, was con83

ducted near Columbia. The inbred parents ranged
from 60-70 percent in amylose. The F 1 yields ranged
from 53 to 75 bushels per acre. The amylose content for these F 1 hybrids ranged from 60-70 percent.
A total of 12 bushels of shelled corn from this experiment was sent to the Northern Utilization Division for pilot plant studies.
H. A study of the association of the amylose
content of kernels and pollen for strains where the
amylose content of the grain ranged from zero to
70 percent, indicated that no correlation existed.
Only the amylose content for the pollen of the waxy
strain was significantly lower.
I. In a cooperative study with the Department
of Entomology, kernels ranging in amylose from
zero to 70 percent were subjected to infestation by
the Angoumois grain moth. The growth cycle was
greatly retarded for insects reared on grain of increased amylose content. Thus, it may be possible
to use this insect for the rough screening of kernels
varying in amylose content.

Summary
Stalk lodging remains a serious problem of
corn production in Missouri. Breeding for resistance
to various stalk rots has been augmented during the
past several years by investigations designed to
evaluate the relationships of stalk morphology with
stalk lodging. Preliminary findings indicated that
rind thickness is correlated with crushing strength
(the pressure required to crush a 2-inch section of
stalk sampled from a given internode). Results from
these studies indicate that the expression of the characters rind thickness and crushing strength are in
part, heritable. Rind thickness and crushing pressure
data for numerous lines grown in 1957, 1958 and
1959, are now ready for evaluation. Two-16 line synthetics were made up from a composite of inbreds
which withstood stalk crushing pressure exceeding
800 pounds in 1957 trials. These synthetics are now
available for future studies.
The development of hybrids with lower ear
placement without materially reducing plant height
was begun several years ago. Such hybrids should be
less subject to root and stalk lodging since less stress
is placed on the plant in comparison with those hybrids with a higher ear placement. Plant-ear ratios
are usually defined as the ratio of the total plant
height at maturity to the height of the uppermost
ear-node. Commonly grown corn belt inbred lines
are often characterized by a ratio of approximately
2: l. Ten lines have been found in current studies,
however, which give ratios exceeding 2:1, ranging
to as high as 4:1. Crosses and backcrosses between
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lines with average and high ratios show this factor
to be inherited and that it will be possible to de.
velop hybrids with lower ear placement. Further
studies show that for parents with high ratios, the
lower ear placement is due to shorter internodes be.
low the ear than above, the ear- bearing node being
midway. Some of the inbreds with average or below
average ratios are characterized by a greater number
of internodes below the ear, with the length of all
internodes approximately equal, whether above or
below the ear.
The use of prolific hybrids for Missouri com
production appears promising. Rates of planting
studies indicate that prolific hybrids would be expected to give a farmer the highest yield possible
at either a low or high planting rate, and under a
wider array of environmental conditions. Since high
planting rates result in increased lodging, and often,
reduced yields under adverse growing conditions,
the need for earlier maturing prolific hybrids is apparent. The transfer of the prolific characteristic
from late Southern material to corn belt material
has been difficult. Inheritance studies were begun
with prolific, semi-prolific and single ear strains,
with the objective of developing a better method of
breeding earlier maturing prolifics. Results from
these studies have not been fully evaluated at this
time.
Two ear worm synthetics have been grown for
a period of 4 years. The method employed has been
to select earworm-free ears for planting the following year. Ears that have no evidence of earworm are
classified as escapes and are not included in the earworm-free class. Plantings were made in isolated
blocks about the 15th of June to insure maximum
earworm infestation. The four year results for Ear·
worm Synthetic C, grown at Columbia, show the
per cent earworm-free ears to be 1.0, 4.8, 7.7, and
8.9 for 1956, 57, 58, and 59 respectively. Results for
the same 4-year period for Earworm Synthetic S,
gave 3.2, 3.0, 4.9 and 27.0 percent earworm-free ears.
Each year the earworm infestation at the two locations has been heavy with very few escapes. Thus
far, this method shows considerable promise and it
now appears that earlier maturing, earworm resistant, strains should soon be available. Likewise development of earworm resistant inbreds that are
adapted for Missouri, appears entirely feasible. Evaluation of the method employed will be made by
growing, in the same -year, entries from remnant
seed for each of the several years. Remnant seed is
being held in cold storage for this purpose.
Dates of planting over a 5-year period, with
hybrids representing 4 maturities, show the earlier
planting dates to be the most favorable. In general,

a decrease in yield of about 10 bushels per acre occurred for each 30 day delay in planting at the Columbia location. At Sikeston, the April planting
dates gave the highest yields, with decreasing yields
of about 10 bushels per acre for each 20 day delay
in planting. The later maturing hybrids have only a
slight yield advantage over the midseason hybrids,
for the earlier dates, while the early maturing hybrids yielded more corn of higher quality for the
last dates. Root and stalk lodging, earworm and
European corn borer damage, generally increased as
planting dates were delayed.
Three hybrids representing a 90, 115 and 125
maturity range wert; tested at 19 locations in Missouri, over a period of 3 years. Yield differences of
30 bushels per acre occurred between a 125-day hybrid and a 90-day hybrid at locations where growing conditions were favorable. In less favorable
growing conditions, the range decreased. Little difference existed between the two under conditions of
stress. These results indicate that the farmer should
select hybrids with maturities that best fit the length
of the growing season, in his area, for high yields.
The tendency in Missouri over the last five years,
has been for farmers to plant earlier ·~aturing hybrids, in spite of the likely reduction of yield. However, this practice may be governed by factors other
than the goal of the highest possible yield.
Since farmers started using combine-pickershellers for harvesting corn, they have become more
interested in the shelling percent of various hybrids.
Observations of differences in shelling percentages
led to determining the factors that influence shelling percent. In one study, shelling percent was determined for 3 hybrids representing early, medium
and late maturities grown at 15 locations in Missouri, for a period of 3 years. The results show that
the greatest range in shelling percent, 5.0 percent
was associated with locations, followed by years

with a 3 percent range, and hybrids with a 1 percent range. From this study, it was concluded that
shelling percent is influenced most by environmental
conditions during the growing season. Favorable
growing seasons in which high yields are realized,
contribute to high shelling percent; whereas, conditions of stress associated with unfavorable growing seasons, contribute to lower shelling percentages. A second study involving 8 hybrids harvested
at 3 dates (Mid-September, Mid-October and MidNovember) showed that after hybrids had been
dried to a common moisture level, a very small difference existed between the commercial hybrids
tested except for a Cob Pipe Hybrid which is notably low in shelling percent. From a third study the
shelling percentage for 8 hybrids planted at 5 different dates at Sikeston and 3 dates at Columbia,
show that shelling percent was highest at the earlier
planting dates and was lower as planting dates were
delayed. The range between hybrids for a given
date of planting was small but the prolific hybrids
were consistently higher than the single ear types.
Date of planting studies over a 5-year period
(1955 through 1959) show that earlier planting
dates give the highest yields. Planting at earlier
dates poses the problem of obtaining good stands
since the soil is usually cold and wet at that time.
Studies of germinating corn under cold test conditions were initiated in 1959. A console-type seed
germinator was obtained permitting the testing of
corn seed under cold and standard conditions. Severeal technique studies were conducted. The results
of these studies show that the different sources of
soil for cold test germination is of importance. Soils
from fields that have been planted to continuous
corn gave lower germination than soils from fields
where corn had not been previously grown. Moisture content of the soil is also a factor, with the dryer
soil giving lower germination percentages than the
soils with higher moisture content.

PROJ I:CT 90:

Breeding ~nd Genetics of Winter Barley
J.

M. Poehlman, Charles Hayward, D. T. Sechler,
Carl Hayward, A. L. Matson

Progress Report:
Progress Report (1959 Crop Season):

Varieties Developed and Distributed:
Mo. B-400 and Mo. B-475, varieties of winter
barley developed in this project, continue to occupy
over 95 percent of the Missouri winter barley acreage. The characteristics of these varieties which have

made them so successful are high yield, good winter hardiness (for the southern two-thirds of Missouri), and resistance to loose smut (Ustilago nuda).
B-475 has better yield and test weight and threshes
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better than B-400 and is gradually replacing the latter variety in Missouri.

Progress in Breeding:
Progress is being made in the improvement of
B-400 and B-475 varieties by increasing the straw
stiffness, test weight, ease of threshing, covered
smut (Ustilago hordei) resistance, and winter hardiness. Each will be discussed.
Breeding for stiffer straw and higher test-weight
Selections improved in straw stiffness and test
weight are being obtained from two crosses made
for that purpose. These crosses are Mo. B-475 x
B700, and B699 x B703. Advancement is illustrated
by comparison of selections of these crosses with
Mo. B-400 and B-475 at Columbia in 1958 and 1959.
Breeding for covered smut resistance
Resistance to covered smut (Ustilago hordei)
was found in a selection from the cross Michigan

Winter x Missouri Early Beardless. This selection
B647, "\\tas crossed to B-475 and the F 1 backcrossed
again to B-475. Two covered smut resistant lines
from the backcross were tested in the nursery in
1959. Their performance in comparison with B-475
at four locations in Missouri in 1959 is reported here.
1
3-year average of inoculated plants at Columbia. B1065 and B1067 are also resistant to loose smut
(U. nuda).

Breeding for winter hardiness
Crosses of B-475 and other high yielding strains
have been made with Kearney, Dicktoo, and Ludwig. Selections from these crosses first reached the
yield nursery in 1959. Several of these strains appear
to be in the Kearney- Dicktoo range of hardiness,
and have combined into them yield, smut resistance,
or better straw. None combine all of these characteristics. The following data from Columbia, 1959, will
illustrate this fact.
These strains are being used in further crosses
in order to combine better yield into the hardy lines.

Variety

yield
bu./acre

Test weight
lbs./bu.

B-475

46.2

44.3

B-400

Covered smut
Heads/row

1

3.5
17.8

43.0
43.6
2
Michigan Winter-MEB x B-475 Selections

B1065

47.4

44.7

3.7

B1067

48.0

45.2

1.1

Survival
%

Yield
bu.Lacre

Test Weight
lbs.Lbu.

B-475

72

41.7

44.5

Loose smut
HLR
2

Kearney

76

20.6

41.0

16

Variety

Ludwig

76

33.2

44.0

3

B1221 1 B-475 x Kearney

75

36.5

40.5

4

B1222 1 B-475.x· Kearney

81

26.9

46.0

0

B1226 1 B-475 x Ludwig

84

33.5

44.5

7

B1257 1 B699 x Dicktoo

74

49.4

44.0

2

B1267 1 B-475 x Kearney

79

30 . 2

45.5

PROJECT 127:

A Study of the Diseases of Field Crops of Missouri
(rusts and smuts of small grain; leaf blights and stalk rots of corn.)

0 . H. Calvert, M. D. Whitehead
Objectives:
A. To determine the diseases of economic importance to field crops of Missouri and to
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describe those found to be new.
B. To make crop yield loss estimates due to

diseases of field crops in Missouri.
C. To determine the resistance rating of present
breeding lines, and hybrids, and varieties to
the common diseases of field crops concerned, to search for high types of resistance and
to cooperate with the plant breeders in the
development of new, more resistant varieties.
D. To determine the optimum and limiting environmental factors for disease development
and to search for cultural methods of control of the diseases.
E. To test the established and newly developed
chemicals and antibiotics for possible effective, economical control of seedling, and
mature plant diseases.
F. To study available methods of inoculation
for inciting epiphytotics and develop new
techniques for the study of diseases of field
crops.

became more severe the later in physiological maturity the plants were inoculated.
Natural inoculation of birdsfoot trefoil appeared
to be sure and slow in the field. Wounding of the
plants speeded up the rotting. Composite of several
fungi used as inoculum decreased rotting as did the
addition of peat moss in the seedbeds. Several methods of inoculation and several fungal incitants were
found to be not too successful for use as a screening
method in locating resistance to field root rotting.
Root rot is probably a major factor which limits
production of this excellent legume in Missouri.
Success is being found in a field selection program
and four clones thus selected appeared outstanding
in greenhouse tests.
Soybeans killed by Phytophthora root rot depended upon fungus strain, plant age and plant part
inoculated. Rootknot nematodes caused yield reduction without plant symptoms in an irrigated experiment in Southeast Missouri.

Progress Report:

Progress Report:

Some of the objectives worked on this year
concerned corn, soybean, and .trefoil diseases. Repeatability of selecting corn inbreds resistant to
Northern leaf blight was low but successful transfer
of resistance was accomplished. Similar studies with
Diplodia zeae were made and repeatability for resistance either to the ear rot or stalk rot was very
low. Stalk rot was induced equally by 3 methods
tested. A carbon dioxide pistol used to inject inoculum for ear rot was a successful new method that
was tried. The standard methods were equally good.
Among other corn experiments, it was established
that early removal of ears enhanced stalk rot. Topping of the corn or removal of the leaves by hand
to simulate leaf diseases at silking did two things:
increased stalk rot when topped late or if half or all
of the leaves were removed. When topped early or
as more and more leaves were removed, the yield
was lowered. Stalk rot appeared not to reduce yield.
In the ear rot studies, it was found that the earlier
the ear was inoculated, the more ear rot developed.
This is just the opposite behavior of stalk rot which

In one experiment it was found that the number of soybean plants killed per unit of time by
Phytophthora sojae in greenhouse inoculations depends upon the strain of the fungus, age of the
plants, and which part of the plant that is inoculated. Various aged seedlings from 4 days
to 12 days old were collected together in the
greenhouse and all were inoculated at one time.
Some were inoculated with a very virulent strain
from Indiana (C) and the others were inoculated
with a less virulent strain of P. sojae from Illinois
(L). Inoculations were made at 5 distinct anatomical
regions: hypocotyl (h), cotyledonary node (en),
epicotyl (e), primary leaf node (pn) and the internode (i) above the primary leaf.
This preliminary experiment shows that care
must be exercised in the selection of a suitable, virulent strain of the fungus, accomplish inoculation
within a week to 10 days after planting in the greenhouse, or soybean\ "escapes" might be interpreted as
"resistant" or even immune in segregative populations. Further testing in this area will be continued.

PROJI:CT 156:

The Control of Weeds
0. H. Fletchall, Carl Hayward, R. E. Talbert,
Elroy]. Peters, Fr~nk S. Davis
Objectives:

A. To :find and test new methods of weed control for efficient crop production.

B. To more thoroughly unde):"stand the action
of herbicides within plants and in the soil,
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also herbicidal and environmental effects on
bud and seed dormancy.
C. Discover new chemicals that tend to alter or
regulate the growth of plants.
D. To make ecological studies in order to determine the competition a'ri.d other effects
from weeds in the pasturesj m~~dows, corn,
sorghums, small grains and spybeans.
E. To determine the life historic~ of.weeds.
All forms of 2,4-D used as pre-emergence treatments were less effective in controlling weeds than
normal. The granular forms of 2,4-D tended to give
slightly better weed control and higher yields of
corn. Atrazine and simazin in both forms gave excellent weed control throughout the season and resulted in the highest yields of corn. EPTC granules
were a little more effective in controlling weeds than
the liquid; however, the granules also caused more
corn injury, and a slight reduction in corn yield reresulted. Falone granules were slightly less effective
in controlling weeds and slightly more injurious to
the corn than the liquid. The 2,3,6-TBA liquid form
was slight! y better in controlling weeds than the
granular form. The liquid forms of silvex, nebaron,
and Zytron were significantly better in weed control
than granular forms.
The corn yield obtained in the Zytron liquid
treated plots was the only comparison that was significantly higher than the granular form.
There was very little difference between the
granular, 2,3,6-TBA sodium salt and the acid form.
In general, there is no set pattern that liquid
applications are better in controlling weeds than
granular applications or that the granular applications are better. In this experiment, EPTC granules
were better in controlling weeds as compared to the
liquid, with simazin and Atrazine there was very
little difference, and with neburon treated plots, the
liquid was much better than the granular treated

'p lots.
In experiments to determine satisfactory methods of weed control in establishing birdsfoot trefoil,
a combination of dalapon and 4-(2,4-DB) re/ulted
in a better stand of birdsfoot trefoil than 4-(2,4-DB)
alone.
Many people have theorized that Atrazine, because of greater solubility, would have a shorter
duration of residual action in the soil than simazine.
Field experiments indicated that there is little difference between the two chemicals from the standpoint of duration of active soil residues.
Experiments were conducted to determine the
importance of coverage of the lower few inches of
the tree in the basal treatment of brush. Where
2,4,5-T was prevented from reaching the bud zone
(at the top of the soil) by the use of collars, more
basal sprouting occurred than on treatments where
the herbicide was applied directly over the bud zone.
Johnson grass Control in Corn.
Studies to discover techniques of Johnsongrass
control so that corn can be grown on the land in
the year of treatment were initiated during the 1959
season. First year results of these studies indicate
that heavy infestations of established Johnsongrass
plants may be controlled through the use of preplant application of 10 pounds of dalapon per acre.
The occurrence of seedling infestations of Johnsongrass may be delayed but not prevented through the
use of three pounds of EPTC per acre at planting.
The use of dalapon spot treatment for seedling Johnsongrass in corn will control the grass plants sprayed but may cause injury to the corn particularly if
a heavy infestation of grass plants is allowed to attain the height equal that of the corn. Corn yield
differences of seven bushels per acre more on plots
treated with EPTC were not significant at odds of
19:1.

PROJECT 160:

Better Cotton Varieties for Southeast Missouri
William Sappenfield, N. Brown, M.D. Whitehead, 0. H . Calvert

Objectives:
The Performance of Cotton Varieties and new Strains
in Southeast Missouri
Variety tests: Sixteen varieties and experimental
strains were grown in yield tests at eight locations:
Sandy loam, non-wilt soils:
1. Sikeston
Light sandy soils infested with fusarium wilt and
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root-knot:
2. Diehlstadt
3. Malden
4. Bucoda
Clay loam soils infested with verticillium wilt:
5. Dorena
6. Cottonwood Point

Clay soils-"gumbo":
7. Bell City
8. Bragg City
Variety recommendations: Some changes relative
to the 1960 cotton variety recommendations were
made during the recent crop variety conference
sponsored by the Department of Field Crops, University of Missouri College of Agriculture. This conference is held annually at Columbia, for the sole
purpose of reviewing and recommending the best
crop varieties for Missouri. Recommendations are
based on long-time averages of test results and are
subject to approval by conference members.
The following are cotton varieties recommended
for Southeast Missouri production:
Sandy loam, non-wilt soils:
1. Rex
2. Delfos 9169

3. Auburn 56
4. Fox 4
5. Fox
Light sandy soils infested with fusarium wilt and
root-knot:
1. Auburn 56
2. Rex
Clay loam soils infested with verticillium wilt:
1. Rex
2. Auburn 56
3. Fox 4
4. DPL 15
Clay soils-"gumbo":
1. Rex
2. Fox 4
3. Fox
4. Auburn 56
5. DPL 15

PROJ ~CT 202:

Breeding and Genetics of Soft Red Winter Wheat
J.

M. Poehlman, Charles Hayward, 0. T. Sechler
Carl Hayward, A. R. Matson

Progress Report:
(1959 Crop Season)
Breeding has been concentrated on the development of short, stiff strawed varieties of soft wheat
with resistance to leaf rust, loose smut, and the Hessian fly. Knox, Vermillion, Dual, and Monon are
recommended varieties of soft wheat in Missouri.
Monon, a new short, early strain developed in Indiana was added to the recommended list in 1959.
Varieties of hard wheat are tested but no breeding
work is in progress with this market class. Pawnee,
Ponca, Triumph, and Wichita are recommended
varieties of hard wheat in Missouri.

In 1959 the barley yellow dwarf virus disease
was carried into Missouri during the latter part of
April and the first week of May by greenbugs which
spread over the entire state. Some damage occurred
in the wheat crop as a result of this disease. Some
varieties or groups of varieties were dwarfed, uneven in appearance and reduced in yield and test
weight. This is the first time that symptoms of barley yellow dwarf virus have been observed on wheat
in Missouri. Hessian fly was locally serious in some
areas of western Missouri and caused damage to local
fields.

FOR~STRY
R. H. W estveld, Department Chairman

PROJECT 9:

Christmas Tree Culture
89

R. B. Polk, J. M. Nichols, R. A. Ryker

Progress Report:
Objective A: Preliminary to plot thinnings, a
complete inventory (height, diameter, and survival)
was made on the nursery-stock studies of jack pine
and Scotch pine established at Ashland and Weldon
Springs areas in 1953.
Objective B: Work was completed on the construction of a deer fence at Weldon Springs, and the
the effectiveness of this barrier against deer is being
observed preliminary to planting the enclosed area
with special experimental stock. Again, for the second consecutive year, it was necessary to postpone
experimental control of the pine tip moth because
of a continued unprecedented low in the population
level of this insect pest.
Objective C: The second annual pruning (shearing) schedule was performed on the 12-treatment
Scotch pine study, the objective of which is to develop optimum methods for controlling crown
density and to measure the possibility of controlling
through pruning the important tree-grade factor of
crown taper. The study includes four replications of
the twelve treatments and approximately 2500 trees,
established at Weldon Springs in 1955.
Objective D: Cones were collected, cured, and
seed extracted from the control-pollination seed pro-

PROJ~CT

duction study of 1958 that included three species
(Austrian, ponderosa, and jack pines) and 15 kinds
of bagging techniques, including open-pollinated
and artifically pollinated unbagged checks. Seed
counts and weights per cone and cone-length measurements have been made. Also, cutting tests for
soundness of the Austrian pine and ponderosa pine
x Austrian pine seeds have been made, but the jack
pine seed is being saved for germination and progeny tests. Analysis is incomplete.
Inventories were made on the Douglas-fir, blue
spruce, white fir, Southwestern limber pine, pinyon
pine, and Arizona cypress nursery test plots at Licking and Elsberry. Although damping off losses were
serious at both nurseries, sufficient stock is in the
beds to provide comparisons. There is sharp agreement between the two nurseries when performances
of the 23 seed sources of Douglas-fir are compared.
California and Pacific Northwest origins have failed
completely. Northern Rocky Mountain sources have
either failed or performed poorly. Results are variable from the various ecotypes represented in central
and southern Rocky Mountain collections, with
some of these showing high promise.
Work on factors affecting pine pollen viability
is continuing.

52:

Investigations on Oak Wilt
T. W. Bretz, 0.
Progress Report:
A. Host-parasite relations.
B. Local spread of the disease.
C. Long-distance spread of the disease.

J.

Dooling

Host-parasite relations
Fifteen trees of Quercus alba growing under
nursery conditions were inoculated with a heavy
spore suspension of the oak wilt fungus in June,
1957. The trees were 2 to 3 inches d.b.h. Observations for subsequent oak wilt development were
made periodically through the 1957 and 1958 growing seasons (see Progress Report for the year ending
January 31, 1959) and during 1959. By means of
culturing sample material from these trees each year
since inoculation, it has been determined that at least
80 percent became infected. However, 8 percent of
these infected trees had developed no outward evidences of disease through 1959 and 17 percent de-
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veloped foliar wilt symptoms for the first time in
1959. Additional stem dkback, without foliar symptoms was observed in 42 percent, and 33 percent
showed no evidences of disease development beyond
those observed in 1958. The fungus could not be
recovered from these, suggesting possible recovery
from the infection.
Three months after inoculation with ascospores
derived from crosses of white X typical oak wilt
fungus isolated, three Q. rubra and two Q. macrocarpa trees in advanced stages of oak wilt symptom
development were extensively sampled, to determine
the extent and distribution of the fungus within the

trees. The trees, approximately 2 inches in d.b.h. and
10 to 15 feet tall, were inoculated at a point on the
main stem about 12 inches above ground level. Samples for culturing for the presence of the fungus
were taken six inches below the main stem and all
branches, to the terminals. Isolations were made
from each of the cardinal points on the main stem
sections and from entire cross-sections at the remainder of the sampling points. An average of 60
sampling points per tree, from which seven serial
stem sections were cut, were used for isolation purposes. There was considerable variation in the recovery of white versus typical fungus isolates in the
individual trees. However, in Q. rubra an average of
74 percent of the sampling points yielded typical
oak wilt fungus isolates; 11 percent yielded white
isolates and 15 percent yielded both typical and
white isolates. In Q. macrocarpa, an average of 54
percent ofthe sampling points yielded typical isolates; 17 percent yielded white isolates and 29 percent yielded both typical and white isolates. In determining the compatibility types of the isolates,
both "A" and "B" types of the typical and white
forms were recovered from a single sampling point
and in some instances, from the same stem section.
These data indicate that there was extensive distribution of the fungus throughout the diseased trees
by movement of spores through the vascular ele·
ments, resulting in colonization of the fungus from
individual spores at numerous loci.
Much difficulty is often experi~nced in isolating
the oak wilt fungus in the laboratory from materials
which are contaminated with other more rapidly

growing organisms. In 1959, a series of healthy Q.
rubra trees growing under nursery conditions were
inoculated with an infusion containing a wide variety
of common oak wood fungus contaminants and the
oak wilt fungus. Mter an incubation period of about
2 months, the trees were sampled and the specimens
were cultured, using the standard laboratory isolation techniques. The oak wilt fungus was recovered
in pure culture from 60 percent of the trees, indicating that healthy oak trees may serve as a tool for
screening out the oak wilt fungus from associated
contaminants.
In an investigation of methods for disinfecting
oak wood, fifteen fumigants were tested for their
fungicidal activity on heavily infested black and
white oak bolts, 3-4 inches in diameter by 8 inches
long. The chemicals were introduced into a specially-designed gas chamber where the oak bolts
were subjected to treatment for varying periods of
time. When air at room temperature-was saturated
at atmospheric pressure with either chloropicrin or
methyl bromide the fungus was killed in all parts of
the wood within three days. Propylene oxide was
effective within seven days. Acetone, carbon dioxide,
carbon monoxide, ethylene dibromide, nitrogen,
chlorine, methanol, and xylol were inefficient fumigants or sterilizing agents. In general, this study
demonstrates that it may be possible to render oak
wood safe for export by fumigation. The fumigation
of veneer logs with a simple polyethylene cover appears possible and would be far more practicable
than heat treating or kiln drying.

PROJECT 75:

Improvement of Low Quality Understocked l-lardwood Stands

L. K. Paulsell, J. M. Nichols, R. A. Mus bach

Objectives:
C. Fire Studies
E. Pruning of Oak
G. Conversion of Low-Value Hardwood Stands
to Conifers

Progress Report:
C. Plots requiring burning were treated according to the work plan. Mortality of the overstory
and mortality or growth of reproduction was re-

corded.
E. The pruning study required only routine
maintenance and observation of mortality.
G. The superiority of the chemical-frill treatment of the overstory is apparent in both survival
and growth. Eastern redcedar had the highest survival rate and also the poorest growth. Loblolly
pine and shortleaf pine are thus far the most successful species.
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PROJECT 122:

Reproduction and Forest Stand Improvement Cuttings
R. A. Musbach, J. M. Nichols, L. K. Paulsell

Objectives:
A. Stand Improvement Cutting
B. Regeneration Cutting
A. Stand Improvement Cutting

Progress Report:
Phase 1. Stand Improvement of Immature Oak
(University Forest). Routine maintenance was done,
including repainting of code markings on crop trees
and those trees on control plots which would have
been removed under different systems of thinning.
Fifth year measurements were made on a series of
six plots established in 1954. These measurements
included diameter, mortality observation, and new
crown class. Epicormic branches were counted on
the pruned trees ( :Y2 of each plot). Analysis of data
is incorp.plete.
Phase 2. Cottonwood Thinning. With the resignation of Prof. P. W. Fletcher from the staff of the
School of Forestry, publication of the results of this
study have been temporarily delayed.
Phase 3. Timber Stand Improvement (Weldon
Springs). The removal of unwanted trees was accomplished immediately preceding the growing season. This was a very light removal operation of approximately 10 square feet of basal area per acre.

Regeneration Cutting
Phase 1. Regeneration Cutting at University
Forest. The six plots in block I were remeasured
(5th year following establishment). New steel plot
stakes were put in and all plot lines were repainted.

Phase 2. Regeneration Cutting at Weldon
Springs. Cutting was accomplished on the six plots
of Block 3. Reproduction milacres were reexamined
for Blocks 1 and 2.
Phase 3. Growth in Partially Cut Stands (Weldon Springs). This study required no measurement
or maintenance during the year.
Phase 4. Weldon Springs Timber Management.
With an up-swing in the market, considerable sale
activity was possible. A white oak stave sale including 370 trees was sold on bid for $5277. Sale of stave
timber and sawtimber from experimental plots,
(Phase 3 of Stand Improvement Objective and Phase
2 of Regeneration Cutting Objective) totalled 57,300
bd. ft. of sawtimber for $573.00 and 2140 chord feet
of stave bolts for $2247.00. A cottonwood sale of an
estimated 90,000 board feet was sold on bid for
$1266.00.
To guide future management, complete records
were maintained on the sales as to volumes, log
grades, and subdivisions from which trees were removed.
A new timber sale contract was written to handle future sales of sawtimber. Under this contract,
bidding will be handled on a unit basis ( 1000 board
feet) by species groups and by tree grade. Although
large volumes will be bid at a time (1,000,000 board
feet is proposed for the first sale) actual purchase
will be by consecutive blocks of approximately
100,000 board feet each.

PROJECT 123:

Ecological Studies in Forestry
R. E. McDermott, J. M. Nichols

Objective:
A. Acorn Production

Progress Report:
A. Acorn production for 1959 was very light
for all species at all sampling areas. All data for the
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period 1953 to 1959 are now being analyzed. The
cycles for the several species are becoming rather
clear as shown in the following table:

MATURE ACORN PRODUCTION OF SEVERAL SPECIES

49

50

51

52

53

54

55

56

57

58

59

Black Oak

H

L

H

L

H

M

H

0

M

H

M

0

White Oak

M

0

M

H

L

L

L

0

H

0

L

L

Scarlet Oak

H

0

L

0

H

M

L

0

M

H

M

L

H

L

L

L

L

0

L
L

L
L

L
L

L
L

H
H

M
L

0

L

L

L
M
0
data
-=no
=none
0
light
=
L
medium
M=
H =heavy

0

0

1948

N. Red Oak
Pin Oak
Willow Oak
Overcup Oak
Note:

-

0

PROJECT 124:

Economics of Timber Production
R. C. Smith, A.

J.

Nash, A. B. Cole

Objectives:
A. Case studies of income.
B. Growth and yield studies.
C. Taxation of forest lands.

Case studies of income.
Under project 124-1 financed by a grant of
money from the Forest Service, the final report was
prepared and submitted. A summary appears above.
It is believed that this report is of sufficient interest
to have it published as a research bulletin by the Mo.
Ag. Expt. Sta.

Growth and yield studies.
The manuscript covering the first remeasurements of statewide timber growth study plots was
completed and the results were published as Research Bulletin 700.

Taxation offorest lands.
Two weeks were spent in the field collecting
data to determine whether a relationship could be
established between timber value present on tracts
of timberland which were sold and the sale price.
Part of the time was spent attempting to establish a
workable field procedure. We found that the best
sources of data on recent sales of forest land were
real estate agents and the county collector of taxes.
Although these sources gave us many potential case
studies it was necessary to screen them to eliminate
sales which included values other than forest land.
Screening was done by examining aerial photographs
of the areas sold and by field reconnaissance.
- Twelve case studies were finally selected which
represented forest land with no other values attached~ which had, from all appearance, been sold under

fair market sale conditions. These properties were
visited to make a timber inventory. Timber value
was computed using average stumpage values obtained from Forest Service timber sales over the
period 1956-58.
Although the small number of cases precludes
making an accurate analysis, it appeared that there
may be little relationship between timber value and
sale price. A regression fitted to the data is Y
8.9947 + 0.0217X, which is almost a horizontal line.
From these data and conversations with informed
persons in the field it appears that investment in
timber properties in Butler and Wayne Counties,
Missouri, is highly speculative. The usual course of
action is for an investor to buy cut-over timber land,
hold it for about 10 years until some trees have
grown to small sawtimber size, clear cut this merchantable timber, and resell the land. This process
is then repeated when a new buyer is found. Although this information is inconclusive, it is considered valuable in explaining why tenure is unstable and why timber growing is not practiced on
other than an exploition basis.
Information collected on Forest Se-1':vice purchases between 1944 and 1953 of forest land was
analyzed to determine the relationship of size of tract
of forest land and purchase price. The correlation
coefficient was a negative number and we are not
justified in fitting a curve to express this relationship. The average cost of $4.42 per acre is equally
accurate to express it. The average size of tract purchased was 99.96 acres.
In contrast to that reported for private sales of
forest land, land sales represented by Forest Service
purchases exhibit an unmistakable trend between tim-

=
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ber value and price paid. The relationship between
value of unmerchantable timber only and price paid,
value of merchantable timber only and price paid,
and value of both merchantable and unmerchantable

timber and price paid appear to be linear. They can
be expressed by an equation of the type Y = a +
bX. Regressions are currently being run using these
data.

PROJECT 157:

Technique For Improving the Results of Forestation
Progress Report:

J.

M . Nichlos, R. B. Polk, C. D. Settergren

Efforts are under way to increase through vegetative propagation the number of trees available for
research with the Populus alba x P. grandidentata
hybrid poplar. A total of 966 cuttings are being conditioned for planting in nursery beds in April 1960.
Due to personnel changes and some resultant
reassignments of work responsibilities, it has been
necessary to delay the measurements of certain plots
(cottonwood tests planted in 1957; the combination

site-adaptability and mixed-vs.-pure species plantings
established in 1955; species-adaptability and sitepreparation study established in 1956; and chemical
weed-control planting of Pinus strobus and Pinus
sylvestris-all at the Weldon Springs Experimental
Farm).
The scheduled mowing of certain blocks of
plots in the species-adaptability and site-preparation
study was performed as required in the experimental
plan.

PROJECT 158:

Effect of Forest Cover on Soil and Water Resources
R. A. Musbach, W. T. Semago

Objectives:
A. Hydrologic orientation
B. Soil moisture studies
C. Small watershed studies

Progress Report:
A. No work accomplished during the year.
B. Activities have included gathering meteorological observations at the weather station as well as
maintaining this installation and the work done by
Semago. In addition to this we continued to take
information on one shallow well installation here at
the Camp and to gather data on interception of precipitation by forest canopy from catch-troughs on
four small plots.
The study was performed at the University Forest, Butler County, Missouri. Eighty-five percent of
the work was done in a uniform, well-stocked stand,
about 40 years old, predominantly scarlet and black
oak, unburned for at least 15 years. The dominant
trees average 8-10 inches in diameter at breast height,
and are about 60 feet tall. The site is the top of a
spur ridge from the gently undulating upland "flatwoods" , with about 3 feet of rock-free, loessial soil
mantle, classed as a Grundy-like silt loam, which
94

lies on a cherty residuum from the Roubidoux geologic formation. The remaining 15 percent of the
work was done in a clearing which contains the University Forest Weather Station, and lies adjacent to
the hardwood stand.
C. Activities during the past year included putting the finishing touches on the whole installation.
Among these items were sealing the footing of the
dam with bentonite and back filling around the wall
with clay, shoring up the banks of the pond with
rock rip rap and grading the area surrounding the
pond. A settling basin was dozed out above the main
pond to permit settling out of debris and a rock
berm built between the upper and lower basins. Construction of an instrument shelter house and installation of a V-notch weir blade with screen cover to
prevent the notch from becoming clogged with
leaves, twigs and other debris completed the construction phase of this project.
An FW -1 Friez Water level recorder was installed and oriented with the V -notch in the weir
blade so as to record various stages of the water
level 6 inches above and 6 inches below the bottom
of the V-notch. Weekly records have been taken on

this instrument since it was installed and calibrated
June 1, 1959. Some preliminary work was done in
securing information on the volume of water dis-

charged through the weir at various water stages.
However, a great deal more work needs to be done.

PROJECT 159:

Utilization of Native Timber and Residues
Lawrence Leney
Progress Report:

Two hundred eighty board feet of red oak lumber of random width were obtained green from the
saw. After planing on one side, it was stacked by
standard procedure with stickers of Ys inch thickness. Alternate boards were placed with the planed
side up. The lumber was dried in a cross circulation
compartment dry siln with an air circulation of 500
feet per minute through the pile.
The test schedule used was designed to accelerate drying for the purpose of determining the checking tendency of the planed and unplaned lumber.
Checks were marked periodically throughout the
drying time.
The planed surface of the lumber used in these
tests showed a greater tendency to check than did
the rough-sawn surface. The checking started early
in the drying period increasing rapidly to a maximum. The checks then gradually closed until very
few remained open when the lumber was removed
from the kiln.

Possible reasons for the difference in checking
tendency of planed and unplaned lumber are:
1. The difference in rate of moisture diffusion in
the surface layers.
2. The differences in structure of the surface
may affect the drying stresses in the first few
layers of cells.
3. The difference in surface roughness causes
differences in air circulation close to the
wood. This may affect the rate of drying
from the surface sufficient! y to account for
differences in checking.
The present tests show the planed surface checks
more than the rough sawn surface of the kiln schedule used. The determination of reasons for the difference will have to be done by smaller scale laboratory techniques.
The laboratory technique for the observation of
check formation in drying has progressed but is not
yet satisfactory.

PROJECT 166:

Control of Undesirable Trees in Timber Stand Improvement
J. M.

Nichols

Objectives:

A. To continue observations on tests in progress.
C. To compare mechanical girdling using a
powered girdler with chemical girdling using a poison injector.
That portion of objective A concerned with
portions of the study done prior to 1959 can beeffectively cancelled. Results from 1959 observations
did not differ substantially from 1958 observations
except there was new growth on sprouts and original stems not killed by the different treatments. The
most important result of the tests to date is that no
treatment as yet has demonstrated that it will effectively control either persimmon or sassafras with
the first application.

Follow-up treatments were made on persimmon
study initiated in 1955 and sassafras study started in
1955. Two of the original plots for each species were
retreated in both summer and winter (total of 8
plots) using a basal treatment of 2, 4, 5-T @ 16 lbs.
acid equivalent per 100 gallons of oil carrier. The
few stems not killed in original treatments plus the
new sprouts and root suckers were treated.
Poorly-formed trees and trees of inferior species
were killed by two methods, chemical with a poison
injector and mechanical with a powered tree girdler,
on six 2-acre plots, 3 plots per method. Treatments
were made in the dormant season. In this stand, improvement study, approximately 25 percent of the
basal area (App~oximately 40 trees per acre) was re95

moved. It was determined that chemical treatments
were accomplished at the rate of one acre in 1.48
hours and the mechanical treatments at the rate of
one acre in 0.87 hours. However, the man tired much
more quickly using the mechanical girdler and 2
men would be required to use the. equipment at that
rate for a normal working day. One man using the

tree injector could probably almost continue at the
above rate of one acre per 1.48 hours for the entire
working day. The chemical cost will vary depending upon the chemical used, but the cost using the
injector is relatively small as compared to labor cost.
The .r esults of chemical treatment with the injector
remain to be determined.

PROJECT 245:

Marketing Christmas Trees
R. B. Polk, J. M. Nichols, L. K. Paulsell
Project Report:

The limited supply of trees available for marketing made any detailed study impossible. From the
Ashland area, 220 Scotch pine and 218 Jack pine
were marketed. However, 30 percent of jack pine
offered for sale remained unsold and all the Scotch
pine harvested were readily sold.
Less than 50 Scotch pine trees were marketed
from experimental plantings at Weldon Springs Experimental Farm. This completes the sale of trees
from this planting, established in 1950. The total
sale of trees from this planting, which is slightly
over 1 acre in area, totals 2143 trees or a total recovery of 80 percent of the trees established. Of this
number, 44 percent graded premium, 44 percent
U.S. No. 1, and 12 percent U.S. No. 2. The total
retail sale was $8600, 60 percent of which was received by the University on a consignment system
of sale. For all years and all retail outlets, only 2lh
percent of the trees delievered failed to sell and these
were invariably the lower quality trees.
Two artificial colorant products which received

advertising prominence during 1959 were given a
limited test. The materials tested were: "Greezit",
manufactured by W. A. Cleary Corp., New Brunswick, N. ). and "Winterlawn" from Winterlawn
Sales Corp., Augusta, Georgia. Both materials are
water-soluble green pigment solutions which are
recommended by the manufacturers for prevention
of the off-coloring or yellowing of Christmas trees.
It was found that both materials used at the manufacturers' recommended rates materially improved
the color of trees which had already started to yellow. Although it was observed that the colorants
gave a slightly artificial appearance, it was obvious
that saleability was improved. Twenty artificially
colored trees were offered for sale on a lot with
other trees of the same quality which were not badly
off-color. The treated trees sold much more readily.
It is doubtful that additional formal work will
be needed on these colorants since information can
be readily secured by observing the use of these products by private growers.

PROJECT 259:

Marketing and Processing of Hardwood Paneling
W. J. O 'Neil, L. K. Paulsell,
Lawrence Leney, R. A. Musbach, R. C. Smith
Progress Report:

Consumer preferences and attitudes toward any
product are of paramount importance to manufacturers. In four states, 383 homeowners were interviewed to learn their preferences for hardwood
paneling. Results indicate that 95 percent of those
visited liked hardwood paneling and they would
want paneling in a new home. Over 70 percent
wished to use paneling in a recreation room or den
rather than in other rooms. Over 60 percent prefer96

red to panel four walls of a room, and relatively
wide panels of 7 inches are preferred. Without reference to prices, over one-half prefer clear wood,
and over 80 percent prefer wood with only small
character marks. With prices considered, the preferences were about equal for each of three grades
ranging from clear wood to that containing large
knots and other marks, but another grade permitting large holes was preferred by only 6J?ercent.

Other replies suggest a need for consumer education
on wood properties, installation and serviceability
of paneling. The retailer is an important link in
shaping consumer demand, especially for new products. Accordingly, 72 retailers of building materials
were interviewed. Their responses indicate that consumers will buy oak paneling. If their profits were
at least equal to that on similar items, 75 percent of
the retailers would stock oak paneling. On the average, annual sales of 22,500 board feet would make
it a desirable item to handle. They believe that the
most saleable categories would be the higher grades,
widths of five to seven inches and eight foot lengths.
Thus, it appears that considerable interest exists on
the part of both consumers and retailers.
The number and kind of finishes available for
use on paneling is almost without limit. They range
all the way from those that bring out texture and
other characteristics of wood to those that hide these
features to create an entirely different effect. We have
tried over 20 finishes with satisfactory results. A 2coat finish with a clear lacquer or resin-varnish,
without stain or other coloring material, is the easiest to apply and generally the most pleasing in appearance to most people.
Paneling can be fastened to a wall by a number
of methods. We have developed and recommend a
pattern that can be applied with the nails hidden
from view, under the lip of the adjoining piece of
paneling. Hardened steel nails at least 0.065-inch in
diameter gave the best results in nailing paneling to
a wall. Thinner nails broke excessively and ordinary
# 3 finishing nails often bend. If holes are predrilled
before using finishing nails about 25 percent addi-

tional time is required for installation of paneling
than if hardened steel nails are used without drilling
holes.
Reduction of moisture content of paneling to 6
percent may cause wood shrinkage sufficient to expose nail heads. Thus, nails must be positioned
properly to expect them to stay hidden from view.
One aspect of processing which was studied was
the preparation of grading rules to describe different kinds of paneling and to correlate them
with standard lumber grades. Four "appearance"
grades based on the presence or absence of character marks were described in detail. It was
found that one-inch green lumber can be processed
into paneling no thicker than 21/32 inch because of
skipped or roughed areas remaining, caused by
warping. Analysis of losses during processing showed that 14.7 percent was lost in trimming and ripping boards and 3.5 percent was lost in machining. Analysis of costs and those of commercial firms
indicated that the following retail prices for oak
paneling are possible:
Panel grade
Wappello (clear)
Osage (small knots)
Montauk (large knots)
Shawnee (holes)

Price Q.!ll" square foot

$0.290
0.225
0.210
0. 195

These prices permit a profit of 10 percent on
all costs of manufacturing and a markup of 33 percent to the retailer.

PRQJ(:CT 287:

Effect of Stand Treatment on Growth, Seed Production, and
Regeneration of Bottomland Hardwoods
J.

M. Nichols, L. K. Paulsell

Progress Report:
The effect of cutting methods (as they influence
stand stocking and structure) and semi-controlled
periodic flooding on the growth, seed production,
and regeneration of bottomland species.
The following table shows acorn production
by conditions of stand structure and periodic flooding for the period 1956 to 1959. Except in the very
low production year of 1956, the flooded areas con-

sistently produced more mast than did the normal
areas.
Note: Each value is based upon a total of 75 seed
traps mechanically spaced over three %acre plots. The table includes mechanical or
animal damage acorns but not hollow or insect damaged acorns.
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PROJI:CT 290:

Use of Forced Air in Fire Control
J. M.

Nichols, L. K. Paulsell

Progress Report:

The small hand-propelled blower was tested
. through one fire season by the Missouri Conservation Commission. It proved to be sufficiently effective that they purchased additional machines. The
first blower tested proved to be very economical as
a fire tool in that labor savings the first season equalled the cost of the machine. The manufacturer of this small unit has been encouraged
to make certain changes in the equipment, includ-

ing more horsepower and discharge nozzle alterations. The new model appears to be much more effective, although it has not been thoroughly tested.
The tractor-mounted blower was tested on going fires to find out mechanical difficulties which
might be encountered. As anticipated it was found
that the blower should be mounted to work on the
front of the tractor instead of the rear. The change
was not accomplished during the year.

PROJI:CT 341:

Trees of Missouri
R. E. McDermott, C. D . Settergren
Objectives:

A. Develop a new photography technique to
photograph branch foliage sprays in the
field. Apply techniques to flowers, spring
and fall fruits and foliage to develop uniform contrast in photographs.
B. Continue herbarium studies at the University of Missouri herbarium.
C. Continue library studies for species descriptive material.
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Progress Report:

A. A new technique of photographing foliage
sprays was perfected and the foliage sprays of 74
species have been rephotographed. In addition, the
foiliage of 27 additional species has been photographed. Photographs have been obtained for the twigs
of 104 species and the flowers of 42 species. The balance of the photography will be done during the
spring and early summer of 1960.

species will have to be investigated further at the
herbarium at the Shaw Botanical Garden in St. Louis.
C. Species descriptive material has been obtained for 117 species. Additional library studies are
scheduled for the spring of 1960.

B. As a result of the species entity studies at
the University of Missouri herbarium it has been
decided that a total of 127 species representing 63
genera will be covered in the final publication. An
additional four genera (Crataegus, Prunus, Malus
and Salix) representing an undetermined number of

PROJ I:CT 345:

Preservation of Fence Posts and Farm Timbers
W.

J.

O 'Neil

Objectives:
A. To determine which m-e thods of treatment
give the optimum results.
1. To determine depth of penetration of

chemicals and preservatives.
2. To determine how much length of life is
increased by treatment.
3. To determine fungi and insects responsible for deterioration of treated and untreated posts.
B. To determine the relative or comparative
costs of treatment.
The posts set out in the area near Weldon
Springs were tested on October 10, 1959. A total of
55 posts failed during the year or at the time of testing. Twenty-two posts failed in 195 7 and 82 posts
failed in 1958. To date 159 posts have failed .

The posts in the plot near the Stadium in Columbia were tested on March 7, 1959. Eight posts
either failed or disappeared during the year. A black
locust and a ~bite oak post treated with a hot creosote bath for 2~ hours and a cold creosote bath for
1 hour failed.
Two catalpa control posts and 1 catalpa post
treated with a hot creosote bath for 2 ~ hours followed by a cold bath in creosote for 1 hour disappeared during the year. Two shortleaf pine control
posts and 1 shortleaf pine post treated with a hot
creosote bath for 2 ;4 hours followed by a cold creosote bath for 1 hour also disappeared during the
year. These posts were evidently stolen.
There are still 51 posts in the plot that are
serviceable.

SUMMARY TO DATE 1959

Item

Control posts no treatment
Creosote Pressure
Osmose salts
Double diffusion at St. James
Double diffusion at Weldon Springs

Total of
posts
set out

Posts
Which
have
Failed

Remaining
posts still
servicable

201
15
75
75
150

122
0
19
5
10

79
15
56
70
140

30
15
31
20
14
30
29
15
15
10
45

0
0
0
2
0
0
0
0
0
0
1

30
15
31
18
14
30
29
15
15
10
44

770

159

611

The following posts were treated with a hot bath in a 5%
solution of Penta in #2 fuel oil
Soaked
Soaked
Soaked
Soaked
Soaked
Soaked
Soaked
Soaked
Soaked
Soaked
Soaked

24
24
24
24
24
48
48
48
24
96
96

hours at 2.5 degrees C.
hrs. temperature not recorded
hrs. 10 degrees C.
hrs. temperature 42 degrees C,
hrs. temperature 5 degrees
hrs. temperature 4.5 degrees C.
hrs. temperature 5 degrees C.
hrs. temperature 20 degrees C.
hrs. temperature 24 degrees C.
hrs. temperature 2.5 degrees C.
hrs. temperature 19 degrees C.
TOTALS

The posts were checked again in September of 1960,
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PROJECT 346:

Forest Site Evaluation
A . ]. Nash
Objective:

A. To determine the influence of various factors on growth and yield in Missouri forests .
Progress Report:

A. During the summer, 104 shortleaf pine areas
in Oregon County, Missouri were examined for the
site factors affecting rate of growth. The informa·
tion taken at each area consisted of a description of
the topography-slop e, position on the slope, aspect
-and soil characteristics such as amount of rock,
consistence, structure, depth, color, permeability
and moisture. These characteristics are to be compared and correlated, if possible, with the site index, or the average of the dominant and co-dominant trees at 50 years of age. The soil type in Oregon
County is almost exclusively Clarkville stony loam
which is derived from Rubidous sandstone. The site
"rating", based on four independent variables, ranged from 6.2 to 15.61 and the site index ranged from
40 to 70. This is smaller range than encountered the
previous year but is due to the more uniform soil
characteristics. Chemical analysis of four representa·

rive soil samples was made by the Soils Department
and they all showed a very great deficiency in some
of the important basic nutrients, particularly calcium and phosphorous.
Photographs, black and white and color transparencies, were taken during the summer to illustrate various conditions of soil and topography
which affect growth rate. A substantial part of the
area under investigation was originally in pasture,
which was allowed to revert to forest land approximately 30 years ago. These areas now support good
shortleaf pine stands, some of which have been thinned to increase diameter growth rate.
One feature in this area, not encountered in the
previous year's work, was that on moderat:ely steep
terrain the surface of the ground was completely
covered by rocks ranging in size from 1" to 6" or
more in diameter. The low organic and clay content in the soil, together with excessive water runoffs, has carried practically all surface soil particles
down slope. This gravel "pavement" presents an intolerable seedbed for germination.

PROJECT 394:

A Study of Oak Reproduction in Missouri
]. M. Nichols, L. K. Paulsell
Progress Report:

The field study unit at Weldon Springs Experimental Farm was established. This includes 27 plots,
each 400 sq. ft. in area, in 9 groups of 3 each. The
3 treatments applied to these groups include full
canopy, 50 percent canopy, and canopy removed.
One plot in each group serves as a no treatment
check, one serves as a cut plot (oak reproduction
cut off at the ground line to produce new stems),
and the other is to be retained for trenching work
covered in the new- work plan. In addition to the 27
plot unit, two additional irregular area plots were
established on each of which 4 strip samples were
located at random- One of these plots had canopy
removed and on the other the overstory remained
unchanged. Both plots were burned ~o kill reproduction back to t:he ground line to produce new
stems.
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All stems were marked with wire stakes prior
to treatment and each was marked with a numbered
aluminum tag. Complete observations were made
and tabulated for each oak stem prior to 1959
growth according to work plan submitted for the
year ending June 30, 1960. Also in accordance with
this plan complete observations were made following the 1959 growing season.
Although results to date are fragmentary, it was
found that new stems arising following cutting or
burning reached over twice the height on canopy
removed plots as compared to full canopy plots.
Also, new stems arising on canopy removed plots
achieved almost as great a height in the one year as
had the original stems which were already approximately 8 to 10 years of age, on an average. These
results have not been· completely analyzed.

In the second phase of this study 4200 acorns
of northern red oak were planted on 42 plots using

PROJ I:CT 399:

7 ground treatments and 2 canopy treatments according to work plan for the year ending June 30,
1960.

State Survey of Forest Resources
R. H. Westveld, J. E. Lowe, T. E. Jordan, H. T. Hambrick,
Gilbert Begeman, E. P. Allen, R. S. Brundage
Objective:

To secure by counties a detailed inventory of
volume and condition of the forest resource by forest cover type, tree species and tree size classes.
Progress Report:

The field work and interpretation of aerial
photographs has been completed for the North and
the South Prairie Regions in Missouri. In the Southwest Ozarks Region (Reynolds, McDonald, Newton, Barry, Stone, Christian, and Ozark Counties),
the field work has been completed, but aerial photographs have not yet been interpreted. This leaves
five counties in the Southwest Ozarks area to be
completed. In the River Border Region, the field
work and interpretation of aerial photographs has
been completed in St. Genevieve, Cape Girardeau,

Perry, Scott, Mississippi, Stoddard, Pemiscot and
Dunklin Counties. This leaves thirteen counties to
be completed in the River Border Region. Field
work has been completed in all of Phelps County
and part of Maries County of the Northwest Ozark
Region. The remainder of the region, involving
eleven counties, is still to be completed.
In addition, the wood residue study has been
completed for the entire state. This involved studies
in six major areas of the production of lumber, veneer and cooperage bolts, handle bolts and pulpwood. Approximately 500 felled trees were measured to determine product value recovery and wood
residue per standard unit of measurement.
Survey data for the Eastern Ozark area have
been analyzed and a manuscript of the results for
that region is underway.

PROJI:CT 401:

The Identification and Importance of Certain Forest and
Shade Tree Diseases in Missouri
T. W. Bretz
Objectives:

A. To determine, in so far as possible and as
the need arises, the specific cause (or causes)
of various diseases affecting forest and shade
trees in Missouri.
B. To determine, if circumstances warrant, the
seriousness of specific disease problems and
the need for research on these problems.
During the year 151 forest and shade tree speCimens were received for disease diagnosis. Of these,
67 percent were elm, 14 percent were oak, 12 per, cent were conifers ljuniperus and Pinus spp.) and
the remainder were miscellaneous species. The diseases were identified as follows:

Number of
specimens

Diagnosis

.2f.!r.«
Elm
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40 Dutch elm disease (Cerqtocystjs
!:!lm.i): 1 Verticillium wilt (Verticillium albogtrym): 57 miscellaneous
non-pathogenic organisms: 1 phloem
necrosis (virus)

Oak

21

9 Oak wilt (Ceratocystis fogocearum):
9 miscellaneous, non-pathogenic
organisms: 1 leaf anthracnose
(Gnomo~ ~: 2 insect
troubles •

Pine

9

3 top blight S hoero si ~):
2 needle cost various flms:D:
2 needle rust (Coleosporium ~.):
2 unidentified.

Juniper

8

3 Phomposis blight (Phomopsis .i.!mlperovora): 1 cedor-opp le rust
(Gymnosporongium sp. ): 3 winter
injury: 1 unidentified.

Species
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2 Verticillium wilt(':£.. olbo-2!!:!::!!!l):
2 leaf anthracnose (Gioeos orium
opocryptum): 1 uni entified root
rot.
Based on iso lotion of cousol organism when necessary.

Maple

J/

5

1/

Referred to entomology.
(Lack of space will not permit the inclusion of all information
gathered in this study.)

PROJECT 406:

Marketing Wood Products
R. C. Smith
Objectives:

A. Market Organization
B. Retailing Missouri Lumber
Progress Report:

Project 406 was approved on January 23, 1960.
No work was done by January 31, 1960. Mr. Theo-

dore Meredith was employed on a part time basis
on February 1, 1960.

HOME ECONOMICS
Margaret W. Mangel, Department Chairman

PROJECT 130:

Studies on the Utilization of Processed Food and Food Improvement
Leta Maharg, Georgia Amick, Beverly Kluge,
Bernice Korschgen, Naomi Liming
Objectives:

A. To continue work on better methods of
applying meat tenderizers to piece meats.
B. To continue study on the development,
standardization and shelf life of a quick mix
using nonfat dry milk solids and dried egg
solids.
C. To study the use and · best method of incorporating dried eggs in food products.
D. To study the freezer storage of baked goods
using Missouri products · as apples, soft
wheat, lard and other available products.
E. To test the methods of use of new products,
which would contribute to nutritive value
of diets, as they appear on the market.
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Results:

A. Two levels of pancreatic enzyme, each
with and without the addition of sodium bicarbonate were tested as a tenderizer on the Semimembranosuus muscle to top round steak. Meat treated
with the lower level of one-fourth teaspoon per
pound of meat both with and without the sodium
bicarbonate increased the palatability scores of the
taste panel. Panel scores were recorded on the
hedonic scale, one indicating unacceptable, three,
acceptable and a score of five, very desirable. Controls and all treatments were scored acceptable for
flavor, juiciness, tenderness, texture and general acceptability except that the two control were rated
unacceptable in tenderness. The higher level of

enzyme, with and without soda increased some of
the palatability scores. An increase in 0.38 and 0.56
points in tenderness score for the one-fourth teaspoon equivalent per pound of meat and the same
level of enzyme with sodium bicarbonate was significant at the 5 percent and 1 percent level respectively. An increase of 0.41 and 0.60 points in scores
for these two treatments over the control for general acceptability was significant at the 2 percent
and 0.1 percent level, respectively. Differences between these two treatments was not significant for
any of the palatability scores.
B. Bulletin for "Missouri Mix for Home Baking" is at printers.
C. Journal articles on findings published.
Preliminary study was done on interrelation-

ships of treated egg albumens and sugar crystalization.
D. No definite conclusions to report. Various
thickening agents have been tested in cream pie fillings for behavior during freezing. Two satisfactory
formulae have been evolved; these are being tested
by three mixing methods and for varying storage
periods.
E. A study is in progress testing various methods of incorporating vegetable oils in pastry. These
are being quality checked-subjectively by a trained judging panel; and objectively by a new piece
of equipment.
New equipment has been designed and made
in the Missouri University Laboratory to test the
tenderness of pastry.

PROJ (:CT 162:

Criteria Concerned With the Selection and Performance
of the Adolescent Girls' Clothing
Adelia Ginter, Patricia Benson, Helen Heisinger

Objectives:
A. Serviceability of Flannel Shirt~
The results of this study indicated that flannel
shirts of this quality make good school shirts for
small boys. Since they do shrink, mothers should
be warned to buy them in an ample size.
B. Serviceability of Boys' Shirts and Jeans
1. Fabric shrinkage of the flannels was greater
warpwise than fillingwise and tended to be
progressive for the warp direction.
2. While the greatest change in measurements
of the flannel shirts occurred during the first
wear period, change continued in subsequent
periods.
3. While the initial breaking strengths were
approximately the same for both flannel and
gingham shirts, the gingham shirts showed
a greater rate of loss with all treatments in
all periods.
4. A comparison of the elongation and the tearing strength values for the flannel and gingham shirts might have predicted shorter wear
service for the gingham shirts. The high fillingwise elongation, as well as the high resistance to abrasion, probably contributed to

the better serviceability of the flannel.
5. Comparative fluidity values for the two shirt
fabrics suggest that the resin finish on the
gingham shirt weakened the fabric.
6. The most serious failure was in the sleeve
area of the gingham shirts.
7. The gingham shirts had excellent dimensional stability and color retention. On the
contrary, the flannel shirts showed sufficient
shrinkage lengthwise to cause problems in
fit as well as marked color change.
Missouri has cooperated with Kansas, Minnesota, South Dakota and Wisconsin in the preparation of a regional publication on the Serviceability
of Selected Items of Boys' Wearing Apparel.
Missouri, cooperating with the other stations,
periodically tried out the questionnaire on the Selection and Use of Clothing by Ninth Grade Girls.
As one of the four stations selected to draw the sample, interviews of ninth grade girls and their mothers
were made in four locations: Joplin, Webster
Groves, Jefferson City and Columbia, securing data
from a total of 533 girls and 110 mothers.
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PROJECT 163:

Studies to Improve Food Utilization and Selection ,
Preparation, Packaging and Storage Practices
Isabelle Delaney, Cleta Rodgers, Maxine Blickenstaff,
Georgia Amick
Objectives:

A. To develop recommendati ons for the preparation of palatable foods of high nutritive
value with special emphasis on new food
products and products important to Missouri Agriculture.
B. To determine the feasibility of using the
electronic range in new methods of meat

and poultry products and other products
being developed in other projects.
C. Twelve herbs were studied and grown un.
der home conditions. A vail able literature
was surveyed.
D. Pilot work with electronic range.

PROJECT 205:

Testing Flours from Regular Varieties and From Experime ntal Strains
of Wheat for Adaptive ness to Different Culinary Purposes
Leta Maharg, Cleta Rodgers, Nancy Webb, Bernice Christy
Objective:

To test and evaluate experimental ly milled
flours from the most promising wheat selected by
wheat breeding program.

Nine soft wheat flours were tested for baking
performance in cakes and cookies. Physical tests,
consisting of moisture determinatio n, viscosity
values and mixogram areas, have been made.

PROJECT 311:

The Relation of Family Financial Security to the Use
of Credit Resource s by Rural Families
Objectives:

Patricia Benson, Harold Bohling, George Coffman, Jr.

A. To determine the ways in which rural families use credit and the relation of selected
factors to the use and understandin g of
credit by rural families and their attitudes
toward credit as a resource.
B. To discover the conditions under which
credit advances and deters rural family
financial security and based on these findings, to develop criteria for helping rural
families toward better use of credit.
Progress Report:

Analyses of data concerning use of credit ob104

rained from 203 rural families in northern Missouri
and southern Iowa were completed. Results indi. cated that farm families believed borrowing money
was necessary and profitable for production purposes, but favored use of earnings for consumption
items.
Many believed it better to operate a large enterprise with borrowed funds than to operate a small
debt free business.
(Education of farm operator and knowledge of
credit sources were associated with willingness to
assume debt and with use of credit.)
One manuscript, "An Analysis of the Factors

Affecting Farm People's Attitudes and Use of Credit" was prepared.
For the next phase of the project a question-

PROJ~CT

naire was developed to obtain information from
farmer and nonfarm families concerning expenses,
use of credit, and attitudes toward and provisions
for meeting finanical emergencies.

314:

The Factors Affecting the Palatability and Nutritive Value of Poultry
Cecelia Pudelkewicz, Helen Gordon, Bernice Korschgen, Nancy Webb

Objectives:
A. To determine the amount of heat labile
vitamins and essential amino acids, lysine,
and methionine, in raw meat as well as in
meat cooked by frying, roasting and broiling.
B. To conduct palatability tests on poultry prepared by different processing methods and
cooking procedures in order to determine
methods which will produce more acceptable products.

Summary:
Comparisons were made of the flavor, juiciness
and tenderness of cooked meat, and the nutritive
value of the uncooked meat and livers of broilers
fed a practical ration and a semi-synthetic diet for
a period of 9 weeks. The birds fed the semi-synthetic ration were raised in batteries for 4 weeks and
continued in a growing pen on wire screens for 5
weeks; whereas the birds fed the practical diet were
divided into two groups at the end of 4 weeks in
the starting batteries. One half of them were continued in wire screens for the remainder of the feeding period and the other half were raised on a floor
pen with built-up litter for 5 weeks. A trained taste
panel of six homemakers found that the cooked meat
of broilers fed the semi-synthetic ration was not sig-

PROJ~CT

nificandy different in flavor, juiciness and tenderness
from the meat of broilers fed the practical diet on
either management practice. Statistical treatment of
the palatability scores showed that the cooked dark
meat was significantly more flavorful, juicier and
more tender than the cooked light meat from the
same bird.
Broilers fed the semi-synthetic ration contained
more fat and thiamine, and less moisture in the light
and dark meat, and more total nitrogen, thiamin,
and riboflavin in the liver than birds fed the practical ration. The semi-synthetic diet fed birds were
smaller in size and had less storage of abdominal
and subcutaneous fat than the birds on the practical
ration. No differences were found in the lysine and
methionine content of the meat from the broilers
fed the two rations; the broilers fed a practical diet
from the broilers fed the two rations. The broilers
fed a practical diet but raised on a floor with buildup litter were smaller in size, had less fat in the
dark meat, and less riboflavin in light and dark
meat than the birds fed the same diet but maintained
on wire screen floors. On all feeding practices the
dark meat had more moisture and fat, less total nitrogen, about twice as much thiamine and two and
one half times as much riboflavin as light meat.

317:

Factors Affecting Energy Intake and Expenditure
Cecelia Pudelkewicz, Helen Gordon

Progress Report:
This project was actually terminated in the
summer of 1959 when it was learned the calorimeter
would not be available. The following summary
appears on the project termination report.
"Preliminary work for carrying out a pilot
study with a gradient calorimeter was completed. A
comprehensive review of the literature on factors,

such as diet, age, sex and body-size, which affect
energy metabolism, was undertaken and an annotated bibliography on methods compiled. It was
necessary to stop at this point because lack of funds
halted work on the reconstruction of the small
gradient calorimeter and it did not become available
for use".
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PROJ(:CT 318:

Protein Requirements of Animals Including Man
Helen Gordon, Cecelia Pudelkewicz
Objective:

To investigate the influence of specific factors
on protein requirements of adult human subjects.
These include source and amount of protein intake,
distribution of certain nutrients among the meals
and source and amount of calories.
Progress Report:

Plans for a practical study of the benefits to be
derived from supplementing white bread with the
amino acid, lysine, have been completed. Essentially
these are as follows: nitrogen balances will be determined on 8 subjects, between 50 and 70 years of
age, while consuming their usual self-selected diets.
White bread with and without lysine will be sup-

plied by the nutrition laboratory. During the first
three, 5-day periods subjects will receive unsupplemented bread and during the last four, 5-day periods they will receive lysine supplemented bread.
Subjects being sought for this study are in low income groups.
Analysis of data collected on a metabolic study
conducted last Spring have been completed. There
appeared to be no difference between nitrogen balances of subjects receiving lysine-supplemented or
unsupplemented bread. In general, nitrogen balances
were more favorable when the men consumed the
egg-supplemented diets.

PROJ(:CT 319:

Serviceability of Fabrics Made From Cotton
of Selected Fiber Properties
Adelia Ginter, Mary Marks
Progress Report:

The 36 desized, unworn sheets of 4 varieties
of cotton were marked for shrinkage determinations.
Service testing of the sheets began in February. The
sheets from the first and second periods (5 and 15
weeks of wear and laundering) have been withdrawn. Counts, weights, and shrinkage have been

determined for them. Counts and weights have also been determined for sheets in the unworn group.
Interlaboratory testing for tearing strength has
been continued with Louisiana.
The templates used for sampling were completed by college workmen and sent to the stations
doing the wear testing.

PROJ (:CT 320:

Physical Properties of Cotton Fabrics Containing
Crease Resistant Finishes
Adelia Ginter
Progress Report:

Supplementary data on resin finished shirts are
being collected including:
1. Crease recovery boys ' resin finished shirt
from previous serviceability study.
2. Physical measurements on 3 varieties of worn
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and laundered white shirts.
Analysis of data for the physical measurements
made on the 6 varieties of men's shirts that were
laundered 10, 20 and 30 times is being done.

PROJI:CT. 352:

Factors Influencing the Stability of Anthocyanin Pigments in Fruits
Mina Glidden

Objectives:
To study methods for comparison and to compare the effect of various processing treatments and
storage conditions on the rate of deterioration of
pure anthocyanin solutions and anthocyanin in fruit
products.
Progress Report:
1. Methods for extraction and concentration of
the strawberry pigment were studied. The

method selected consists of precipitating the
pectic substances with acetones. After filtering off the pectic substances the mixture is
concentrated by use of vacuum distillation.
2. A second lot of 150 quarts of Blakemore
strawberries was obtained and frozen . The
pigment is now being extracted and concentrated.

PROJI:CT 353:

Development of Age Norms for Guidance
In Working with Rural Youth
Ruth I. Cooper

Objectives:
To develop age norms for children's emotional
growth that will be comparable in usefulness to
present age norms for physical and mental growth.

Progress Report:
The survey of the literature on emotional development has been completed and the next task is
to devise and pre-test objective behavioral items for
use in questionnaires for parents of children of preschool, school, and high school age. Also, preparation of questionnaires for teachers and the children
themselves. Since this study involves a triple-bar-

reled, "one-shot" survey of the entire school population of a metropolitan area and its surrounding
county, it is essential that the instruments used yield
a maximum of pertinent information without incurring resistance from school authorities, parents,
teachers or the children themselves. Thanks to the
recent Harvard Family Survey, it now seems feasible
and desirable to include in these questionnaires not
only items concerning the children's behavior but
also a number of simple innocuous items that should
yield considerable information regarding family
stability.

PROJI:CT 377:

Household Discard of Edible Foods
Isabelle Delaney, Cecil Gregory

Objectives:
A. To obtain information on the discard of
food brought into the household for consumption by selected families to be used in
conjunction with similar data with other
regions of the country to:
1. Improve appraisals of dietary adequacy of

family food consumption and
2. Formulate more realistic family food plans

and guides for nutrition education.
B. To determine the feasibility of area sampling
in dietary studies of this nature.
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Progress Report:

A manual for interviewers and dietary record
sheets was developed by modifying those used in
the Minnesota study on urban families.
Interviewers were trained and a study of sixty
families using the area sampling plan developed by
the Rural Sociology Department of University of
Missouri, has been completed on the following food
groups.
1. Meat, poultry, fish, fats and oils
2. Fruits, vegetables and nuts

3. Dairy products (excluding butter) and eggs
4. Grain products, sugars and sweets
Field work on this study was completed on December 12, 1959.
The dietary data are being processed and analyzed and the sample itself will be evaluated in reference to published census values and to the nonparticipators contacted.

HORTICULTURE
Raymond Schroeder, Department Chairman

PROJI:CT 243:

Pesticides for Disease Control and Their Effect
on Fruit Finish in Peaches
H. G. Swartwout
Objectives:

A. To study residual activity, phytotoxicity
and compatibility with insecticide and fungicide mixtures for better control of brown
rot and peach scab.
B. To find a material, with a suitable formulation for use under field conditions for the
control of bacterial spot and to develop an
effective program for its use.
C. To determine the relationship of post growth
applications of fungicides to the control of
secondary leaf curl arising from bud break
infections.
Progress Report:

Objective A.-Captan, 2-100 and wettable sulfur at 6-100 early and 4-100 late were equally effec108

rive against peach scab with a moderate develop·
ment of the disease on unsprayed controls.
Objective B.-An exploratory test was made
with a Phosphamidon-Captan combination for the
control of bacterial spot but the disease did not develop this year.
Objective C.-A full growing season's program
of sulfur, and a sulfur early-captan late program in
1958 almost completely controlled leaf curl for 1959
with a moderate development of curl on trees which
had received no fungicide the preceding year (1958).
The sulfur program was a little more effective than
the sulfur-captan program.

PROJI:CT 1:

The Use of Water in the Production of Horticultural Crops
A. D. Hibbard,). N. Corgan

Objectives:
A. Utilization of soil moisture of fruit crop
plants.
B. No work planned for this year.
C. Soil moisture reserves and their utilization.

Progress Report:
Moisture utilization records were not available
from commercial orchards this year. Irrigation systems were used very little this season on account of
a light crop and apparently sufficient midsummer
rainfall. Moisture blocks located in a five-year peach
orchard at the horticulture farm show a depletion of
soil moisture in the six foot profile at the drop line
by July 28. This was partially restored by a 4-inch
irrigation on September 1. The moisture supply
had not been replenished at the lower depth by
February 1, 1960.
The entire profile was at field capacity on May
3, giving a reserve supply of 12 inches. This was depleted to six inches by June 15 and to 1V2 inches by
July 10. Rains around July 15 prevented further depletion until July 28 when the entire reserve supply
had been utilized. The apparent utilization during
the month of June, which was without effective
rainfall; was 7.65 inches. Such trees :were under an
apparent moisture deficit from July 15 to November 15. Unless supplied with irrigation water. The
calculate moisture ~eficient for the growing season
was 21 inches. With a soil moisture reserve of 12
inches this would indicate that two additional irrigations of 5 inches each would have been required
to maintain some available moisture throughout the
root zone during the growing season. These trees
did not produce a crop in 1959, but appeared to
make a normal growth and set an adequate number
of fruit buds.
Soil moisture blocks placed at 3 foot intervals
to a depth of nine feet and between trees at four
foot intervals gave a picture of soil moisture extraction by the root systems of young four-year peach
and five-year apple trees. The area around each block
station was treated with a general herbicide and
mulched to prevent measuring moisture utilization
by the cover crop. The peach trees extracted some
moisture at the six-foot depth during the month of

August. The peach roots apparently did not take
moisture at a distance of eight feet from the trunk.
The apples showed strong root activity at the six
foot depth, but practically none at the 9 ft. level.
Also they were without effect at a distance of eight
feet from the trunk at any level. Matching maintained the soil moisture between the trees at field
capacity throughout the growing season. In this
soil the trees are extending their root system downward at about the same rate as laterally. Apple trees
on a semi-dwarfing stock had root systems with a
somewhat more limited range than standard trees of
the same age.
A pot culture experiment designed to study effect of time and duration of drought was conducted
with one-year apple seedlings. Drouth was imposed
by allowing the plants to deplete the soil moisture
supply to 15 percent of field capacity before enough
water was applied to restore the moisture to field
capacity. In the control series the available moisture
was not allowed to fall below 70 percent of field
capacity. Drouth occurring at any time except during the period from October 1 to May 1 caused a
reduction in growth as measured by total dry weight.
The later in the summer the drouth started the less
growth was reduced. When drouth conditions started early in the previous growing season, the concentration of phosphorous and potassium in the
leaves the following year was not changed, but when
the drouth started in October there was also an increase in the concentrations of these elements in the
leaves the following year. There was no detectable
effect on the magnesium concentrations. There was
usually more calcium the earlier the drouth started.
Drouth during the spring of the sampling year
increased the concentration of calcium, magnesium
and phosphorous, but caused a decrease in potassium. Drouth during the dormant season appeared
to have a slight effect on increasing the phosphorous
content. The effect on total growth was so great
that it probably overshadowed any effects on nutrient concentrations. Drouth occurring during the
months of May and June of the sampling year reduced growth by 50 percent. The total uptake of
nutrients by plants under an adequate moisture supply was also much greater.
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PROJECT 4:

Nutrition

of Fruit

Crops

A. D. Hibbard, D. D. Hemphill
Objectives:

A. Nutritional Status of Missouri Orchards.
B. Nutrition of Strawberries.
C. Nutrition of Grapes.
Progress Report:

Objective A: Leaf samples were taken from 31
commercial apple orchards in various areas of Missouri and from about 10 peach orchards, mostly in
Southeast Missouri, the samples were analyzed for
calcium, magnesium, phosphorus and potassium.
None of these elements differed significant! y from
a comparable sampling in 1958. Orchard on the
loessial soils along the Missouri River from Columbia west to Kansas City and St. Joseph are, from a
nutritional point of view, the best in the state. Tables
I and II summarize the results of analyses from 1952
through 1958.
Fruit bud samples taken in the dormant seasons
from 1956 through 1959 were compared with leaf
samples taken from the same trees during the preceding growing season. Correlations were not good
enough to give much hope for using dormant buds
to indicate the nutritional status of fruit trees.

Table I:

Soil samples were taken from under the same
trees as leaf sam pies on the loessial soils of West
Central Missouri. They were analyzed for exchangeable calcium, magnesium and potassium and for
total and "available" phosphorus. A comparison of
the analyses with the correspondin g leaf analyses
showed almost no correlation between the two with
respect to any element. Apparently a soil test gave
little indication of these soils nutrient supplying
power for fruit trees.
Work is progressing on the effect of moisture
stress on uptake and translocation of phosphorus
by plants. In nutrient solutions stresses high enough
to cause wilting of the leaves had no effect on absorption of phosphorus by the roots. A method has
been devised for studying uptake of P 32 from soil
suspensions, which will give a medium more nearly
like the soil than is a nutrient solution.
Objective B: No work conducted under this
objective.
Objective C: No work was done on this objective this past year (1959) .

Nutrient status of Missouri apple orchards from all leaf samples taken from 1951 through 1959.
%dry weight
p

K

Co

~

1.86

• 15

1.26

.53

.41
.20

.04

.31

Highest Value

4.75

.85

.42

3.20

% of orchards with
Deficient level*

5

Average
Lowest Value

21

22

Nutrient status of apple orchards from various areas of Missouri, 1952 through 1959.
K
P
~
Ca
Area
1.33
• 18
.39
2.06
Ave. Leaf%
W. Cen.
10
5
0
0
% of orchards def.
.83
.13
.42
2.05
Ave. Leaf%
E. Cen.
65
24
0
0
% of orchards def.
1.59
.11
.48
1.45
Ave. leaf%
Ozark
25
40
4
14
% of orchards def.
1.56
.42
1.08
-. 14
Ave. leaf%
SE Mo.
11
11
11
20
% of orchards def.

Table II:
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PROJ~CT

27:

The Study of Systematic Antimicrobial Agents, and Factors which
Influence their Effectiveness in Controlling 1-lortidultural Crop Diseases
R. N. Goodman, R. F. Becker, ] ames Barney

Objectives:

A. Fireblight and its control.
B. Mechanisms of resistance to disease.
C. Use of antibiotics in the control of horticultural crop diseases.
Progress:

A. In a particularly widespread epiphytotic
year throughout Missouri a streptomycin spray program of 5 weekly applications at 100 ppm resulted
in excellent control of the disease in Bartlett pear,
a variety exceedingly susceptible to the disease. A
low dosage of copper, 100 ppm seemed to be beneficial when combined with the streptomycin.
B. In studying the mechanisms of resistance of
the anthracnose disease of Digitalis it became evident
that the fungus C. fuscum was producing a toxin
that could reproduce the characteristic disease syndrome. The toxin was produced in shake culture
with excellent yields being obtained.
It was possible to characterize the toxin through
chromatographic and other chemical procedures.
These tests revealed the toxin to be a polysaccharidepolypeptide complex. The active component of the
complex appeared to he the polysaccharide which is
composed of glucose, galactose and mannose. A
number of the physical characteristics of the toxin
were also determined.
C. 1. Studies on the absorption of streptomycin
by foliage revealed the following information.
a. Using leaves of apple and Coleus which are
devoid of stomata on their upper surfaces it
was possible to discern direct cuticular penetration by streptomycin-a large cationic organic molecule (mol. wt. 600)
b. In the above plant species it was also noted
that absorption by the upper surface (of
strep.) was greater than by the lower surface.

c. With bean plants (stomata on both surfaces)
absorption was greater by the lower surface.
This was also true for pepper leaves.
d. For species examined, absorption by leaves
increased with increasing temperatures. (over
a range of 10-37°)C.
e. Similar increases were obtained by exposing
the leaves for longer periods of time to the
antibiotic.
f. Adsorption of streptomycin by homogenized
leaf tissue of apple, bean, peach, carnation
and pepper indicated that the adsorption of
this large cationic compound was, in fact, an
ion exchange phenomenon and competition
for adsorbing sites could be demonstrated by
a large number of inorganic metallic cations.
Perhaps the most effective in this respect
were Mn+ +and Ca+ +.
2. A study of the factors influencing the softrot decomposition of pre-packaged spinach provided
the following information:
a. Spinach grown during the warmer months of
the year were more susceptible to decomposition.
b. Decomposition was due primarily if not entirely to pectinolytic bacteria, fungi and
yeasts not significant in this respect.
c. The most prevalent bacterium being Brwinia
carotovora or a related species.
d. The rate of decomposition was positively
correlated with the concentration of bacteria.
e. This rate could be significantly reduced by
the use of 25 ppm of the tetracycline antibiotics (oxytetracycline and chlortetracycline).
f. The rate of decay was also greater in spinach
that contained higher amounts of nitrogen
(determined as total nitrogen).

PROJI:CT 68:

Stone and Pome Fruit Virus Diseases and their Control
D. F. Millikan, Milton Zaitlin, George Hall
111

Objectives:

A. Identification and eradication of virus infection in our commercial and nursery
stocks.
B. Virus spread in nursery and orchard trees.
C. Pome fruit virus studies.
Progress Report:

A. Identification and eradication of virus infection in our commercial and nursery stocks.
An apple scion block was indexed this past year.
One variety, propagated as free from the stem pitting virus, showed a mild mottle on one indicator.
This will be examined more critically during the
coming year.
Eradication of virus infection in the stone fruit
crop still depends upon detection of infection

through our indexing program. Accumulated data
on the indexing of scion and seed stocks indicate
that our indexing for the presence of virus and
eradication has given good control of the m:crotic
ring spot and sour cherry yellows viruses. Other
viruses have been detected through the use of special indicators or by visual symptoms. Eradication has
also controlled these diseases.
B. Virus spread in nursery and orchard trees.
Data from this past summer's indexing indicates
considerable spread of the necrotic ring spot virus
in our peach orchard. However, since there was an
unusually high incidence of disease it is possible
that our flowering cherry indicators failed to give
proper visual reaction in all cases. This will be rechecked on Montmorency in the greenhouse.

PROJECT 126:

Culture of Stone Fruits
A. D. Hibbard
Objectives:

A. Peach variety trials
C. Soil Management
D . Pruning
Progress Report:

A. The variety trial orchard is now entering
the fifth growing season. As of February 1960 there
is a good prospect for a full crop this season. Approximately 60 varieties and numbered selections are
now growing. Because of weather conditions readings on susceptibility to shot hole Xanthomonas
pruni were not possible.

C. The soil management plots will be started
this year as soon as a uniformity yield record can be
secured.
D . Differential pruning treatments were continued in the Red Haven block. Intensity as well as
distribution are being studied. Since the crop was
eliminated by winter cold, no yield data was possible. Tree measurements were made but are of little
significance without accompanying performance
record. These will be included with the 1960 report.

PROJECT 128:

The Breeding, Improvement, and Testing of Vegetable Varieties
V. N. Lambeth, A. D. Hibbard, Paul Prashar, J. F. Fontenot
Objectives:

A. The Breeding of disease resistant watermelons for commercial production in Missouri.
C. Evaluation of wilt resistant hybrids of L.
pimpinellifolium X L. esculentum and breeding for improved horticultural Characteristics.
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E. Evaluation of sweet potato varieties and
breeding stock.
F. North Central Regional Irish Potato Trials.
Progress Report:

Objective A: Missouri watermelon line BD 35
is large and more productive than any of the dis-

ease resistant lines of the Black Diamond type tested in 1959. Its chief defect is lateness of maturity.
Charleston Gray is probably the best variety for
general commercial production in Missouri. The ·
Summit was one of the most promising of the
newer introductions. Several lines of the ice-box
type melons are at the point where more extensive
field testing would be desirable to evaluate their
ground adaptability. These melons have for the
most part, round, dark green fruit weighing from 10
to 15 pounds. They have been selected for hard thin
rinds and superior internal characteristics.
Work was continued on developing small size
melons for home gardens and local markets. These
melons have the brush habit of vines, golden rind
color, early maturity, together with good edible
quality and attractive internal characteristics. Attempts are being made to develop seedless parent
·
stock in these lines.
that
indicate
Trials with seedless watermelons
melons with this characteristic have definite commercial possibilities. All commercial melons in the
future may .have this characteristic.
Several varieties exhibiting the orange flesh
character were evaluated. This is more attractive
than the older yellow-fleshed character and may
have commercial possibilities.
The evaluation of cantaloup varieties was continued. The newer disease resistant strains appear to
be equally desirable to the parent, susceptible varieties. Crosses with the objective of developing a
superior green-fleshed type were carried through to
the F 2 generation.
Objective C: Greenhouse Forcing Types. Ten new
pink hybrids involving crosses of 3 pink inbred
lines of diverse pedigree and possessing some resistance to Cladosporium were performance tested in
a greenhouse ground bed planting along with one
standard variety (Ohio WR3) and 9 breeding lines.
Numerous individual plant selections were made
from the segregating populations. The most promising new development was Hybrid 390, a first generation cross of breeding line 358 X Globelle. This
hybrid produced better than one pound per plant
more than Ohio WR3, was much more uniform in ·
size, smoother, with a higher percentage of market. able fruit.
Some progress was made in improving parental
line stock of the Tuckcross redfruited forcing hybrids.
Early Market Types-Staked Field Plantings. A
total of 23 new hybrid combinations was made and

tested in the staked planting along' with 6 commercial hybrids, one standard variety and 7 Station
hybrids from the 1958 tests. As in 1958, evaluations
were made for early yield, seasonal yield, fruit size,
freedom from radial and concentric cracking, fruit
shape, meatiness and color.
Two hybrids released in 1958, Mo. Cross Supreme and Mo. Cross Surprise were among the best
tested all factors considered and were favorably
received locally by commercial growers and home
gardeners. Progress was made in increasing fruit
size and in incorporating resistance to radial fruit
cracking. A genetic study of the mode of inheritance
of crack resistance was initiated.

General Purpose and Processing Types-Unstaked
Planting. Seventeen new hybrid combinations were
made and tested along with 10 STEP entries, 9 commercial varieties and 3 breeding lines in an unstaked planting at the Horticultural Experimental Farm.
With the exceptions of Surprise and Supreme hybrids, most of the material was rated inferior to two
standard varieties K146 and K135. STEP 280 was
rated best among the STEP entries. Two breeding
lines with multiple disease resistance developed by
the Florida (Bradenton) Experiment Station were
very promising.
Objective E: Breeding lines and varieties included in the "Uniform Regional Trials" and "Observational Trials", of the Sweet Potato Cooperators
Group (Southern Region) were grown and evaluated, using standardized procedures. Among the 8
entries in the "Uniform Trials", L-3-77 from the
Louisiana Station was recommended for release; of
6 entries in the "Observational Trial", only L-3-64
from the Louisiana Agricultural Experiment Station was recommended for advancement to the Uniform Trials.
Objective F: Four varieties and 12 advanced
breeding lines were tested in a randomized block
planting at the Horticultural Experimental Farm.
Entries were evaluated for maturity, yield of graded
(sized) tubers, specific gravity and freedom from external and internal defects. Highest general merit
ratings were awarded to Wise. Ag. 59, ND 3324-2,
Wise. Ag. 29, Bounty and Nebr. 45.51-3, moderate
to high yielding varieties with minimum internal
and external defects. Red Pontiac produced the
largest yield but tubers were rough and low in
solids. Wise. Ag. 56 and B73-3 showed excess second growth and Wise. Ag. 56, L 42-45 in excess of
30 percent vascular discoloration.
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PROJECT 129:

Physiology of Growth and Reproduction of Horticultural Plants
D. D. Hemphill, R. B. Nevins,);' B. Lower
Objectives:

A. To determine level of auxins and gibberellins in the plant in relation to stage of development.
B. To determine influence of synthetic auxins
and gibberellins on type and rate of vegetative growth and influence of flowering and
fruiting.
Progress Report:

A. Using the dwarf corn bioassay gibberellin
active substances could not be detected in peas,
strawberry crowns, strawberry runners (stolons)
and immature strawberry fruits.
Above extracts were separated by curtain electrophoresis.

Working with commercial preparations of gibberellins there was breakdown on curtain. Natural
auxins could be separated by this technique.
B. N-ortho-chlorophenyl phthalamic acid, 2, 3dichlorophenyl phthalamic acid, maleic hydrazide
and gibberellins were applied singly and in combinations to several species of woody ornamentals.
The above phthalamic acids tend to reduce apical
dominance and internode length, increase branching
and reduce elongation ordinarily produced by gibberellins alone. Tqe chemicals were similar in effects to maleic hydrazide.
The phtalamic acids increased flowering on
tomatoes, but were not effective in increasing flowering of peppers and ornamental woody species.

PROJECT 146:

Control of Weeds in Horticultural Crops
D. D. Hemphill
Objectives:

A. To evaluate chemicals for use in grape vineyards.
B. To evaluate chemicals for use in strawberry
plantings.
C. To evaluate chemicals for use in vegetable
and flower crops!
D. To evaluate chemicals for use in ornamental
nursenes.
E. To evaluate chemicals for use in the control
of lawn weeds.
F. To evaluate chemicals for use in the control
of vegetation around apple and peach trees.
Progress Report:

A. Simazin and diuron continued to give satisfactory seasonal weed control without evidence of
injury in a vineyard of mixed varieties.
B. Granular formulations of 2, 4-D, CIPC,
Neburon, CDAA (Randox), EPTC (Eptam), Palone
(3Y9) and Amiben were evaluated for weed control
from mulch removal through harvest in established
strawberries. Amiben and 2, 4-D caused severe in114

jury on several varieties, particularly Earlidawn and
Robinson.
C. Granular and liquid formulations of EPTC,
CIPC, CDAA, CDEC, Neburon and Amiben were
compared on several vegetable crops. Granular
formulations appeared safer for pre-emergence as
well as post-emergence uses. The use of granular
formulations of EPTC, CDAA, CDEC and Amiben
on snap beans at emergence appears to have considerable merit. Amiben appears very promising on
sweet potatoes.
CIPC gave effective weed control in perennial
flower beds containing iris, tulips, hyacinths, daffodils and verbena.
D; Granular CIPC gave effective control of fall
germinating over-wintering weeds in nursery plantings. Simazin gave effective control of spring and
summer weeds. Species with shallow fibrous root
systems are sensitive to most herbicides.
E. Dachtal was the most effective of several preemergence crabgrass herbicides. AMA-(ammonium
methyl arsonate) gave excellent post-emergence con-

trol of crabgrass combination of DSMA and Nbutyl 2 propoxybenzoate gave effective control of
knotweed (polygnum aniculare).
F. Diuron, simazin and Aminotriazole gives effective control of weeds around apple trees. Peach

PROJ~CT ·

trees are very sensitive to diuron and aminotriazole
and somewhat sensitive to simazin.

169:

Promotion of 1-/orticulture
Staff-Department of Horticulture
Report of Progress:

Report of research findings and recommendations were given to the horticultural crop producers
in the state through the following department publications:
1. Horticultural News
2. Floricultural News
3. Vegetable News
4. Weekly Spray Letter
The apple merchandising work of bringing

producer and buyer in touch with each other in the
form of an up-to-date availability of apple letters.
The attending of horticultural meetings by all
staff members to present information of interest to
producers and other research workers.
Assisted in the conduction of Short Courses in
the fields of Floriculture, Landscape Gardening,
Vegetable Growing, Fruit Production, and Food
Processing.

PROJ ~CT 194:

Grape Disease Control and Pesticide Compatability Studies
H. G. Swartwout, Brian Jones
Objectives:

A. To evaluate new fungicides and determine
suitable programs for their use in the control of black rot, mildew and dead arm disease.
B. To determine compatability relationships of
grape pesticides including combinations of
fungicides, insecticides and acaricides.
Progress Report:

Do dine at ';4 and at 'h, each rate with fer bam
1 to 1 Yz and with zineb 1 to 1 Yz; and, fer bam 1 plus
Phaltan 1, gave about equal and best control of
black rot. Dodine alone at %; and, Niacide Mat 2
through bloom and thereafter alternated with
Niacids M at 1lh plus COCS at 1 were the least effective. Ferbam 2, early, followed by zineb later,

PROJ~CT

gave good control while Phaltan at 2 alone all season gave fairly good control. COCS caused severe
foliage injury and was discontinued after the second
application. Late applications of Phaltan caused some
scorching of leaf blades but injury was much less
than in the two preceeding years. No mildew developed this past year.
Eight (8) brands of malathion were tested for
compatability with 6 brands of ferbam. With most
brands of malathion, excessive separation and floating out of the ferbam occurred during agitation.
Only two brands of malathion showed satisfactory
mixing comparability. Subsequent change in the
formulation of one incompatible brand of malathion
resulted in good combining qualities with ferbam.

195:

Induction of Fruit Thinning and Control of Pre-l-larvest
Dropping of Fruits by Plant Growth Regulators
115

D. D. Hemphill

Objectives:
A. Induce reduction in fruit set of apples by
post-bloom sprays of plant growth regulators.
B. Induce reduction in fruit set of peaches by
post-bloom sprays of plant growth regulators.
C. Study effects of surfactants on increasing
thinning action of plant growth regulators
and reducing variability.
Progress Report:
A. Application of Naphthylacetamide at petal
fall followed by naphthaleneacetic acid two weeks

PROJ~CT

later gave satisfactory thinning of Golden Delicious
Apples.
By the use of Tween 20 a surfactant 1 pint/ !()()
gal. concentration of naphthaleneacetic acid and
naphthylacetamide could be reduced by Y2 or more.
Naphthaleneacetic acid 4 p.p.m. and Tween 20
1 pint/ 100 gal. tended to give excess thinning of
Jonathan apples .
B. N -1 naphthylphthalamic acid at concentrations of 100-300 p.p.m. gave good thinning of most
varieties of peaches.
3-Chlorophenoxypropionic acid failed to give
satisfactory thinning.

196:

Physico - Chemical Properties of Roots of Vegetable Species
V.N. Lambeth, Prosonto Biswas

0 bjective and Results:
A. Development of suitable techniques for
measuring root exchange capacity, surface area and
other physico-chemical properties. Determine the
effects of external environmental conditions on root
area, cation exchange capacity, root extension, etc.
B. Root exchange capacity values for vegetable
roots as determined by spectrographic analysis of
the cations in acidic washings of the roots were in
close agreement with values obtained by electrodialysis methods. This exchange technique was not
sensitive to temperature.
Progress was made in developing a technique
for rapid measurement of root surface areas. The
method involves the adsorption of 1 percent methylene blue dye followed by removal in an acidified
alcohol solution and comparison of the optical
density of the alcoholic solution with that of a
standard curve at 620 millimicrons.
C. Effect of Cationic Composition of Nutrient
Solution ·
Widely variable Ca/ K ratios in the nutrient
solution in which Phaseolus vulgaris (var. Topcrop)
plants were grown had no effect on the root exchange capacity, but generally resulted in a corre-

sponding increase in Ca / K adsorbed on the roots
but a narrower ration of Ca/ K accumulated in the
tops. Increasing the concentration of KH 2 P0 4 in
solution resulted in a very significant increase in the
Cai K adsorbed and widened the Ca/ K ratio accumulated in the tops. Apparently, the phosphate
ion has a specific effect in bonding Ca to the root
surface while K is absorbed and accumulated more
freely.

Effect of Root Temperature
No significant difference was found in the root
exchange capacity of Phaseolus vulgaris (variety
Topcrop) grown at nutrient solution temperatures
of 72-76°F. as compared to 79-83 °F.
Effect of Root Age
Root exchange capacity of corn seedlings increased from 26 m.e./100 gms. dry wt. at 15 days
to 32 m.e./100 gms. at 30 days. Whether this reflected a change in the root area / weight ratio or
variable density of change per unit area of root was
not determined.

PROJ ~CT 232:

Pesticides for Disease Control and Their Effect
on Fruit Finish in Apples
116

H. G. Swartwout

Objectives:
A. To evaluate new fungicides for the control
of apple scab and cedar rust.
B. To find the best fungicides and develop
suitable programs for the control of such
summer diseases as sotty blotch, fly speck,
black rot, Botrysphaeria rot and alternaria
spot.
C. To determine the relative effectiveness and
safety with other pesticides of different
f<'>rms of sulfur for powdery mildew control
along with the development of suitable programs for the use of hoth older and newer
fungicides that show merit against this disease.
Report of Progress:
Objective A-Cedar rust control: Niacide Mat
2 plus zineb 3,4, 1st., excellent; captan 1112 plus zineb
¥4, 2nd., excellent; clodine Y2 plus zineb 3,4, 3rd.,
excellent; Niacide Mat 2, 4th., good; clodine ~' 5th
fair; Phaltan 2, 6th, fair. Scab development was too
light for a good reading.

Objective B-Summer disease control. For alternaria on Jonathan, Phaltan 2, 1st., excellent; -zineb
2, 2nd., excellent; lead arsenate 2 plus ferbam 3rd.,
good; Glyodin 1 Y2 pts., plus zineb ~'4th., fair;
Niacide M at 2, 5th., poor; clodine ~' 6th., poor.
For combination alternaria and Botrysphaeria on
Golden Delicious, Zineb 2, 1st., excellent; Phaltan
2, 2nd., good; captan 1 plus maneb ~., good; lead
arsenate 3 plus ferbam Y2, 4th., good; glycidin 1Y2
pts., plus zineb ~, 5th., poor; Niacide M at" 2 and
clodine ~, no control. For sooty blotch on Goldens,
zineb 2, excellent; phaltan 2, excellent; captan 1 phis
maneb 3,4, excellent; lead arsenate 3 plus ferbam Y1,
good; glyodin 1 Y2 pts., plus zineb ~' fair; Niacide
M at 2 and clodine ~, poor. Fruit finish ratings on
Goldens, captan 1 Y2 plus zineb 3,4 best and excellent; Phaltan 2 and Niacide M at 2, excellent; clodine
~ extensive russeting.
Objective C-A bentonite fused sulfur and a
regular wettable sulfur in combination with captan
gave the same degree of spotting of Delicious foliage on an equal sulfur basis.

PROJECT 233:

Technology of Apple Products
M. R. Johnston

Objectives:
A. To develop a technique for making frozen
concentrated apple cider.
B. To develop a continuous mechanical device
for apple juice extraction.

Report of Progress:
Continuatiori' of this study was interrupted by
the resignation of the project leader; Dr. M. R.
Johnston.
Data from previous work was further analyzed
and evaluated for the purposes of terminating the
project.

PROJECT 234:

Technology of Irish Potato Products
M. R. Johnston

Objectives:
A. To determine the relative storing qualities
of Irish potatoes 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.

Progress Report:
Continuation of this study was interrupted by
the resignation of the project leader; Dr. M. R.
Johnston.
Data from previous work was further analyzed
and evaluated for the purpose of terminating the
project.
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PROJ ~CT 258:

Horticultural Pathogens
D. F. Millikan, M. N. Rogers
Objectives:

A. Identification of pathogens.
B. Study of the etiology, symptomatology and
control of new diseases of ornamental plants.
Progress Report:

Approximately eighty letters were answered
concerning diseases affecting horticultural crops. In
some cases, a few trips were made to examine conditions that could not be covered by mail. No par-

ticularl y new or exotic diseases were noticed during the past growing season although one case of
complete infection with virus on a raspberry planting was reported.
A previous! y unreported bacterial rot of poinsettia cuttings during propagation was discovered,
identified and publicized. Tentative control measures involving sanitation are recommended until
further studies can be carried out.

PROJ ~CT 285:

Chemical Inhibition of Plant Virus Diseases
D. F. Millikan, R. E. Brown, Milton Zaitlin
Objectives:

A. Physiology of virus multiplication.
B. Antimetabolite Studies.
Detailed Results:

A. Physiology of virus multiplication.
1. Virus multiplication in isolated leaf cells.
Since the waxy cuticle of the surface of leaf tissue may act as a barrier to the absorption of substances of interest in virus synthesis studies, a method was developed to prepare quantities of isolated
leaf cells to overcome this problem. Such cells were
found capable of supporting virus multiplication
and therefore adaptable for a wide range of studies
on the cellular level that could not be possible with
intact leaves on growing plants.
Although these cells will remain viable for as
long as a week in the appropriate buffer nutrient
solution, it has not been ppssible to prevent growth
of contaminating fungi and bacteria. Consequently,
studies of short range duration involving the uptake
of certain labelled amino acids have been made. The
results of these studies will be available in another
year.
2. Nucleic acid studies in cherry.
The methodological aspects insofar as nucleic
acid (NA) studies now are virtually completed. Last
year we reported the development of a method to
extract the total N A from leaf tissues of higher
plants. Since the thymine content of hydrolyzed NA
was less than 10 percent of the uracil, we proposed
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that for routine analysis of NA constituents in leaf
tissues, total N A may be considered as essentially
ribosenucleic acid (RNA). Recently, we have developed a method to detect the deoxyribonucleic
acid (DNA) content. Since the total NA amounts to
about 5 milligrams per gram dry weight while the
DNA is about 100 micrograms per gram dry weight,
it turns out that DNA is about 2 percent of the total,
therefore total NA is essentially all RNA.
B. Antimetabolite studies.
Obtaining virus-free tissue from virus lLfected
plants has been realized only in a few specialized
cases, i.e. heat treatment has been shown to be effective on occasion and in a limited number of instances the stem apex of virus infected plants could
be removed and induced to grow into a plant free
from virus. In our studies, chemicals were employed
with and without heat treatment since it was postu·
lated that a synergistic effect might be obtained
Tobacco plants infected with the tobacco mosaic
virus were treated with the various chemicals and
assayed for virus content at the end of each experiment. Seventeen chemicals have been examined
alone or in several combinations with each other,
both with and without heat. None of the experi·
ments have freed the stem apex, but these studies
are continuing with an emphasis on a better meth·
od of applying the chemicals to insure continuous
absorption into the plants.

PROJECT 291:

Problems In Small Fruit Culture
D. D. Hemphill, J. B. Lower

Objectives:
A. Evaluation of new strawberry varieties.
B. Improvement of strawberries by breeding.
C. Evaluation of blackberry and raspberry
varieties.
D. Study of sterility in prambles.
Progress Report:
A. First and second year yield data collected on
twenty-seven varieties of stra wherries. Surecrop,
Pocahontas, Dixieland, Midway (MD-US 2389) and
Sparkle were most promising.
B. 6033 seedlings evaluated for the first time. 36
selected for further testing. 25 selections fruited in
25 ft. plots and evaluated. 5,000 seedlings set for
first evaluation in 1960.
C. Early Harvest and Jersey Black continue to

be most promising blackberry varieties while Bristol
and Marion are the most satisfactory raspberry varieties.
D. Partially sterile strains of several varieties of
blackberries were root-approach-grafted to perfect
fruiting Early Harvest variety. Sterility condition
transmitted in all cases.
Sterile blackberry plants were heat-treated on a
heat chamber for possible inactivation of sterilityinducing factor. Tip cuttings were rooted and will
be fruited in the summer of 1960.
Sterile black raspberries were cane-approachgrafted to perfect fruiting black raspberry and blackberry plants. Similar grafts made between sterile
blackberries and perfect fruiting black raspberries.
Results will be observable in the summer of 1960.

PROJECT 293:

Greenhouse Flower Crop Production
M. N. Rogers, J. E. Smith, Jr., R. B. Rothenberger

Objectives:
A. Relation of soil analysis to flower production and quality.
B. Greenhouse environment and its effect on
flower production.
C. Factors affecting the keeping quality of cut
flowers.

Report of Progress:
Objective A: Work under this objective was to
have been carried out in the new research greenhouses planned for completion in June 1959. Since
the space has not as· yet been made available to the
Department, we were unable to carry out the work
planned. This work will be initiated as soon as the
greenhouse space is turned over to the Department.
Objective B: An experiment studying the relation of root environment during early growth stages
to the eventual development and quality of snapdragons is currently in progress, but harvest of the
crop and analysis of the data is not yet complete.
The effects of variations in moisture and nutrient supplies in the small plant stage are being rechecked and in addition, the effect of varying de-

grees of root injury at the time of transplanting is
being investigated.
Density and placement of snapdragon florets on
the spike have been found to be related to an interaction between the variety used and the season of
the year during which it is grown. Certain varieties
tend to produce excessively sparse and elongated
spikes when grown during specific seasons and extremely crowded spikes at others. Since this problem may be overcome by proper variety selection
for different seasons and since more and more good
varieties are being introduced by plant breeders for
the "difficult" periods, the overall practical importance of the problem is beginning to diminish.
Objective C: One of the first qualities a buyer
of cut flowers looks for is stem strength. However,
up until now, no simple method for making objective measurements of this characteristic has been devised. Therefore, a comparison of different methods
for measuring stem strength has been started.
Four types of measurements were compared on
a large group of snapdragons, which included (1)
stem caliper measurements at the Illidpoint of the
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stem, (2) stem length and stem weight measurements from which .was calculated the number of
grams per inch of stem, ( 3) shear tests of central
sections of the flowering stem and (4) measurements
of the degree of bending actually occurring under
standardized conditions.
For the latter measurement, a special device
called a Flexometer has been built and used experimentally. This test has proven to be quite useful
and the instrument is easily constructed, is adjustable for slightly crooked stems and may be used in
several different ways to assay stem strength.
Of the four stem strength measuring methods
used, all but the shear tests were found to correlate
quite well with each other; indicating that any one
of the three might conceivably be us.ed as a suitable
objective test. However, since the bend~ng test comes
closest to measuring the same quality the user
would observe in handling the flowers, this may
have a slight edge over other stem measurement
methods.
Kelly and Hamner (1958) reported that the
addition of the chelating agent Cupferron to solutions into which cut snapdragons were placed in-

creased vase life of the flowers. Greatest effects were
obtained when the chelating agent was added to
solutions containing floral preservatives.
Preliminary work has been carried out to verify
these findings and to determine an objective measurement which can be made to mark the end point
of a given trial. To date, we have found that commercial preservatives alone increase life 2 to 3 times
over plain water controls, and that addition of chelating agents gives some additional benefit. Further
study of this point is in progress.
Two methods of determining end points have
been compared. One involves daily weighing of the
cut flower stems and declaring the flowers "dead"
when the stem weight drops 2 grams or more from
the previous high measurement. The other consists
of counting the number of open florets on the spike
at the beginning of the experiment and declaring
the flowers "dead" when half or more of the originally open florets either absciss or wilt. The results
of numerous trials indicate that the drop in fresh
weight occurs about 24 hours before the B.oral wilting and/or abscission.

PROJECT 295:

Market Quality

of Processed Missouri Vegetable Products

M. R. Johnston, A. D. Hibbard, Neil Finley,). D. Edwards
Objectives:

A. Correlate the quality factors of raw product
as to its resulting influence on market quality of processed vegetables.
B. Investigate the prediction of optimum-maturity-date by use of the heat unit method
and/or possible new methods.
Progress Report:

Evaluation of the quality relationships of processed broccoli and kale was continued during the
year. Approximately 30 broccoli samples and 75
kale samples were analyzed for total solids, ascorbic
acid, color by reflectance, crude fiber and shear resistance by the L.E.E.-Kramer shear-press. In addition, the broccoli samples were analyzed for iron,
manganese, magnesium, calcium, phosphorus, potassium and sodium and total ash. Both vegetable
crops were investigated further as to the association
between air and soil temperature summations and
maturity and quality changes.
In comparing the edible parts of the broccoli
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plant (stem vs florette) it was found that the stems
contained significantly higher concentrations of ascorbic acid, potassium, total ash and crude fiber and
had significantly lighter color; whereas, the B.orettes
contained significant! y higher concentrations of total
solids, iron, manganese, magnesium, phosphorus and
sodium and had significantly darker color. Calcium
did not differ significantly between the two edible
parts.
Comparison of both kale and broccoli varieties
on tht basis of maturity, yield and processed quality
have resulted in the following varietal recommendations for Missouri:
Kale-Tall G~een (a curly type) for both fall
and spring plantings.
Broccoli-DeCicco (early maturity) and Green
Mountain (good yield, large heads) for spring plantings, but only DeCicco for fall plantings.
Additional work on okra, spinach, sweet potatoes and tomatoes was interrupted by the resignation
of the project leader; Dr. Melvin R. Johnston.

POULTRY
Ernest M. Funk, Departmen t Chairman

PROJEC T 17:

Relationship of Egg Compos ition to the Preservation
and Utilization of Shell Eggs and Egg Products
0.]. Cotterill, E. M. Funk, F. E. Cunningha m,]. T. Colburn,
Walter Seideman, and Beverly Kluge
Objectives:

A. Influence of season and age of bird on shell
egg quality and egg composition .
B. Importance of various handling methods and
treatments for retaining " quality" in shell
eggs and egg products.
C. Role of chemical additives in altering the
physical and functional properties of egg
white.
Progress Report:

The yield of white, yolk and whole egg liquid
and solids was observed as a function of egg size
and age of bird. Obtaining smaller eggs from older
birds tends to maximize yield of egg yolk with respect to white. Egg white yield can be maximized
by obtaining larger eggs from younger birds.
Season was not significant in its effect on the
functional properties of egg white as determined by
angel cake volume. The age of the bird had no effect
on the functional capacity of egg white in angel
cakes when the albumen was blended to the same
viscosity.
Lipase did not improve the functional properties of yolk contaminate d egg white. It was thought
that lipase would hydrolyze yolk glycerides to less
harmful components . The addition of sodium oleate

to normal egg white and to the yolk contaminate d
white increased angel cake volume but the addition
of lipase to the sodium oleate treated white did not
produce a further supplement al effect. Lipase treatment of egg white from aged eggs did not restore
original angel cake making properties.
A study of factors that influence the accuracy of
the monomolec ular film test for lipids in albumen
revealed that variations in oxidized oil, temperature ,
time and surface pressure have a bearing on the area
of spreading film . An alternate means of measuring
the lipid spread was devised which compensates for
surface pressure variation and direct! y measures the
area of the lipid film.
Nonionic detergents were detrimental to functional properties. This loss was closely related to
lowering of surface tension. The cationic detergents
also lower functional efficiency but the loss was
more gradual. Anionic additives at low concentrations resulted in an increase in functional efficiency.
Maximum effect was obtained when additive concentration was high enough to complex protein but
without precipitation . Electrophoretic patterns show- ·
ed that both ionic species will bind and precipitate
specific protein fractions at relatively low concentra-.
tions.

PROJECT 164:

Breedin g Chicken s for Egg Production by Recurrent Selectio n
and lntraflock Selectio n Method s
A. B. Stephenson, Q. B. Kinder, E. M . Funk, Bobby Jones
Progress Report:

A repeat test of Recurrent Selection and a new
test on family-indiv idual selection was started with

chicks hatched in 1958. The Cornell Random Control Population was used as the base population for
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both the family-individ ual population and the female side of Recurrent Selection system. The four
inbred lines previously used in the recurrent selection program at Missouri and eight additional inbred lines were used as male lines. These 12 male
lines were evaluated on the basis of the progeny
they produced with the control population females.
A simple index on data to 34 weeks of age indicated the better male lines for mating on this
group of females were Minn. White Rock line 530,
Mo. Rhode Island Red line R3, Minn. Leghorn line
520, and North Carolina Leghorn line 1.
The progeny from Minn. 530 did not maintain
their superior rate of production from 34 to 64
weeks of age. During this period their production
was about the same as the mean for all crosses.
Selection in both the Recurrent Selection and
family-individ ual systems was based on egg numbers. Correlated changes in other traits will be measured.
Three population of 2-way cross females, which

PROJ~CT

were produced by the Recurrent Selection, were
mated to unrelated inbred lines to produce 3-way
cross progeny. The dams were selected .for high and
low rates of egg production on both a family and
individual within family basis. Family mean was
more reliable than individual values as a measure of
inherited egg production. Selection was effective in
either increasing or decreasing rate of production by
about 3 or 4 percent.
The mean rate of all 3-way crosses was 6 percent lower than the mean of their 2-way cross dams.
This decline was thought to be due to the loss of
specific combining ability.
Differences in rate of production among the
progeny of male lines mated to the same female
line were significant for several rates of production
and age first egg.
Differences among the progenies in egg weight
were significant when classified by the dam line but
not when classified by the sire line.

244:

Systems of Flock Replacem ent, Feeding,
and Laying House Managem ent
Q. B. Kinder, E. M. Funk,). E. Savage and Elmer L. Nichols
Progress Report:

A. Published a 3-year study (Bul. 728) showing
"Season of hatch effect on egg size, production and
economic returns from egg-strain birds." February
to June hatches kept for 13 to 14 months of production were most profitable.
B. In progress; insufficient data.
C. Floor space allowance study indicates very
little reduced production or feed efficiency when
floor space was reduced from 3 to 1 Y2 sq. ft. with
yearling hens in laying shelters. Part year test with
pullets show a reduction from 73.5 to 69.1 percent
in production when fl.oorspace was reduced from 3
to 1 Y2 sq. ft. Feed efficiencies remained about the
same.

PROJ~CT

D-1. Restriction of feed to 70 percent of normal intake on pullets from 8-24 weeks resulted in
21.4 percent less gain in weight and 28 days later
sexual maturity than full-fed pullets. Feed restriction by addition of soybean hulls gave intermediate
resUlts.
D-2. Comparison of 4 systems of feeding laying hens showed no difference in egg production.
The systems of feeding compared were 16 percent
protein all mash, 16 percent protein commercial
crumbles, 20 percent protein mash and hand-fed
grains and a 32 percent protein mash plus self~fed
corn and oats.

255:

Rations for Laying Hens
J. E. Savage, E. L. Nichols, E. M. Funk
Objectives:

A. Effect of changing the energy level of the
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ration on the productive performance of

laying hens.
B. Effect of unidentified nutritional factors on
hatchability.
Progress Report:

All-mash, mash-grain and concentrate- grain
feeding programs were tested with egg-strain and
broiler-strain hens. No differences in production or
feed efficiency due to the system of feeding were observed in the egg-strain White Leghorns. Production averaged between 71 and 72 percent for the 308
day test for all three systems.
Production of the broiler-strain White Rocks
averaged 53 percent on the all-mash ration which
was about 4 percent higher than production on the
other two rations. Feed efficiency values were also
improved on the all-mash· ration.
Egg weights showed a tendency to be increased
in the rations where corn and oats were fed free
choice with the concentrate and this was correlated

to some extent with the higher body weights which
developed on the concentrate and grain type rations.
Equal hatchability of fertile eggs was observed
with the all-mash and concentrate plus free choice
grain system.
Reproductive studies were also conducted with
purified type diets. It was found that when a purified ration low in zinc was supplemented with .02
percent zinc carbonate less feed was required per
dozen eggs, hatchability was increased, shell thickness was improved and egg weight was increased.
The zinc supplement did not improve rate of production. Egg production on both of the purified
diets was from 4 to 5 percent less than that of comparable birds which received a practical control ration. Further studies are planned to identify the
nature of the factors which are deficient in the supposedly complete purified diet.

PROJECT 277:

Nutritional Requirements of the Chick
J. E.

Savage, Dale A. Ross, E. M. Funk

Objectives:

A. To determine the amino acid requirements
of the chick for maximum growth.
B. To determine the requirement of the chick
for unrecognized growth factors.
Progress Report:
Amino Acid Requirements. Purified diets were
used to study the requirement of broiler-type chicks
for the amino acid arginine. Contrary to reports
published some years ago that heavy breed chicks
required less arginine than White Leghorns it was
found in the current studies that the fast feathering
rapidly growing meat-type birds presently being
used for broiler production require at least as much
arginine as a fast feathering egg-strain bird such as
the White Leghorn.

Unidentied Growth Factor Studies. In three trials
with 3600 broilers it was concluded that a 44 percent protein soybean oil meal diet was improved by
supplements of zinc and further improved by supplements of fish meal, dried whey, distillers dried
solubles and corn fermentation solubles. Fifty percent protein soybean oil meal supported better
growth and feed efficiency than the 44 percent protein meal and was also improved by the addition of
the fish, whey and distillers solubles supplements
but not to the same extent as the 44 percent meal.
A packing house by-.(>roduct was found to contain a factor or factors which also stimulated the
growth of chicks. This factor did not seem to be
identical with any of the vitamins or minerals
known to be essential for the chick.

PROJECT 292:

Photoperiodi city and Age on Chicken Reproduction
H. V. Biellier, E. M. Funk
Objectives:

A. The effect of varying day-lengths on time of
oviposition in the domestic fowl.

Progress Report:

The utilization of a 23-hour day-length for
chicken breeder hens proved to be a satisfactory
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means of identifying hens having a short interval
between ovipositions. Six pullets of a population of
48 progeny produced from dams which were selected in 1958 demonstrated the ability to lay eggs at intervals less than 24 hours apart. These hens confirm
the hypothesis that hens do exist which are capable
of producing eggs at a rate greater than one per 24hour day. These superior breeder birds have not
been identified in the past due to the blocking action of the normal 24-hour diurnal cycle.
The restriction of light to 6 hours per day during the growing period of pullets proved satisfactory if begun before they reach 14 weeks of age and
continued to 21 weeks of age. Pullets restricted at
18 weeks of age for a period of three weeks were
delayed in sexual maturity and showed lower annual
egg production. The effect of light as a stimulus to

egg production persists for at least 4 weeks on laying hens subjected to unfavorable lighting conditions.
Laying hens which received a 1 5-minute increase of the lighted period per week during the
laying season showed a 3.5 percent higher egg production than those which received a constant 14
hours of light. The day-length of 26 hours was more
favorable for egg production than the 24-hour day
maintained throughout a complete laying year. Use
of longer days (24-26 hours) for laying hens can increase annual egg production by permitting sustained ovulation and ovipositions. Through the use of
day-lengths longer than 24 hours controlled egg
production at a uniform rate can be obtained as a
means of lessening experimental variation due to
egg production.

PROJECT 296:

Thyroid Activity of Chicken Laying l-Iens
H. V. Biellier, Armando Rosales, and E. M. Funk
Objectives:

A. To de.termine the level of thyroid gland
activity of laying hens as related to age, season and rate of egg production.
B. To determine the effect of environmental
temperature and light on thyroid gland
activity of laying hens .
The daily thyroid hormone secretion rate of
S.C. White Leghorn hens showed individual variation throughout the laying period. The level of
secretion varied from 0.4 to 1.6 micrograms L-thyroxine per 100 grams body weight. The thyroid

secretion rate of sixteen White Leghorn hens was
obtained at environmental temperatures of 40, SO,
60, 70, and 80 °F. Results were not conclusive and
will be repeated.
Trials to compare Tapazole at levels of 0.05
percent and 0.1 percent mixed in the all-mash ration with Thiouracil fed at 0.2 percent level were
conducted. Tapazole at the 0.05 percent level was
less toxic to laying hens than the 0.1 percent level
and gave a release of iodine from the thyroid gland
equal to those receiving Thiouracil.

PROJECT 313:

Factors Affecting the Flavor of Poultry
0. J. Kahlenberg and E. M. Funk
Progress Report:

Studies were made on a comparison of the
flavor, juiciness and tenderness of both cooked light
and dark meat from broilers fed a semi-synthetic
and a practical ration for a period of 9 weeks. The
broilers on the semi-synthetic ration were raised on
wire screen floors, whereas the practical diet birds
were divided so that one half of them were raised on
wire screen floors and the other half on a floor pen
with built-up litter. At the end of 9 weeks, the individual groups were kept separate, weighed, sacri124

ficed and processed in the same manner. The chilled
eviscerated carcasses were packed in Cryovac bags,
frozen and held at -10°F. until needed. The effect of
the two rations on the subsequent flavor, juiciness
and tenderness of cooked dark and light meat was
evaluated by a trained panel of six homemakers.
The cooked meat of broilers fed the semi-synthetic
ration and raised on wire screen floors was not significantly different in flavor, juiciness and tenderness
from the meat of broilers fed the practical diet and

raised on either wire screen floors or on floors containing built-up litter. Statistical treatment of the
palatability scores showed that the cooked dark meat
was significantly more flavorful, juicier and more
tender than the cooked light meat from the same

bird.
These studies indicate that ingredients in the
broiler ration are not the primary factor in influencing flavor, juiciness and tenderness of the cooked
broiler meat.

PROJECT 323:

Metnods of Processing Poultry for Commercial Precooked
Frozen and Canned Products
0 . J. Kahlenberg and E. M. Funk

Progress Report:
Comparisons have been made on various cooking procedures with and without salts on 130 old
fowl for cooking losses, degree of tenderness in the
breast meat, and retention of fat and moisture in the
cooked thigh meat. The salts incorporated in the
water were two levels each of potassium chloride,
sodium chloride and sodium tripolyphosphate. The
cooking procedures were boiling, simmering and
pressure cooking. Studies were also made on 78
fowl cooked in various type plastic bags.
Cooking old fowl with the salts studied had no
advantage over cooking in water with respect to
cooking losses, tenderness of breast meat, and the
amount of fat and moisture in the thigh meat. Pressure cooking treatment gave significant lower Kramer shear force values (more tender meat) than did
either boiling or simmering. No significant differences in shear force values were obtained by either

boiling or simmering. The amount of fat in thigh
meat was significantly lower in pressure cooked than
in boiled or simmered birds. Only 1 out of 5 plastic
materials studied remained intact after boiling, simmering or pressure cooking fowl in them. Cooking
losses were found to be significantly lower when
birds were simmered in mylar-polyester tubes as
compared with birds simmered in tap water alone.
No significant difference in degree of tenderness as
measured by the Kramer shear press was observed
when comparisons were made with and without the
plastic tubes by boiling, simmering or pressure
cooking.
Simmering of old fowl in plastic tubes may
have commercial applications because of lower cooking losses, possible better retention of flavor and
nutritive values, and convenience.

PROJECT 344:

Turkey Feeding Practices
H. V. Biellier and E. M. Funk

Objectives:
A. Formulation and testing feeding practices for
growing turkeys.
B. Testing the value of pasture and forage crops
for supplementing turkey rations.

Progress Report:
Three systems of feeding growing turkeys reared in confinement were tested in 1959. Broad Breasted Bronze turkey poults hatched June 25, 1959 were
separated by sex and grown from 16 to 24 weeks of
age on duplicated feeding trials. The 24.7 percent
protein grower mash with yellow corn and oats fed
free-choice was significantly superior to both a pel-

leted 36 percent protein supplement with yellow
corn and oats fed free-choice, also to an all-mash
grower. The all-mash grower consisted of 17 percent protein from 16 to 20 weeks of age and was reduced to 14 percent protein from 20 to 24 weeks of
age.
The use of standing milo grain as a forage crop
showed considerable reduction in the cost of feed
required to produce market turkeys. B. B. Bronze
poults that were ranged on milo range from 12 to
24 weeks of age and fed a 25 percent grower mash
were compared to those receiving the grower mash,
yellow corn and oats fed free-choice. Total cash cost,
125

including cost of seeding milo, was $2.49 per male
bird compared to $2.94 for birds full-fed and ranged
on grass and legume sod. For females, the milo
range cut total feed costs 21 cents per bird. Their
cost was $1.72 as compared to $1.93 for sod-ranged
birds. Feed cost per pound of gain for birds on milo
range was 8.9 cents for males and 9. 7 cents for fe-

males.
In another test with toms and hens ranged on
milo together, feed cost per pound of gain to market age was 10.4 cents. These birds received a 36 percent protein supplement in pellet form. Pellets were
fed on the ground, a practice which worked well except in rainy weather.

RURAL SOCIOLOGY
Charles E. Lively, Department Chairman

PROJECT 29:

Social and Cultural Factors Affecting the Dissemination
and Use of Scientific Farm Information by Missouri Farmers
C. E. Lively, R. R. Campbell,

J.

S. Holik, H. F. Lionberger

Progress Report:
1. Ran approximately 150 tables on neighborhood and clique structures in Cabool and
Fairfax communities.
Preliminary analysis of these tables was
begun using cliques and neighborhoods as
the dependent variable and selected social
and economic characteristics as the independent variables.
2. Completed precoding, coding, and card
punch operations for interpersonal relations· data on the Fairfax data.
3. Completed analysis and prepared fi.nal manuscript on Role of the Mass Media in Decisions
to Change Farm Practices and Purchase ·Farm
Supplies with Particular Reference to Television.
4. Preliminary analysis of the interpersonal
communicative network of farm information
was completed. Preliminary report of this
analysis was included in above named manuscript.
5. Started coding interpersonal relations data
for electronic computer analysis . of relationships between these data and the adoption
of farm practices.
6. Started analysis of attitudes and values related to the adoption of improved farm practices.
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7. Preliminary analysis was begun to test the
theoretical frame of reference used in the selection of Fairfax and Cabool as study communities.
8. Completed abstracting of 112 additional
studies related to the diffusion and use of
farm information under contract with the
National Project on Agricultural Communications.
9. Revised a paper entitled "Present Status and
Prospects of Research relating to the Diffusion and Use of New Farm Practices," and
read same at the Annual Meeting of the
Rural Sociological Society at Cornell Univer·
sity August 27, 1959.
summary
a
of
10. Prepared a paper consisting
analysis of research findings in the diffusion
of information fi.eld, "The Communication of
Information and Acceptance of Technological Change in Agriculture."
11. Prepared an annotated bibliography of 100
studies entitled, "Bibliography of Research
Studies."
12. Cooperated in writing and editing a_regional
publication on the diffusion of farm infonna·
tion_to be published by the Subcommittee on
Diffusion of Farm ,Information of the North
Central Rural Sociology Committee, spon-

sored by the Farm Foundation.
13. Began preparation of a paper for t_h e Rural
Sociological Society meeting of 1960 on

"Methodology of Analysis of Communicative
Network for Diffusion of Farm Information."

PROJ ~CT 143:

The Rural Church in Missouri:
A Study of Its Situation, Trends and Problems
Lawrence M. Hepple

Objectives:
A. To prepare for publication Parts VII and
VIII of the report.

PROJ~CT

Report of Progress:
The work this year has consisted of preparing
for publication the remaining parts of the report. It
is anticipated that the series will be published by
July, 1960.

201:

Cultural Factors Affecting Illness in Rural Social Areas of Missouri
C. E. Lively, Robert L. McNamara, Edward W. Hassinger

Objectives:
The objectives taken from the major project
plan and covered in this report are as follows:
A. To determine the cultural factors influencing family and individual behavior with respect to the maintenance of personal and
community health.
B. To determine the variation in patterns of
health maintenance in different social areas.
C. To build a continuous inventory of health

personnel and facilities.

Progress Report:
Work this year has concentrated on the preparation of reports and will continue to be one of the
activities next year. It is hoped that financial support of the project will be sufficient to begin field
work on Objectives D and E of the major project
plan.

PROJECT 201-2:

1-luman Factors Related to Farm Accidents in Missouri
Robert L. MeN amara, Saad M. Gadalla

Objectives:
A. To determine the incidence of accidents on
farms and farm homes in Missouri.
B. To isolate and measure accurately by empirical means the effect of certain characteristics of the farm and farm home on the incidence of accidents.
C. To isolate measurable components of human
factors which tend to make the accidents of
a person exceed beyond chance expectancy
those of another person, provided that other
factors are equal.

Report of Progress:
A. Two pilot studies were conducted in connection with the project t() test and evaluate the initial interview schedule, the accident report forms
and two methods of gathering data and information
related to farm and home accidents.
B. On the basis of these investigations, the
plan of procedure was modified, the interview schedule and the accident report forms were revised, and
an efficient technique for collecting accident data
was set up.
C. A stratified random sample of 4,263 farm
families representing the State of Missouri was
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drawn and organized into reporting units.
D. The families in the sample were initially interviewed and urged to participate in the study.
E. The reporting of accident data by the participating families began in October, 1959, covering a
period of twelve consecutive months.
F. Four months have elapsed since the reporting started. So far, 92 percent of the participating
families are actively engaged in regular reporting,
2 percent have moved out of the county, and 6 percent discontinued reporting. Until the reporting is

completed in September, 1960, we cannot submit the
findings or elaborate on the results. However, we
are expecting to obtain a systematic and accurate ac.
counting of farm and home accidents, their frequency, nature, and the conditions under which they
occur. Such information, being the first of its kind
for the state, will be used for the ultimate task of
developing a sound program of safety education for
farm people in Missouri, and will contribute effectively to the very little that is now known about
the nature of accident causation.

PROJECT 306:

Small Community Development
Progress Report:

J.

S. Holik, Virgil Lane

Objective B: During the year the Planned Progress questionnaires for 195 7 and 1958 were analyzed and a new questionnaire was developed for use
during the 1959 visits to the cooperating towns.
The analysis indicates that projects requiring several years of planning and mobilization of community resources (which in some cases call for large
outlays of money) are delayed in preference for projects that can be completed in less than a year. Some
of the towns have discussed and explored the feasibility of such projects as water and sewage disposal,
for several years. A few have embarked on long
range programs to attain this type of improvement.
In numerous instances major community improvements have been suggested (or more properly stated,
been brought into public discussion), through the
high school phase of Planned Progress. The evidence indicates that reports of projects undertaken
and completed by participating towns during previous years stimulate other towns to undertake
similar projects after they receive copies of these reports from the Power Company.
Objective C: The tabulations show that few projects are undertaken and not completed. This results mainly because the participating towns seldom
undertake major projects which require considerable
time to complete. Meanwhile, short term projects
are suggested by interest grQups and completed
during the same year. In this caSe the reports seldom

contain evidence of suggested projects which are
not undertaken. Some of the towns have conducted
surveys to determine the improvements the people
desire. The reports froni these towns provide some
evidence of improvement suggestions that are not
undertaken. Further study is needed in this area to
develop conclusive evidence on the processes of
project selection by the communities.

Objective D:
1. A manuscript on techniques of financing

community improvements is in process at
the present time.
2. The analysis of the roles of youth in planned
progress showed that they tend to bring into public discussion some of the community
needs, primarily, in the high school phase of
the prog.t.:am. It was also found that in the
larger towns, youth participation was as organized groups, such as Scouts, 4-H Clubs,
etc., while in the smaller towns participation
was as individual volunteers. The analysis
showed that the youth and churches were
more frequently recipients of improvements.
(Improved church facilities and youth recreational facilities.)
3. The exploratory analysis resulted in a paper
abstracted under item 5 of this report. No
major findings can be reported at this time as
the analysis is incomplete.

PROJECT 266:

/-Iuman Factors Affecting Food Selection and Consumption
Patterns, and Their Relationship to the Market
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C. E. Lively, C. L. Gregory, Mary B. Bowman

Objectives:
The objective active during the year and included in this report is (B) -an evaluation of motives affecting food selection in the market.
Progress Report:
During the year interviewing has been completed and tabulations are being made on the data.

IBM cards have been punched and machine tabulations are in process of being run. Statistical analysis
is under way on the entire group of data.
Preliminary analysis has shown that considerable differences exist among occupational and socioeconomic groups with respect to the motives that
are important in their food buying patterns.

PROJECT 325:

Population Resources of Southwest Missouri
Robert L. McNamara

Objectives:
Interpretation of U.S. Census and other reports
concerning population and agriculture to provide a
benchmark on human resources for the southwest
Missouri area.
Progress Report:
Only preliminary work has been done on this
project pending the full scale effort of the Missouri
Agricultural Experiment Station in interdisciplinary
and integrated research program in Southwest Mis-

souri. Indexes of urbanization and mechanization
have been prepared for state economic areas and
are in the process of being computed on a county
basis.
Detailed county tables have been prepared
separate! y for the farm and nonfarm population on
age composition, the labor force, occupation, human
fertility ratios, income, and vital statistics. A preliminary draft of a schedule has been prepared and
tested for use with key informants dealing with
opinions toward migration and its consequences.

PROJECT 378:

Validation of the Missouri County Agent Inventory
J.

S. Holik, Olive Williams, H. F. Lionberger

Progress Report:
During the year the Missouri County Agent
Inventory scores for 174 Extension agents who had
entered the service since 1955 were computed. Three
different MCAI scores were computed for each of
.these agents, namely: the short scale, long scale, and
common scale scores.
From the Extension Service "Training Needs"
ratings were obtained for 152 of 174 agents. These
ratings had been made by the agents' supervisors
and appropriate Extension specialists. Each agent
had been rated by two to six supervisory personnel.
The rating sheets indicated ten degrees of training
needed from Very Much to Little for 13 duty items.
After assurance from the Extension Service that
these ratings were Performance Ratings, they were
treated as such for the purposes of this study.
Item corrections and overall systematic error
corrections were computed for every rating on each
agent, and a composite rating was then computed.

The uncorrected and corrected composite ratings
for each agent were entered upon a card with the
three MCAI scores. From these cards a productamount coefficient of correlation was computed between each inventory score and agent rating. For
each of the three correlations, the r was found to be
+.07.

Attention was next focused on further statistical
analsyis to determine why the above correlations
were so low. The coefficient of correlation was computed for Balanced Farming Agents' scores vs. the
District Supervisors' and the Balanced Farming Specialists' ratings. The reason for this procedure was
that the greatest amount of contact between agent
and Supervisor and Specialist exists in this case. In
this case the r for the short scale turned out to be
+.04.
Afer further consultation with the Extension
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Service, selected supervisors' ratings and agents'
scores were arrayed and visual inspection of these
was undertaken. Again no relationship between ratings and MCAI scores could be found.
This work was followed up with statistical analysis of a select group of agent ratings using the
techniques outlined by Guliford in "Psycometric
Methods." Analysis of Variance was used to analyze
the performance ratings. This analysis dearly demonstrated the differences among raters was greater
than among ratees. Furthermore, the analysis indicated that the differences among raters was not systematically distributed by rating items or by ratees.
Therefore, it is not possible to eliminate rating errors because they are not systematic in regard to
ratees. This indicated that the raters either did not
follow rigid rating instructions, or were not ade-

quately familiar with the rating proc(fdures and the
agents.
A ·conference between Federal and State Extension personnel resulted in an agreement that before
further work could be undertaken on testing the
MCAI, new performance ratings would be needed.
At this conference a detailed report of the above
findings was given to the Extension people. This report also included a suggested procedure for the
completion of new Performance Ratings on Extension Agents. This report was verbally explained and
discussed at this conference.
At this conference the representative of the
Federal Extension Service requested an analysis of
the relationship between agents' tenure and MCAI
scores for the original Extension Agent population.
A report of this analysis is in process at present.

PROJECT 402:

Employment Opportunities for Redundant Rural Population in Missouri
J.

T. Howard, H. A. Chaudhari

Objectives:

C. The two pilot studies now in progress represent tests of proposed methodology.
Progress Report:

Two pilot studies are now in progress. These
consist of samples drawn from the lists of graduates
of the University of Missouri and of three rural high

schools. These samples are drawn from the classes
of 1938, 1943, 1948, 1953, and 1958, and questionnaires have been sent to them. The aim is to learn
the nature and rate of their occupational progress
after leaving school. When the techniques are perfected, the study will be extended. No results are
yet available.

SOILS
George E. Smith, Department Chairman

PROJECT 6:

The Characteristics and Development of l-leavy Clays
in the Soils of Missouri
C. E. Marshall, C. M. Woodruff, L. L. McDowell
Objectives:

A. Furtherance of electrochemical investigations
on clay systems.
B. Characterization of soils with heavy subsoil.
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The Lebanon soil has been under dose study.
C. Investigation of the surface reactions of mica
minerals.

Progress Report:

A. Comparisons have been completed, for sodium and calcium clay systems, between different electrochemical methods. Ion pair activities of chlorides
in clay-water systems, single cation activities, conductivity determinations over a wide range of A-C
frequencies and cataphoresis experiments have been
carried out. Much time has been devoted to the interpretation of these highly complex results. Part of
the interpretation has been aided by use of the University computer service.
The results enable us to form a more precise
formulation of the exchange cations in relation to
clay surfaces. Single cation activity measurements
have been shown to be reliable.

PROJ I:CT 70:

B. Extensive work has been carried on in the
characterization of the Lebanon soil profile. Following particle size separations and chemical characterization of the complete soil samples from various
horizons, a detailed X-ray study was made of the
clay and silt fractions. This work will be completed
in the summer of 1960.
C. The exchange reactions of mica surfaces on
well defined particle size fractions of carefully characterized minerals were studied in detail. In part,
radioactive tracer elements (Na,Ca,C) were employed. This work is intended to throw light on the
part played by micas in providing reserves of potash, etc., in the soil. It will be completed in the summer of 1960.

The Effect of Deep Fertilization on Run-Off and on Yield
of Corn, Wheat and Alfalfa
Report of Progress:

J.

E. M. Kroth, G. E. Smith, Phil Smith,
R . Eagleman, J. A. Roth, V. C. Jamison

Objective E: Subsoiling completed and treatments applied in fall of 1954. All plots planted to
corn in 1959.
Conclusions:

the alfalfa plots may be due to lack of moisture for
rainfall in 1959 was below normal. Potash might also be limiting due to heavy yields of alfalfa the previous 4 years.

Objective G: (See table on page 132).
During some individual years small statistically significant increases in yields due to treatment ocConclusions:
curred. However, the small average increases for
Subsoiling alone decreased yields under irrigathe experimental period are of no practical signifition. No benefit was obtained by placing extra plant
cance. All plots were plan-red to corn in 1959 to
nutrients deep over that resulting from use of adecheck the presence of residual effects. The average
quate starter fertilizer with conventional methods of
yield for plots in corn prior to 1959 was 88.3, for
application. The plots were subsoiled in 1957.
plots in alfalfa prior to 1959, 67.9. The decrease on
Treatment
Yields
Phos~horus
Lime
Alfalfa
T/A Corn bu/A
Corn
bu/A
lbs.
Depth
5 yr. Aug. 4 yr. Aug. Alf. Plots
P105
Spacing
Inches
Quantity
67.3
3.57
94.6
none
7
3T
69.0
3.70
97.4
90
7
3T
65.8
3.59
94.3
none
18
plowsole
8T
60.7
3.77
94.8
180
18
plowsole
8T
65.7
3.61
95.2
none
18
14
8T
64.9
3.54
95.7
180
18
14
8T
65.0
3.55
96.9
none
21
20
8T
66.7
3.83
93.9
180
21
20
8T
79.2
3.61
101.7
none
42
30
8T
74.7
3.66
99.4
180
42
30
8T
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Summary of Experiments at Malden Experiment Field

Soi I Treatment

2yr. Ave. Yield
Non-irrigated

lbs. Lint/A
Irrigated

262

350

686*

700*

none
400# Starter
Subsoiled no starter
Subsoiled 400# starter
Subsoiled

-F

Subsoi led

-F

600# liquid 8-8-8 + 400# starter
1200# 8-8-8 -F 400# starter

Subso i Ied farm tractor + 400 # starter

299

210

575

640

602

646

623
520

622
602

* 1959 only

PROJI:CT 77:

The Effect of Fertility on Runoff and Erosion
G. E. Smith, M. H. Brown, P.M. Smith, J. R. Eagleman,
V. C. Jamison,]. F. Thornton, E. M. Kroth

Progress Report:
Objective A: Effect of high fertility on runoff,
soil loss, soil moisture and crop yield under allgrain and combined grain-hay systems .
There were no heavy rains during June or July.
The beneficial effect on ample fertility as regards
control of runoff and erosion was again evident in
1959. Runoff was 0.82 inches less on full fertilized
plots when compared with plots receiving starter
only. Soil loss was also reduced by 0.20 tons. Com
yields were increased, 69.0 bu / Acre for full treatment as against 27.8 bu/ Acre for starter only. Most
all of the runoff from all plots occurred after late
September. Since most runoff occurred after the
corn gave protection to the soil, soil losses for all
plots were low on all plots receiving at least some
fertilizer.
Objective B: Effect of crop residue mulches and
subtilage on runoff, soil loss, soil moisture and crop
yield under all-grain systems including continuous
corn.
The data show the beneficial effect of plant resi-

dues remaining in the surface. Runoff was 1.44
inches less, soil loss, 0. 59 tons less and a 9.2 bu/
Acre increase in yield on the subtilled plot when
compared with the plowed plots.
The effect of irrigation was tested in 1959 as
rainfall was more than 5 inches below normal with
severe drouth in June. Irrigation increased runoff
2.18 inches on plowed plots and only 1.44 inches
on subtilled plots. Soil loss was only slightly increased however. Irrigation increased corn yields
64.6 bu. on plowed plots and 67.3 bu. on subtilled
plots.
The results show that fertility treatment being
equal, the longer the slope the greater the tendency
for runoff, carrying a slightly greater amount of soil.
However, there was a 20 bu/ A increase in yield on
the longer slope. Apparently this is due to a pronounced soil difference though it is unaccounted
for.
Starter fertilizer only was not sufficient to produce adequate ground cover to greatly reduce runoff and soil loss.

PROJ I:CT 92:

Minor Soil Elements
W. A. Albrecht, G. E. Smith, G. H . Wagner, J. L. Mcintosh,
D. E. Baker, R.]. Crabtree, T. R. Fisher

Progress Report:
Minor soil elements have been included in experiments on a number of crops grown on all ex132

periment fields over the state. The elements have
either been applied as mixtures or as single ele-

ments. In 1959 results were limited to measurement
of the effect of these elements on crop yields. The
only positive responses that were obtained were
with cotton in Southeast Missouri. Results at Columbia, McCredie, Weldon Springs, and at the
Northwest and Southwest Research Centers were
negative. In past years an indication of response has
only been obtained where heavy applications of nitrogen were made and where sufficient moisture was
available for optimum growth.
In southeast Missouri five of seven experiments
on loam or clay soils showed an increase in yield of

cotton from a mixture of trace elements. On one
soil the yield of lint were increased 140 pounds per
acre and at some locations a portion of the additional production was obtained at the first picking. This
earlier maturity is highly desirable when fall rains
interfere with harvest. A response with cotton was
also obtained on the sandy soil at the Malden field.
On both irrigated and non-irrigated cotton the
highest yields were produced where trace elements
were added with 100 pounds of nitrogen per acre.
The increase was not as great where only 50 pounds
of nitrogen was applied.

PROJECT 99:

Soil Fertility and Pasture Production
G. E. Smith, T . M. Dean, R . ). Crabtree
Progress Report:
Objective A: The influence of fertilizer nutrients
on the production of pasture crops on different soil
types.
Pasture experiments were conducted at the
South Farm, Weldon Springs, McCredie, at the
Northwest Research Center and with six cooperating farmers . A favorable spring and a good supply
of subsoil moisture resulted in excellent spring
growth. A very dry June and July in all areas except Northwest Missouri prevented summer growth.
Although there was little growth in summer most
stands appear to have survived.
A shortage of both nitrogen and minerals has
limited both seed production and vegetative growth
of bluegrass as shown by experiments in both northwest Missouri and at Weldon Springs. Highest seed
production has been obtained with from 50 to 75
pounds of nitrogen per acre. Increased rates have
produced greater total vegetative growth, but in
some cases lodging has resulted and harvesting has
been difficult.
Objective B: Influence of high fertility additions
and supplemental irrigation on beef gains.
The work on this objective was conducted at
the McCredie Field. Beef steers were grazed on or-

chard grass ladino pastures. No soil treatments were
added in 1959. Soil tests indicated an adequate level
of phosphorus and potassium and the vigor of
growths in 1958 suggested sufficient nitrogen. The
animals were grazed on irrigated and non-irrigated
pastures, and forage from an irrigated area was
green-chopped daily and fed in a dry lot.
The animal gains obtained followed the same
trends as in 1958, but were lower. The non-irrigated
pasture provided 165 days of grazing with only 122
pounds of beef per acre. Where the grazed area was
irrigated the same numbers of pasture days were
provided and the gain was 230 pounds of beef per
acre. Only .03 inches of rain fell in June and the
June, July, and August rainfall was over 6 inches
below the long time average. The quality of forage
was so low that animals on the green chopped forage were not gaining and they were fed for only 78
days. The total gain during this period was 200
pounds per acre.
Apparently orchard grass will not give a satisfactory response to irrigation in this area when temperatures are high.
One series of these pastures was seeded to alfalfa and brome grass. They were not grazed in 1959,
but harvested for hay.

PROJECT 117:

Crop Sequences and Continuous Cropping As Affected by
Legumes and the Fertility of the Soil
E. M. K.roth, T. M. Dean, M. H . Brown
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Experiments conducted at the research centers
on widely different soil types, and the long-time experiments on Sanborn Field, continue to indicate
that past concepts of crop rotations or sequences
must be revised. High levels of chemical nitrogen
use, when properly balanced with minerals, will
permit the continuous production (or at least for
some years) of crops of highest value. The nitrogen
that can be supplied by legumes is no longer a significant factor in determining the kind or the order
in which crops are grown. Farm income may be increased where the acreage of tillable land is limited
by the production of crops of highest value. A limitation on the number of crops grown can reduce
the investment required for machinery.
The soil on Sanborn Field had good reserves of
subsoil moisture in the spring of 1959, but corn
yields were limited by inadequate rainfall in June
and July. Yields were relatively low, but past cropping practices had less influence on yields than the
supply of plant nutrients. Corn following red clover
with full soil treatment (including nitrogen) produced only 38 bushels of grain per acre. Where com
had been grown continuous! y for the past ten years
with full soil treatment the yield was 35 bushels.
The average yields for these two sequences for the
past ten years have been 74.2 and 73.8 bushels per
acre respectively. In seasons when adequate moisture
is available corn after legumes has produced the
highest yield, but when rainfall is short and legumes
have exhausted subsoil reserves, then corn after corn
has given the greatest returns. When the economic
returns are considered (using current prices) continuous corn has grossed $81 per acre while a three
year rotation of corn, wheat, and red dover has
made a return on only $52.

Changes in soil organic matter are difficult to
measure except over relatively long periods of time.
However, it appears that the greater amount of tillage under a continuous corn system is resulting in a
more rapid oxidation of crop residue and the accumulation that has been reported in areas farther
north has not been measured in central Missouri.
In experiments at the South Farms (Beazley)
where legumes are harvested for hay the removal of
potassium has been so great that yields of the following years' crops are greatly retarded unless liberal applications of potassium fertilizers are made.
Where no chemical nitrogen is added grain yields
have been reduced. Where the nurse crop (wheat or
oats) receives sufficient nitrogen it is most difficult
to secure a stand of grass or legumes. The seeding
of the forage crop on a new seed bed in the fall after
harvesting the grown crop has been necessary, but
this is not dependable in many years when a shortage of summer or fall moisture is experienced.
In the dry years of the past decade the effect of
potassium was not pronounced. However, with
higher rainfall and more moisture in the subsoil the
need for this element is more pronounced.
Crop sequence studies have been conducted on
the Northwest research center since 1956. Where
adequate fertility treatments have been supplied the
cropping sequence has not had a significant effect on
the yield of grain crops.
A study was initiated in 1958 at the McCredie
field where soybeans follow different crops grown
for varying periods. Although there were some indications of value of sod crops on the following
yield of beans the differences were too small to be
significant.

PROJECT 170:

Soil Analysis: Rapid Routine Methods
E. R. Graham, T. R. Fisher
Progress Report:
A study of the possibility of employing electrodialysis cells for extraction of plant nutrients
from soils was suspended because it was found
necessary to use platinum metal for the anode in the
cell. The use of platinum was considered too expensive to allow wide scale use of such cells and
methods. It was formerly thought gold would be
suitable anode material, but it was found dissolution of the gold would occur during dialysis.
Flame photometer techniques for soil testing
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were investigated and are not yet completed. The
approach taken in this study has been to employ a
0.1 N HCL extracting solution containing 0.03 N
ammonium fluoride, for extraction of phosphorus
and all cations of interest from the soil. Potassium,
calcium, and possibly magnesium could be determined with the flame photometer while the standard Bray procedure could be used for the phosphorus contained in this extract. It was observed
that aluminum which was also extracted from the

soil, greatly interfered with the calcium determinations where the Perkin-Elmer flame photometer was
used. Preliminary indications are that this interference is much less when the Coleman flame photometer is used because of the higher excitation temperature employed. Further investigations are planned with this instrument.
B. Chemicals, reagents, standard solution, check
samples, and equipment were prepared and supplied
to county soil testing laboratories in sufficient
quantity to test approximately 100,000 soil samples.
Packaging of the Ca-A and Ca-B reagents was investigated and it was found these reagents could be
supplied in a concentrated form further eliminating
shipment of large quantities of liquids to county
laboratories. County laboratories can dilute these
reagents to their proper concentration before use.

The study of the applicability of small water
demineralizer units for county la~oratories was completed and information was obtained which enables
evaluation of the usefulness of such units in the
various laboratories. In areas where the tap water
contains high concentrations of salts, the demineralizers would have quite limited capacity; however,
in most locations the salt content is low enough to
allow their use. The usefulness of a demineralizer
unit in a particular location can be determined by
making electrical conductivity measurements of the
tap water prior to the installation. This testing service has been performed for the county laboratories.
The preparation of tissue testing supplies was
investigated and made available to county agents
and other persons desiring them to supplement their
soil testing programs.

PROJI:CT 178:

Fertilizer Applications on Farm Crops
E. M. Kroth, G. E. Smith, J. L. Mcintosh, Melvin Williams, L. S. Murphy,
J. A. Roth, L. E. Barnes, M. H. Brown, R. J. Crabtree, T. M. Dean
Progress Report:

Comparisons of different sources of nitrogen on
various soils of the state show that when properly
applied all give similar increases in yield. The retention of anhydrous ammonia is not as efficient on
heavy clay soils of poor structure. Equipment has
been designed to cover the opening made by an ammonia knife with a sheet of plastic. This equipment
will aid in the measurement of the retention of anhydrous ammonia in the field, and permit the measurement of the effectiveness of different application
equipment.
The reactions of urea in soils has been studied
in the laboratory and crop response has been measured on most experiment fields. Surface applications
are sometimes inferior when applications remain on
the surface for some time before rain carries the
material into the soil. Apparently an alkaline condition develops in the area of the dissolved granule
and ammonia may be lost to the ·air. When urea is
mixed with some soils either enzymatic or biological
reactions occur that can result in nitrogen losses.
Urea has been inferior to some other sources of nitrogen for cotton. On some soils there has been a
delay in maturity which is not desirable at this
northern limit of the cotton producing region.
Deep tillage and the acidic effects resulting from
the increased use of nitrogen fertilizers are demons.trating the need for the recalculation of limestone

applications. Liming programs that were effective
some years past will no longer provide the necessary base saturation required for optimum crop
growth under cropping systems with heavy nitrogen fertilization. The following experiment initiated
on the McCredie field (Mexico silt loam) shows the
effect of different types of liming materials on the
calcium and hydrogen states of the soil and the
average crop yields obtained in 1958 and 1959. It is
difficult to secure accurate soil tests when the soil
has not been thoroughly mixed by a number of
plowings. However, these tests show that the heavier
rates of application and the finer materials are essential for the soil reaction to be substantially changed after a period of 18 months.
On most of the experiment fields the various
forms of nitrogen are applied to corn and small
grains. ·The differences in crop response have not
been great when the materials have been properly
applied. Although this soil has shown high losses
of urea in laboratory experiments, this material has
given good results in the field. There is an indiCation that the residual effect from anhydrous ammonia is greater than from most other nitrogen cat:riers. Calcium nitrate, the only material haviiig an .
alkaline residue, has also given consistently high
results.
In the northern section of the state there has
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been little difference in the time of top dressing
small grain with nitrogen. In south Missouri, spring
applications have been definitely superior ..
The acidulation of phosphate rock in the field,
or the application of the reacted materials as a suspension, has given results comparable to those obtained with regular fertilizer materials. In 1959 both
wheat and oats were used as test crops. Rock Phosphate was acidulated in the field with nitric, phosphoric, and sulfuric acid at two different ratios.

Yields of crops ranged from 90 to 95 percent of that
obtained where triple superphosphate was the source
of phosphorus. The lower cost of these materials
make them attractive for development as future fertilizer materials.
No stri~ing results were obtained from the inclusion of magnesium in fertilizers in 1959. All
sources of soluble potassium salts gave similar crop
responses. There did not appear to be any advantage in water soluble phosphate over citrate soluble
material or fertilizer for small grains.

PROJECT 206:

Missouri Soil Survey Classification
J.

C. Baker, J. R. Eagleman, C. L. Scrivner, Richard Fenwick

Progress Report:

A. The detailed survey of Henry County was
continued and 70 square miles were mapped bringing the total to 285 square miles or nearly half of
the county. Mapping was concentrated in southwestern Henry County between Urich and Montrose.
The main soil associations were the LabetteSnead-Summit formed from lime-stone and phosphatic shales and the Oswego-Dennis formed from
acid, micaceous shale.
The claypan soil, Oswego, predominates in the
region. This soil is very similar in physical and
chemical nature of the upper inches to the claypan
Mexico soils of northeastern Missouri. Below 30
inches however, the Oswego soils exhibit characteristics due to shales. They have extremely low phosphate levels. By contrast the Mexico soils have high
phosphate levels below the claypan layer.
Total progress in Henry County was less than
planned because of a detailed survey made in Blackwater and Lamine townships of Cooper County.
This 70 square mile area was mapped to provide
basic information for a research project concerned
with an entire community and watershed. Field mapping is complete and photo maps have been prepared for publication. Sampling and laboratory analysis will have to be completed before a report can
be written.
Three man weeks were spent in mapping and
sampling the recently acquired Southeastern Missouri Research Center Farm. Mapping is incomplete
as yet. There appear to be several soil types which
can be grouped into two main categories. Lowlying areas are predominantly high in clay content and
poorly drained yet fertile. Higher areas formed from
Mississippi River aluvium loams or sandy loams
throughout, are well drained to imperfectly drained
and inherently very fertile.
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The extra surveys make attainment of the immediate objective, (the survey of Henry County)
difficult. However, they are in line with the long
time objective of classification and characterization
of Missouri soils.
B. Mineralogical, chemical and physical characterization of soils of Missouri proceeded as planned. The following chemical characterizations were
made:
·
·
61 samples representing 20 soils from southeast
Missouri
55 samples representing a detailed sampling of
Lebanon silt loam, a soil from the Missouri
Ozarks, having a fragipan or hardpan.
In addition, considerable work was done investigating mineraglogy of the Lebanon soils. The dolomite below this soil has illite as the dominant clay
mineral but the weathered residuum is kaolinite and
illite. There is a chert free mantle over the area
which is believed to be loess and which has considerable montmorillonite and a vermiculite or
"aluminum chlorite" in the clay fraction. Considerable feldspars are also present in this mantle.
One man week was spent assisting soil conservation service personnel in sampling six soils of
Dent County for laboratory analysis. Analyses are
to be done in the Soil Conservation Service Laboratory at Lincoln, Nebraska. Inclusion of this data
with that from the Southwest Missouri Research
Center and the Lebanon soils will constitute a major
step in characterizing southern Missouri soil.
In addition to providing data for an eventual
"soils of Missouri" publication, it is planned that
each of the 3 sampling groups above will be summarized and reported in a publication dealing with
the area concerned.

PROJJ:CT 207:

The Fertility Level of Missouri Soils
E. R. Graham, R . ). Crabtree, Vernon Renner,
G. H. Wagner, M. H. Brown, D. E. Baker
Progress Report:

Radiochemical counting equipment, glass ware,
preparation bottle, radio-chemical counting dishes
and some isotopes have been acquired. The counting equipment has been installed and calibrated for
C " and for Cs 1 :17 activity. Experiments designed to
investigate the best method or the most practical approach to nuclear studies have been made. The results of the method studies and some other observations have led to the following important results:
a. A new precise, rapid method for the determination of cation exchange capacity for soil
or colloid has been worked out.

dominated by Illite, or putnam like clay.
Studies on Soils and Soil Colloids: (Cs 1 37 experiment)

Soil samples from Missouri and other states
along with colloid samples of Putnam clay, Illite
clay, Kaolinite Clay, Wyoming Bentonite Clay and
Humus extract from Wisconsin peat were prepared
and saturated with Ca (ion exchange method). These
samples were equilibrated with a known concentration of radio-active Cs 1 :!7 solution. The ionic strength
was held at .01 M with Ca Cl~ solution. The results
were as follows:

where Kd =%on Exchanger X 10 vol
% in Solution
1M
22
137
Kd Cs
Kd Na
Missouri Putnam=

1100

Missouri Summit

1980

Missouri Lebanon

.59

Co 60
642

373

Missouri S. E. Muck

1050

1.09

207

Wisconsin Muck

1460

2.51

320

55

.07

41

Jamaica Soil

b. A better understanding of the phenomena of
mica seeking elements, such as cesium and
potassium.
c. An indication that the amount of mica-like
clay in the soil system can be determined by
studying the distribution coefficient of mica
seeking elements such as Cs 137 and K 4 ~ .
d. The preliminary studies on soil organic matter indicate that the clay colloid greatly overshadows the effect of the organic matter colloid whenever the distribution effects of the
mixture is investigated. As to date only limited observations revolving around the effect
of organic additives to the soil have been
made. The results of the studies that have
been made show that citric acid will greatly
modify the distribution of Ca, Sr, Cs, Co, in
soil systems dominated by Kaolinite and
hydrous oxide colloid, in systems dominated
by organic matter colloid, and in systems
dominated by montmorillonite, but will not
modify the distribution of Cs in systems

The extremely low adsorption of sodium in all
soils, especially the soil from Jamaica, was not anticipated. The high adsorption of Cs 1 37 by Missouri
Soils of the Summit and Putnam areas was expected;
however, the low adsorption by the Lebanon soil
was not expected and shows a fundamental difference in the properties of the colloid containel in this
soil not known before.
The results of Cs 1 37 distribution of Ca systems
equilibrated in .01 M Ca Cl 2 solutions are as follows:
Colloid

Kd Cs 137

Kaolin

32

Putnam

3300

Wyoming Bent
Illite
Peat {extract)

199
1550
66

The high adsorption by Putnam clay and by
Illite clay may be explained by the fact that the crystal lattice of these colloids must be penetrated by
the Cs 13 7 ion.
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PROJECT 208:

The Nutritive Role of Organic Matter in Plant Growth
T . R. Fisher, G. H. Wagner, Jerry Mcintosh
Objectives:

A. To study the effects on plant growth of some
constituents of soil organic matter.
1. Simple sugars
2. Organic acids
Progress Report:

A-1. A study of the effects of dilute sugar solutions on both the amount and the kind of growth of
Sudan grass seedlings was continued. The growth
of these seedlings which was previous! y shown to
be affected by 0.5 percent solutions of a number of
simple sugars was studied under more dilute concentrations (0.25 and 0.125 percent) of the treatments. The results are reported in Table I.
Both concentrations of two different sugar treatments were studied at the same time, each planted
with ten seedlings and replicated four times. The
growth chamber accommodated only two different
sugar series and a control series at one time. Comparison among all of the sugar treatments was justified by correcting all treatment results to an average
result for the several control series. By the same adjustment it was hoped that the results for the 0.5
percent concentrations could be compared with
those for the more dilute treatments.
The total fresh weight of the seedlings was present at the more dilute of the two contration of every
sugar treatment under study. However, one cannot
generalize that the presence of any of these sugars
in the root environment restricts plant growth in all
cases. In fact the results suggest a definite growth
stimulation attributable to several of the sugar treatments when applied as 0.125 percent solutions. Ribose alone resulted in more growth for sugar treat9d plants than for control plants at both 0.25 and
' 0.125 percent concentrations. The previous work
showed that treatment with a 0.5 percent solution
of ribose resulted in a slight reduction in top growth
and a greater reduction in root growth of the Sudan
grass seedlings:
Ribose is one of the sugars which plant physiologists have linked to essential metabolic processes
of plants. It is, furthermore, a sugar which is not
abundant in plants.
The greatest restriction in growth of the seedlings accompanied the sucrose and the fructose treatments. Even at the 0.125 percent concentration, the
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fresh weights of seedlings grown in solutions of
these sugars were considerably less than those for
control plants. One lower concentration (.06 percent) of fructose was employed as a treatment and
in this case growth was very similar to that for the
control.
By calculating the top/ root ratios it is seen that
growth restriction was in general more pronounced
in the roots than in the tops. Only for glucose, ribose and maltose was a dilution in concentration of
the sugar solution accompanied by a change in this
ratio approaching that for control plants. For lactose
the top/ root ratio for fresh tissue was similar to that
for the control at both concentrations studied, while
for dry tissue it was greater than that for the control.
For other sugar treatments these ratios were greater
than those for control plants, but they showed no
correlation with the concentration of the sugar.
There was a negative correlation for nearly all
treatments between the concentration of the sugar
solution in which the seedlings were grown and the
amount of water in the plant tissues which were
produced. The amount of water in the tissues was
indicated by calculating a fresh / dry weight ratio.
For those treatments which resulted in a fresh weight
yield similar to that for the control, the amount of
water in the seedlings, also, approached that for the
control plants as a maximum. One notable exception
to this was the water content of roots of seedlings
from the 0.125 and 0.25 percent lactose solutions.
The fresh / dry weight ratios in these cases were significantly higher than that for control roots or tops,
and were even higher than the ratio for the tops of
the same seedlings. For all other seedlings including the control seedlings the fresh / dry weight ratio
for roots were 5 to 35 percent less than the ratios
for the corresponding tops.
By examining the literature regarding the physical properties of the sugars under study it was
found that maltose decomposes at a temperature
lower than that encountered in the autoclave during
sterilization. Since the treatments were all sterilized
by autoclaving it should be assumed that the maltose
had decomposed to glucose. The results accompanying the glucose and maltose treatments were not
identical but were similar.
. 2. A number of organic acids (lactic acid, citric

acid, fumaric acid, and acetic acid) were also studied
with regard to their influence on growth of Sudan
grass seedlings. These organic acids were applied
as dilute solutions ranging in concentration from
0.5 to 0.015 percent, which gave a pH range for the
solutions from 2.43 to 3.63. Even though the entire range of acidity, under study, would be considered generally unfavorable for growth of plants,
these seedlings showed fair development in the more
dilute concentrations of the organic acids. In one
case, only, (0.5 percent lactic acid) did the seedlings
fail to grow at all. In general growth of the seedlings was correlated with the pH of the solution.
This correlation between pH and growth did not
hold for comparisons between the different acids,

however. Such a response difference may be due to
differences in uptake of the acids or some ability of
the seedling to show selectivity in tolerating these
acids.
Several peculiar effects on growth attributable
to treatment were observed. One was that the
growth of the roots of seedlings treated with 0.015
percent fumaric acid was significantly better than
for any other of the treated seedings. This was true
even though the pH for this solution (3.18) was
more acid than that for several other treatments.
Another striking effect was the unusually high top/
root ratio for the 0.03 percent acetic acid treatment.
In this case the tops of the seedlings displayed a
fair amount of growth while the roots showed little
or no development at all.

PROJECT 209:

Reclamation of Eroded Soils
C. M. Woodruff

Progress Report:

A. Comparative yields of legumes (alfalfa) and
grasses (Alta Fescue) fertilized, and legumes (lespedeza) unfertilized grown on subsoil of the glacial
soils of north Missouri-plots 6 x 90ft.
Plot Treatments:

Alfalfa: Limed and rock phosphate originally with top-dressings of 100 lbs./ A of P 2 0 r,
and 100 lbs./ A of K 2 0 annually in June.
2. Lespedeza: Unfertilized.
3. Alta fescue: Limed and rock phosphated originally with annual top dressings of 100 lbs./
A each of N, P 2 0 5 , and K 2 0 .
Yields 1959: Alfalfa 4.2 tons / acre; lespedezanone; Alta fescue 1.9 tons/ acre.
The good yields of alfalfa from subsoil treated
initially with rock phosphate and topdressed annually with superphosphate suggest that with such
treatments alfalfa might be grown successfully on
the eroded glacial soils of north Missouri. Without
treatment, using lespedeza as the crop, the soil has
remained unproductive for twenty years. Grass, although fertilized heavily, has been much inferior to
alfalfa on this soil.
B. Comparative yields of corn from fertilized
subsoil at different rates of planting.
Yields of corn with 4, 8, 12, and 16 thousand
plants per acre decreased progressively with increasing plant population in 1959, giving 32, 27, 19, and
13 bushels per acre, respectively. With only 0.12
inches of rain during June the crop nearly perished
1.

by the time the first small rain occurred in July. Unless methods of tillage can be developed that will
improve the water storage capacity of this soil, com
cannot be grown successfully upon it.
C. A 2-gallon pot investigation in the greenhouse of the yields of red clover and of alfalfa as influenced by the application to the soil of different
amounts of phosphorus both as superphosphate and
as rock phosphate.
The initial and only treatments of ~he soil with
phosphorus were made in the spring of 1950. Red
clover was grown during the first 8 years of the investigation. Alfalfa was grown during the last two
years. The soils were limed and treated with potassium as necessary.
At the end of the first four years, the total
yields of red clover increased progressively with increasing amounts of phosphorus that had been applied up to a maximum of 1280 pounds of P 2 0 5
per acre. No responses to the treatments with rock
phosphate were obtained until the quantities of
P 2 0 5 applied exceeded 320 pounds per acre. At the
maximum rate of application of 1280 pounds of
P 2 0 5 per acre, the total yield was only twice that of
the untreated soil; but where superphosphate was
used, the yield from the corresponding amount of
phosphorus was ten times that of the untreated soil.
The yields of alfalfa during the last two years
were influenced slightly by the initial appliCation of
80 pounds of P 2 0 5 per acre as superphosphate and
were six times greater than those of the untreated
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soil as a consequence of the initial application of
1280 pounds of P 2 0 5 per acre. Some response to the
initial application of 160 pounds of P 2 0 5 per acre as
rock phosphate was obtained and the yields where
1280 pounds of P 2 0 5 per acre as rock were applied
were five times those of the untreated soil.
Thus superphosphate was much superior to
rock phosphate during the initial stages of the investigation when red clover was used as the test
crop. However, the effectiveness of the rock phosphate was nearly equal to that of superphosphate
after eight years and using alfalfa as the test crop.
Considering (a) the large amounts of phos-

phorus that were required to attain maximum yields
from the soil that initially was very deficient in
p~hosphorus, (b) the rapid initial response to small
amounts of phosphorus in the form of superphosphate, (c) the excellent response to rock phosphate
after sufficient time of contact between the rock and
the soil, it would appear that the most appropriate
treatment of the soil with phosphorus for the growth
of legumes would be an initial application of rock
phosphate that would provide at least 600 pounds
of P 2 0 5 per acre accompanied by annual applications of superphosphate in quantities that would replace the phosphorus removed by the crop.

PROJECT 210:

Investigations of the Effects of Meterological and Climatological
Variations on Agricultural Production in Missouri
W. L. Decker, J. F. Gerber
Objective:

To study the rate of water use for transpiring
crops as related to environmental factors.
Progress Report:

The experimental work was preformed at the
Midwest Claypan Experiment Farm near McCredie,
Missouri. The area used was an approximate 10 acre
block on a south facing slope. This entire area was
planted to a long season corn. Approximately 80
percent of the area was irrigated dudng the summer. Soil moisture determinations were made by
the neutron scattering technique on Monday, Wednesday, and Friday of each week. These moisture
determinations were made at six inch intervals for
the top five feet of the profile in a small plot near
the center of the field. Analysis of variance of the
soil moisture data indicated that moisture was used
from only the top 42 inches of the profile and that
the standard error of the mean moisture percentage
was 0.07 inches of water. From the water balance
the mean moisture use per day from the first of
July to mid September was 0.18 inch per day.
The evaluation of the heat budget was performed by measuring the individual components of
heat budget relationship or by estimating these
components. The net radiation was measured with
a net radiometer, the soil heat was measured by
thermopiles just below the soil surface. The output
of these instruments was recorded with a recording
potentiometer. The amount of heat used in heating
the air was estimated by Penman's equation from
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the wind travel, dewpoint, and air temperature.
Computed values of evapotranspiration were
compared with values obtained from the water
balance. Two values were computed. E 1 assumed all
the heat which goes into the soil would have been
used to evaporate water. E 2 partitions this soil heat
between heating the air and evaporating water.
The correlation coefficients between evapotranspiration measured and computed were 0.52 for E1
and 0.58 for E 2 • The data show that E 2 is a better
estimator of evapotranspiration than is E 1 • A prior
consideration would have indicated this. Examina·
tion of the scatter diagrams of computed and measured evapotranspiration revealed that with some
periods there was good agreement, with others
poorer agreement. Further examination indicated
that the periods with good agreement occurred
when the soil surface was wet, while poor agreement resulted when the soil surface was dry.
The data were thus segregated into two groups
and the correlation and regression coefficients recomputed. On this basis the computed and measured evapotranspiration produced a correlation coefficient of 0.85 and a regression coefficient of 1.09
when the soil surface was wet. Since the line very
nearly went through the origin this indicated analmost 1:1 agreement with the model with some scatter about the line. When the soil surface was dry
the correlation coefficient was 0.68 and the regression coefficient was 0. 75. The line did not go through
the origin.

It became evident that evapotranspiration from
the corn was dependent upon whether the soil surface was wet or dry. The net result was that when
the soil surface was dry the model overestimated E
and underestimated A. The evidence for this is that

the amount of heat going into the soil remains
largely unchanged and an error results in the partitioning of heat between evaporating water and
heating the air. (Lack of space will not permit a
more detailed report of this study.)

PROJl:CT 211:

Water Infiltration Rates and Available Moisture Storage
Capacity of Major Soils of Missouri
G. E. Smith, E. M. Kroth, C. L. .Scrivner,
V. C. Jamison,). R. Eagleman, P. M. Smith
Objective A:

1 Rainfall-runoff data for the plots at McCredie
for the period of 1945-57 were analyzed for
intake rate. These analyses showed that initial
soil moisture influenced intake rate more
than any other factor. Also it was shown
that on dry soils the intake rate will double
for each 50°F rise in temperature.
2. A laboratory model constructed of aluminum
and clear plastic was used to study the effect
of varying quantities of plant residues placed
at plowsole depth and degree of compaction
of the soil on top of these residues on the
movement of water in either direction
through the soil of the model.
Objective B:
1. Four soils on the Southwest Missouri Re-

search Center were sampled and available
water capacity estimates were made. These
values compared favorably with those other
soils of similar origins and textures studied
previously under this project.
2. A check on the method of saturating cores
when studying available water capacity was
made. Data from a set of cores soaked in a
shallow pan of water for 24 hours were compared with a similar set in which air in the
pores had been replaced by C0 2 before soaking at low C0 2 pressure. The differences

were not of sufficient magnitude to suggest
a change in method of wetting.
3. An attempt was made to determine in place
the wilting percentages of each horizon of a
Mexico silt loam profile. From sides of a Vshaped trench suitable benches were cut at
the top of each profile and enough fertile
soil added in which to plant sunflowers.
The area was covered with green Vinyl plastic to c:,xdude rainwater and prevent evaporation. Provision was made to make moisture
determinations with the neutren moisture
meter. An unexpected underground aquifer
supplied sufficient water so that the plants
did not wilt. Another site has been selected
for this study in 1960.
4. An attempt was made to study the effect of
crop growth on moisture and soil volume
changes of Mexico silt loam. Screwtype, fourinch blade, fence anchors were fitted with
sleeves and installed at depth of 12, 18 and
30 inches at two sites, one in alfalfa, the other
in blue grass during April; 1959. Additional
anchors were installed at 48 inch depths in
October.
Alfalfa was more effective than blue
grass in removing water and causing volume
charges at lower depths. There was evidence
some shrinkage occurred below 30 inches.

PROJECT 229:

Soil Tests and Fertilizer Response
G. E. Smith, P. M. Smith, J. A. Roth, T. R. Fisher
Progress Report:
Field Experiments are in progress on all of the

fields where soil fertility studies are being conduct14 1

ed. Varying ratios of phosphorus, potassium and
calcium are applied and the yields of the crops produced in the area are correlated with the results of
laboratory soil tests. Where soils have received no
basic soil treatments the correlations have been good.
However, when liberal applications are made it has
been difficult to secure reliable soil samples since
the materials are not uniformly mixed in the plow
layer. This is becoming a major concern in crop
production since soil treatments are increasing and
becoming a major cost in production.

Columbia, McCredie, Southwest Research Center,
Weldon Springs
Summer rainfall was so low at these locations
that a shortage of moisture rather than nutrients
limited crop growth. All of these soils were originally low in phosphorus. Potassium levels will vary
with past cropping practices. In 1959 there was aresponse of most crops to starter applications of both
phosphorus and potassium, but little response was
obtained from increments of plow-down treatments.
An application of 50 pounds of nitrogen for com
or sorghum was ample at all locations-regardle ss
of the organic matter content of the soil. There was
a response to this 50 pound rate, but the shortage of
moisture apparently prevented an additional amount
being of benefit.
Good response was obtained from both phosphorus and potassium on small grains where soil
tests indicated a low level of these elements. Com
and grain sorghum failed to give a response to
added phosphate, even when tests showed low levels
of these nutrients. Corn showed only limited response to phosphate. Grain sorghum showed little
response to phosphate but for the second year potassium applied on the McCredie field had a significant effect. Starter potash (36 lbs. per acre of K 20)
increased sorghum yields in 1959 from 42 to 53
bushels per acre. Plowing down 240 pounds of K 20
further increased the yield of grain to 65 bushels
per acre. This crop, which has a high carbohydrate
content, apparently has a higher potassium require. ment than has formerly been recognized.

Southeast Missouri
Soil test correlation studies with cotton were
conducted at 9 locations in the southeast Missouri
area in 1959. A response to nitrogen was obtained
at all locations and little correlation was obtained
with soil organic matter content.
Apparently weather conditions and soil texture
influenced the amount of nitrogen that was made
available from the soil more than did total organic
matter content. Most of the soils where tests were
conducted have soil tests for phosphate and potassium that are considered medium to high. When
phosphorus and potassium were applied without nitrogen the effect was small. However, after nitrogen
treatments were applied the addition of phosphate
and potash in bands near the seed row gave significant increases in yield. The quality applied that
gave optimum yields varied some with location, but
in most cases 50 pounds of P 2 0 5 per acre and 25 or
50 pounds of K 2 0, gave optimum yields. This suggests the need for starter applications of these elements. However, this quantity is greater than is normally considered a starter treatment. It appears that
the tests now being used may be indicating nutrients
are available that will not be absorbed by cotton.
Good correlations were obtained between soil
tests and the response of corn to soil treatments on
a Waverly ·silt loam. Increases in yield of soybeans
amounting to 12 to 14 bushels per acre were obtained from additions of dolomitic lime and potash
fertilizers where soil tests showed low values for
magnesium and potassium.

Northwest Research Center
The soil where these trials are located was plowed from an old sod in 1955 and has a high organic
matter content. It tests low in phosphorus and medium to high in potash. Corn showed little response
to any soil treatment. Small grain yields were improved by phosphate in the starter fertilizer, but
gave no response to added potassium. A mixture of
grasses and legumes was benefited by plow_ down
applications of })oth phosphorus and potassmm.

PROJECT 231:

The Improvement of Soil Fertility Through 1-leavy Applications of
Nitrogen and Carbonaceous Organic Matter .
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G. E. Smith, J. A. Roth, E. M. Kroth,
Theo Dean, M. H . Brown, P. M. Smith
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Progress Report:

. Studies were conducted on a heavy clay soil at
Bell City and on Putnam silt loam at Columbia. At
Bell City the addition of cotton hulls, corn cobs and
other organic residues increased cotton yields when
liberal amounts of nitrogen and phosphorus were
applied. Some yields were in excess of two bales per
acre. During the season visible differences in the
friability of the soil surface could be noted.
Failure to secure stands of some crops prevented
the use of cotton to measure the influence of previous cover crops at Bell City. When some of the
areas were plowed it was noted that where Sudan
was the previous crop less power was required for
plowing than where sorghum (drilled solid), alfalfa
or fescue had been grown. This work will be transferred and continued at the new research center near
Portageville.
On Putnam silt loam heavy additions of organic materials with high nitrogen .levels have had
little effect on crop yields over nitrogen alone (minerals adequate). A shortage of summer moisture
limited yields. One of the plots on Sanborn Field

that received only manure produced a higher yield,
under the dry conditions that prevailed, than did
chemical treatments.
Where straw is burned (South Farm) and adequate fertility provided, the wheat yields continue to
be higher (continuous wheat) than where straw is
returned. Wheat yields are usually higher in Missouri in seasons when soil moisture is in short supply. The surface of the burned area is smooth in the
spring and has been shown to have a higher bulk
density. Apparently moisture supplies are lower
where burning has been practiced and this is an apparent advantage for wheat. It is probable that the
reverse would be true.for corn.
Soil tests for organic matter on soil where liberally fertilized corn has been grown continuously
indicate little change. This is contrary to the general opinion that has prevailed that organic matter
would accumulate under such systems. Apparently
cultivation and high summer temperatures result in
rapid oxidation.

PROJECT 263:

Energetics of Ionic Relationships in Soils and Plants
D . E. Baker, J. L. Mcintosh, C. M. Woodruff
Objective A: To establish a scale of energy values
for potassium in relationship to plant nutrition with
minor elements as variables.
a. Using 20 percent of Kin exchange samples
of soils, soybeans were grown at low, medium, and high additions of Na, Cl, So 4 , B, Ca,
Zn, and Mo. Boron was isolated as the element which, if not added, was responsible
for the restricted development of soybeans
at high levels of potassium in the soil.
b. Using variable amounts of K in soil, including 0, 0.5, 1, 2, 4, 8, 12, 16, and 20 percent
in the exchange samples without and with
addition of 2 lbs. of boron per acre, therestricted growth which developed with 4 percent of K and increased progressively to
complete failure with 20 percent of K was
eliminated completely by the addition of 2
lbs. per acre of boron.
.
Objective B: To evaluate the accuracy of potassium test of soils based upon energy conditions.
This investigation was pursued in pots in the

green house. Soils were collected from many sources
both from Missouri and from adjoining states. Soybeans were grown and analyzed for potassium. The
results were correlated with the energy replacement
of potassium from the soils. The concentration of
potassium in the plants was found to be related to
the energy of replacement of potassium from the
soils. But other factors which affected the rates of
growth of the plants modified the composition of
the plants with respect to potassium in addition to
the energy of replacement of potassium from the
soil.
Objective C: To determine the relative effectiveness of mono calcium phosphate and ammonium
phosphate banded with corn at ,planting titpe.
Objective D: Not listed on last year's work plan.
To determine the activity of mang:tnese in the soil
that is toxic to the growth ofsoybeans.
· Soybeans were grown in pots in the green
house. with increments of manganese sulfate. Both
acid and limed soils were~ used and each was used
under aerated and water"logged conditions.
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No serious toxic conditions were created by
adding manganese to limed soils under either aerated
or water-logged conditions.
With acid soils the growth of soybeans was restricted both by additions of manganese and by
water-logging the soil.

PROJ~CT

Soybeans tolerated concentrations of s millimoles per liter of manganese in 0.01 molar calcium
chloride extracts of the soil but were stunted in
growth at 9 millimoles per liter. (It is regretted that
space will not permit the inclusion of this report in
more detail).

267:

Soil Fertility and Cotton Production
J.

A. Roth, G. E. Smith

Progress Report:
Objective A: Experiments including soil fertility
and plant nutrition studies with cotton were conducted in 1959 on ten separate fields over the Southeast Missouri area. A number of separate investigations were located on the Bell City, Bragg City,
Diehlstadt and Malden Fields. Fertilizer studies that
involved rates of applications and correlation with
laboratory tests were conducted on land of cooperating farmers that represented wide variations in soil
types found in the area.
The 1959 season was most favorable for planting and development of the cotton crop. The yields
obtained with adequate treatments were some of the
highest on record. Facilities for irrigation were available at most locations. Supplemental water was
added on only two of the soils. The response to this
added water was not great.
Some basic information of the mechanical analysis and moisture holding capacity of these soils
producing cotton was obtained in 1959. This information when considered with chemical soil tests
has been helpful in interpreting the yield results of
field experiments.
The results obtained on a single soil from some
nutrient additions have differed widely from season
to season. Apparently, the temperature and moisture
conditions have influenced the rate of nutrient release from soil organic matter. This work has now
been conducted for a sufficient period of years for
some conclusions to be drawn from the response
obtained from nutrient additions.
The results obtained in 1959 continue to show
there are few soils in southeast Missouri that can
supply all of the nutrients required by cotton for
most efficient production. Soil tests show where
there is need for basic treatments. However, soil
tests may show a fairly high level of nutrients, but
where the early season is wet and cold the rate of
release of nitrogen and phosphorus from organic
matter is slow and starter applications of fertilizers
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have stimulated early growth and increased efficiency. On most soils the banding of a starter fertilizer has been profitable on both the sandy as well
as the clay soils.
'

Response to Starter Fertilizers
Experiments with starter fertilizers on seven
loam or clay soils and on two sandy soils all showed
efficient response to starter fertilizer applications. In
most cases nutrients applied in the amount of 50+
50+ 50 per acre was adequate On some soils double
this quantity increased yields, but did delay maturity. On one field the treatments were on a field that
had been put to grade. The cut area (subsoil) produced lower yields with the lower rates of fertilizer
application. However, at the higher rates of application production on the subsoil was as large as on
the undisturbed or "filled" areas. This points to the
need for complete soil test evaluation and liberal
soil treatments where land grading has been done.

Rates of Nitrogen Application
On most of the loam and clay soils 25 or 50
pound applications of nitrogen produced the highest yields. At Bragg City (a heavy "gumbo" soil)
and on a graded field where over 12 inches of soil
had been removed a 100 pound per acre application
of nitrogen produced a higher yield than where a
smaller amount of nitrogen was applied. At most
locations the heavier rates of nitrogen increased
vigor of gru~th, delayed the opening of the bolls
and made early picking with machines difficult. An
even supply of moisture in the early part of the
growing season apparently increased the rate of nitrogen release from most of these soils. In some past
years when soil moisture was higher and temperatures lower a larger amount of nitrogen was required
for most efficient production.
On the sandy soils the 100 pound per acre ap·
plication of nitrogen measured yields over a 50

pound application. T?e _inc~ease in yield was greater
where supplementaltrngatwn water was applied.

Rates of Phosphorus Application
Phosphorus additions hastened maturity of cotton in 1959, resulted in a higher percentage of the
crop being harvested at the first picking and offset
the delaying effect of nitrogen particularly on the
heavy clay soils. In many cases, both in 1959 and in
previous seasons an application of 50 pounds of
phosphate per acre has produced higher yields than
has the 100 pound rate. There is no satisfactory explanation for this depressing effect of the heavier
rate of application.
Most of the soils showed levels of phosphorus,
according to soil tests, that would be considered
medium to high. The application of available phosphate in bands near the seed at time of planting apparently had a starter effect. This has stimulated the
young plants and improved yields. These results
have been consistent for the past four years and
point to the value of starter fertilizer containing
phosphorus, particularly on heavy clay soils-even
when soil tests indicate high levels of this element.
On the sandy soils, where experiments were
located, little increase was obtained from more than
25 pounds of P 2 0 5 per acre.

Rates of Potash Application.
None of the soils where experiments were conducted in 1959 showed a need for " build-up" applications of potassium. The three sandy soils showed
a response to starter applications of potash. Three
of the seven locations on the heavier soils gave a response. Soil tests alone do not give a satisfactory indication of expected response. Where soils had a
loam texture less response was obtained for a given
soil test than where soils had a higher clay content.
On the field (loam) that had been put to grade
a greater response was obtained on the "cut" area
than where the soil had been filled. There was no
satisfactory correlation between the results obtained
and the soil test results.

Trace Elements
A mixture of trace elements (E-S-Min-El) when
applied with a complete fertilizer produced higher
yields of cotton lint on all but two experiments on
the clay soils. Response was also obtained on the
sandy soil of the Malden field, but not on another
sandy loam soil where a yield of 1300 pounds of lint
cotton was obtained.
Sources of Nitrogen and Nitrogen Applications Alone
All forms of nitrogen gave significant increases

in yield. Anhydrous ammonia was less effective on
heavy claysoils. It is thought that a high moisture
content at the time _of application may be a factor
in this response. -Urea .delayed maturity on the sandy
soils. These results _are in general agreement with
the response obtained in previous seasons. In some
past years the difference in response has been greater.
The increase in yield of lint cotton has been more
consistent from applications of ammonium nitrate
than from other sources.
In nine of ten experiments, the full benefit from
nitrogen was not obtained without additions of
phosphorus and potassium. Nitrogen alone, in many
instances, delayed maturity and produced a large
vigorous plant which was difficult to pick with a
machine.

Methods of Fertilizer Application
The placement and method of applying fertilizer influenced the amount of nutrients needed to
produce a cotton crop. The practice of banding fertilizer near, but not in contact with the seed, continues to show the most efficient and economical
use of a given amount of fertilizer. On the sandy
soils, banding of fertilizer at time of planting was
superior. On the clay soils banding under the beds
produced the highest yield over a four year period.
Broadcasting the fertilizer and plowing down at
Malden produced a higher yield than no fertilizer
but produced 120 pounds less lint per acre than
where other method of application were used.
The application of additional nitrogen, sidedressed, often produced higher yields over the four
year period. There did not appear to be a marked
difference between sidedressing close to the row or
applying in the middles apparently the nutrients
were efficiently absorbed by the roots from both
areas of placement.
Planting cotton on the "flat" has not produced
as satisfactory a stand or as high yields as where
planted on beds. On the heavy soil better seedbeds
can be prepared when the land is "bedded".

Time of Sidedressing Fertilizer Application
Various combinations of complete fertilizers
were applied at the Malden field as sidedressings
from July 6 to August 10. The results indicated little
difference in plant response. There was no advantage
in "splitting" applications. Heavy applications of
phosphate late in the season did not speed maturity.

Subsoiling to Break "Traffic Pans"
An increase in cotton yields was obtained on
the Malden field following subsoiling in 1957. In
1959 a decrease in yield resulted on these same plots
145

where no soil fertility treatments were added. The
results indicate little advantage from subsoiling if
adequate fertility treatments are applied.
Objective C: Adverse weather in 1958 prevented
some stands of crops being obtained on the Bell
City Field where this study is being conducted. The

cotton yield data did not show significant differ.
ences. It is of interest that where sudan grass was
drilled that the soil was easier to plow than where
sorghum, cotton, alfalfa or fescue was the preceed.
ing crop. This study will be reestablished on the
new farm near Portageville.

PROJECT 268:

Soil Fertility and Corn Production
G . E. Smith, P.M. Smith, J. A. Roth ,
E. M. Kroth, T. M. Dean, M. H. Brown, L. E. Barnes

Progress Report:
Corn yields were limited by a shortage of summer moisture in the southern two-thirds of the state
in 1959. Despite the rainfall deficit, a good supply
of subsoil moisture permitted fair yields and a response to soil treatments on all but those soils of
very low water-holding capacity. In seasons with an
ample supply of summer moisture the use of adequate soil fertility treatments has permitted high
corn yields on soils that have been considered only
average in productivity. When adverse differences
prevail the differences in soil type become most apparent.
Sanborn Field. Less than one inch of rain fell at
Columbia during June and July and corn yields
were below average. Where corn has been grown
continuously for 72 years and manure applied the
yield was 25 bushels per acre (72 year average 35
bushels). Continuous corn with full treatment since
1950 produced 35 bushels and where corn followed
red clover, with full treatment, 38 bushels per acre.
The average yields for the past 10 years has been
73.8 and 74.2 bushels per acre, respectively. In seasons when rainfall has been adequate corn after
legumes has produced the higher yields, but usually when moisture is short the continuous corn is
the most productive. When there is a vigorous
spring growth of vegetation apparently moisture is
utilized that will be needed by the corn crop in the
summer. The benefits of manure were shown in one
comparison where an application of 6 tons per acre
(have been applied annually for 72 years) increased
the yield from 28 to 47 bushels. Where lime and
chemical fertilizers were the only treatments the
yields ranged from 33 to 40 bushels.
South Farms. An adequate stand of corn was important in securing maximum benefit from soil treatments even in dry summers. Where full treatment
was provided a population of 8,000 plants per acre
produced a yield of 65 bushels per acre; 10,000
plants yielded 68 bushels, but with 15,000 plants
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the yield was 78 bushels.
Where rock phosphate and superphosphate
have been applied for 10 years in a 2-year system of
corn, oats + sweet clover, corn yields have not been
significantly different. Applying these materials on
the surface and plowing down has been as effective
as applying in bands on the plow sole or in the subsoil with special plow attachments.
Wheel track planting with minimum tillage
for the third year gave results similar to those obtained where land was worked more times. There
was no runoff from any of the plots in 1959. The
loss of moisture from heavy rains from the smoother
soil has been considered significant in past seasons.
It appears that on soils of this texture (silt loam)
· that a liberal nutrient supply reduces the need for
tillage to aid in the release of nutrients from soil
organic matter.
Under the conditions experienced in 1959 a 40
inch row spacing gave the highest yields. Where the
rows were 80 inches apart yields were significantly
reduced.
Residual soil acidity is a factor in continuous
corn production when liberal amounts of nitrogen
are added. Where corn has been grown continuously with heavy nitrogen applications for the past
10 years, those fertilizer materials that have left alkaline residues have produced the highest yields. In
1959, calcium nitrate was the best source of nitrogen. Different rates of lime that inB.uenced yields in
1958, however, did not show significant differences
in the dry season of 1959.
The relationship between soil fertility level,
time of planting corn, and the period for maturity
have been studied. Temperature and moisture conditions have influenced the results. In some seasons
early planting dates have given higher yields while
in other seasons later seedings have been superior.
In 1959 the highest yields were obtained from late
May or early June planting. Nitrogen more than

doubled the yield, but did not change the response
to planting dates.
. Grain sorghum gave a response to fertilizer
~imilar to that obtained from corn.
McCredie Field. Experiments that include fertilization and liming studies with corn were initiated
at McCredie in 1958 and 1959. The shortage of summer moisture limited yields. In one study where
supplemental irrigation was applied the banding of
limited quantities of phosphate and potash near the
row produced as high yields as where larger
amounts were plowed down.
Weldon Springs. Higher rates of nitrogen increased yields of corn despite production of less
than 50 bushels per acre. Sources of nitrogen did
not have significant effects. Phosphate applied in the
starter fertilizer showed some benefit, but potassium
was ineffective with the moisture limitations. Little
difference resulted from various forms of phosphate.
The carry-over effect of nitrogen applied to the first
year of corn (rotation-corn, corn, and wheat) was
very small. Yields were higher when corn was planted in 40 inch than in 20 or 80 inch rows.
Northwest Research Center. Moisture supplies
were more than adequate at this location and yields
in excess of 100 bushels were obtained. Some experiments were replanted because of excess moisture and
cultivation was hampered because of the wet soil.
This upland soil was plowed from an old sod in
1955 and is continuing to deliver a significant
amount of nutrients from organic matter and mineral reserves. However, in 1959 more effects of
treatments were obtained than in previous years.
Starter phosphate increased yields from 90 to 98
bushels per acre and starter potash increased yields
5 bushels per acre. Little benefit was obtained from
plow down applications of these elements. Soil tests
indicate a deficiency of phosphate, but potassium
levels are medium to high. Lime has had little effect ~n corn yields after four years. This soil showed
no benefit from nitrogen on corn when it followed
a mixture of legumes, but the second year corn
showed an increase from added nitrogen. This is the
first year that an increase has been obtained.
New studies were initiated both on upland and
on alluvial soil (clay loam) where various methods

of seedbed preparation, planting, and cultivation
methods are variables. The wet weather hampered
some planting operations. However, the results indicate with a high fertilizer addition tillage is needed
only to control weeds. Wheel track planting gave
satisfactory results. On the poorly drained bottom
soils planting on lister ridges showed some advantage. Methods of planting that facilitated drainage
gave the highest yields. Yields were improved by
additional cultivations on this soil.
Experiments conducted in cooperation with a
farmer (lower fertility level than on the Research
Center) showed a benefit from both lime and starter
fertilizer on corn.
Soil treatments on grain sorghum have had
more influence on this soil than the same treatments
on corn. Starter fertilizers have produced significant
increases in yield. A 50 pound per acre application
of nitrogen has increased production, but a 100
pound per acre application has shown no benefit
over the 50 pound rate.
Southwest Research Center. Studies were initiated
in 1959 where soil treatments were applied to both
corn and sorghum. Early growth was excellent.
However, dry weather in mid-summer and a very
wet fall resulted in crop failure of corn on the gravelly upland soils. Lodging and the germination of
grain in the heads prevented reliable yields of sorghum being obtained. Fair yields were secured on
the alluvial soils. Good responses to fertility treatments were .obtained for both corn and sorghum.
Southeast Missouri. Soil fertility experiments
with corn were conducted on three soil types in
1959. On a sandy soil moisture limited yields, but
increases of 20 bushels per acre were obtained with
40 pounds of nitrogen. There was little difference in
response to ammonia and nitrate forms. On a clay
loam soil yields of over 100 bushels per acre were
produced and nitrogen increased yields by 20 percent. There was little difference in response to 40
and 80 pound applications of nitrogen. On a Waverly silt loam, with 2 percent organic matter and low
in phosphorus and potassium, nitrogen alone failed
to give an increase in yield but was beneficial when
phosphorus and potassium were also applied.

PROJECT 281:

.Effects of Climatological Variations on
Agricultural Production in Missouri
W. L. Decker, J. F. Gerber
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Objectives:
B. To prepare such analyses of climatological
data as may be important to agricultural
production in Missouri.
Report of Progress:
An important feature of the past year's research
has been the development of a model for evaluating
the weather risk in management decisions. A practical application of this model has been attempted
in the decision to employ mechanical drying of
grain. The idea was to gain a more favorable price
by rapidly bringing the grain to a moisture content
favorable for storing. Preliminary results indicate
that the model is correct and more complete data
will be supplied.

Much work has been done toward the computation of the probability of runs of days with critically
high and critically low temperatures. This work is
part of a region wide study of temperature variations. Unfortunately, the work which is completed
is not a finished product so no summaries are available and another year's effort will be needed to obtain valuable probabilities of runs of days. At the
present, data from eleven locations in the state have
been partially summarized.
Probability studies for selected amounts of precipitation over Missouri have been completed as a
part of a region wide study. The probability of precipitation amounts for eleven locations in Missouri
have been completed for weekly, biweekly, and triweekly periods.

PROJECT 304:

Efficient Utilization of Soil and Fertilizer Nitrogen
E. R. Graham, L. E. Barnes,). R. Roth, P. M. Smith
Progress Report:
Corn was grown on a sandy loam, a sandy soil
in Southwest Missouri, on a Mexico silt loam at the
McCredie field, and on an Edina silt loam at the
Northwest Research Center. On the loam soil of
the Southeast lowland the corn responded well to
the 40 lb/ A nitrogen treatment, resulting in an increased yield of near 20 bu/ A. The second increment
of nitrogen resulted in a small increase in yield. The
kind of nitrogen or the time of application did not
effect the results. The corn grown on the Dexter
sand of the Southeast lowland showed an increase
in yield of 15 to 20 bu. for the first 40 lbs. of N I A.
The yield increase from the second 40 lb. was small.
The kind of nitrogen and the preplant application
or sidedress resulted in the same yield increases. At
McCredie the applications of nitrogen resulted in

little increase over the no nitrogen plots. This was a
result of the low rainfall in June (.03 in.). Theresults of the Northwest Research Center experiment
showed little gain in yield as a response to nitrogen
treatments. This lack of response was due to a lack
of stand (partly influenced by the 7.1 in. May rain).
The correlation coefficient between yield and stalks
per acre was .946 with the scatter being 2.5 bu/ A.
The no nitrogen plot produced an average yield of
84 bu/ A.
The crude protein content of the stover and
grain was increased by the nitrogen treatments to
the soil. This was especially true on the sandy soils
at Malden and the low stand plots located at the
Northwest Research Center.

PROJECT 324:

The Determinatio n of Geographica l Distribution of
Precipitation Clouds by Use of Radar
W. L. Decker
Objectives:
To develop a method for determining the distnbution of rain clouds.
Progress Report:
Radar film was made available for several storm
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periods during the past year. Using a plastic overlay
attempt was made to determine the extent of rain
occurrence in test areas. It was planned to record
the area in one of three categories: ( 1) none of the
test area with rain, (2) rain in the area but covering

less than SO percent of the test area, and ( 3) rain in
the test area and more than SO percent covered by
rain.
Several difficulties have resulted in these efforts.
First of all the film exposures have not been too
good, so difficulty has been encountered in the evaluation of the record. In addition, the distortion of

PROJECT 358:

the range marks makes it impossible to be entirely
certain that the storm cloud is correctly positioned
relative to the plastic overlay. Last of all, the resolution of the radar set employed in this work makes it
difficult to evaluate the cloud positions.
In spite of these difficulties a limited amount of
data have been extracted. The amount of data is not
sufficient for analysis.

Soil Treatments for Alfalfa and Birdsfoot Trefoil
G. E. Smith, P.M. Smith, G. H. Wagner, M. H. Brown,
L. E. Barnes, T. M. Dean, E. M. Kroth, J. A. Roth

Progress Report:
Soybeans are being grown with different soil
fertility treatments on most of the experimental
fields. Detailed work is being conducted at the McCredie station.
Where a soil level of phosphorus, potassium,
calcium or magnesium is sufficiently low according
to Missouri soil tests the addition of these elements
has increased yields. However, when yields have
been as high as 2S-30 bushels per acre the addition
of plant nutrition elements has had only a limited
effect on increasing production.
At the southwest research center where a number of band applications of different fertilizers were
applied, soybean yields were increased despite a dry
summer that limited yields. Both super and rock
phosphate applied in bands increased yields. Little
benefit was obtained from potash or lime. Nitrogen
applied as a side dressing on this low organic matter soil showed an increase of 2 bushels of grain per

acre.
In one experiment at the south farm where soybeans have been grown in rotation and lespedeza or
red clover has been removed for hay the soil has
been depleted of potassium. The addition of potash
fertilizers more than doubled yields in 19S9 from 10
to over 20 bushels per acre. On a soil in southeast
Missouri where soil tests showed low levels of both
potassium and magnesium the addition of these two
elements increased yields from 12 to 28 bushels per
acre. The addition of these elements singly had little effect.
Soil treatments had only limited influence on
the yield of soybeans produced at the McCredie
field and at the northwest research center. The soils
where these experiments are located apparently can
deliever sufficient of the nutrients added and some
other factor is limiting yields.

PROJECT 357:

Soil Fertility and Soybean Production
G. E. Smith,

J.

A. Roth, T. M. Dean, L. E. Barnes

Progress Report:
Soil treatment studies were continued with alfalfa at S locations and Birdsfoot Trefoil at 4 experimental fields in 19S9. The results continue to
show that good crops of alfalfa can be produced on
most soils if the fertility provided is adequate, but
this crop has the highest mineral requirement of any
grown in the state. Nutrient deficiencies may be connected but moisture storage capacity appears to be
the limiting factor in growth. Good stands of Birds
foot Trefoil have been obtained but stands have
seldom survived for more than one season. Root
rot organism appears to limit survival. No fertilizer

treatments have overcome this disease trouble.
Alfalfa plots on Sanborn Field were reseeded in
19S9 where stands had remained for 8 years. This
claypan soil has not been considered adapted to alfalfa, but with liberal initial mineral applications,
and top dressings of potash, good crops were produced for eight years with average yields of over 4
tons per acre.
Experiments with alfalfa and Birdsfoot Trefoil
at Columbia are li~ited to plow-depth treatments
where these legumes are grown as mixtures with
brome grass. Only two cuttings were made in 19S9.
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Where nitrogen has been applied a considerable
amount of brome grass is in the mixture but where
nitrogen is omitted particularly with alfalfa the
legume makes up over 90 percent of the harvested
forage.
Influence of Soil Treatement on Yield of Alfalfa and Birdsfoot Trefoil-Putnam Silt Loam(1959) Yields.
Soil
Treatment
N
p

Alfalfa
Brome Gross

Birdsfoot- Trefoi I
Brome Grass

3900 lbs.

2500 lbs.

3150

3200

None
N- p

1250

2250

4400

3400

p- K

3500

4150

NPK
Ca-P
Ca-P-K

5450

3800

4850

3700

6050

3700

Ca-N-P-K

6150

Co

5300

4450
3550

Variables in soil treatments are being compared
at the McCredie field ( claypan soil) at the Northwest research center (Seymour Soil) and at Weldon
Springs (deep loessal soil). A satisfactory stand has
not been secured at McCredie and no records were
taken in 1959. The stands at the Northwest field are
3 years old and at Weldon Springs, 4 years. Yields
have been consistently high with only minor influences of soil treatments being evident. Where lime
and starter fertilizers are the only treatments, yields
are only 20 percent below the maximum obtained,
and stands are vigorous. The heavier rates of liming
and deeper application of lime and phosphate have
produced the highest yields. No yield response has
been obtained from magnesium, sulfur or trace elements on these two soils.
Seeding studies have shown the need for at
least 30 pounds of nitrogen in the starter fertilizer
in the establishment of alfalfa.

PROJECT 374:

Segregation of Blended Fertilizer Materials
G. E. Smith, C. W. Gehrke,
W . L. Baker, R. J. Crabtree, M. H. Brown
The experimental error obtained from replicated
samples (9 cores each) from a number of loads of
dry mixed fertilizers indicated that by the use of materials of proper sieve size it was possible to produce
mixes that could meet the tolerances of the Missouri
fertilizer law.
The pattern of distribution of fertilizer differed with individual trucks. Two-fan trucks gave a
more even distribution than did those equipped
with a single fan. The single fan trucks tested delivered more to the right side than to the left. An
attachment was made for a single fan distributor
that produced as even spread as was obtained with
two-fan trucks. The adjustment of the blades on the
fans had some effect on evenness of spread. The most
even distribution was obtained when the blades
were at the intermediate position. The speed of the
truck fans influenced the distance that particles of
different size were thrown. When dry mixes of different materials were spread, the fan speed influenced the composition of the material that fell on a
specific soil area. When dry, mixed materials were
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dropped and permitted to roll, the shape, size, and
weight of the particles influenced the amount of
segregation. Some mixes showed little segregation,
while with others there was much separation. Little
additional segregation was found after truck loads
of dry mixed fertilizer were driven thirty miles.
Where three fertilizers were loaded into trucks
through an auger or by breaking bags and stratifying by hand, the variation in analyses was slightly
larger than when materials were batch mixed. Segregation of dry mixed fertilizer that occurred from fan
distribution was associated with the sieve sizes, the
specific gravity of materials and fan speed. This
segregation differed with some materials and in
some cases varied from that found when the mixes
were dropped in the truck bed. The stratification of
fertilizer materials in a pull-type spreader showed
more variation than did the stratification in spreader
trucks.
The critical factors in the mixing and spreading
of dry mixed fertilizers are (a) the size, shape and
density of the particles to be mixed, and (b) the de-

sign and adjustment of the spreaders.
Crop yields from field spreadings of dry mixed
fertilizers showed no more variation than from granulated mixed fertilizers. (In the areas where the

work was conducted dry weather limited yields.)
The mixing of seed with fertilizer and spreading by trucks gave as even stand as where seed was
broadcast by hand.

VETERINARY MEDICINE
A. H. Groth, Department Chairman

PROJECT 342:

The Physiologic Effect of Continued Feeding of
Resperine on Western Ewe Lambs
A. D. Allen, A. W. Uren, A. H. Groth

Objective:
To determine the effect of continued oral administration of reserpine (Serpasil) on certain glands
and extracellular fluids of ewe lambs. Also to determine the effect of the drug on rate and efficiency
of gains.
A group of 40 ewe lambs were divided into 4
lots of 10 lambs each. Animals were fed a pelleted.
ration with reserpine added. Lot I Controls, Lot II
.0625 mg. reserpine per lb. of feet, Lot III .125 mg.
reserpine per lb. feed, Lot IV .25 mg. per lb. of
feed. Blood samples were drawn at weekly intervals
from all animals and hemocrit, hemoglobin, differential cell count and blood glucose were determined.
Sheep were weighed at weekly intervals. Feed consumption was determined at weekly intervals. One
animal from each ·lot was slaughtered at weekly intervals and carcass grade and yield were determined.
Six glands were obtained, weighed and sectioned.
Animals fed .125 mg. and ;25 mg. of reserpine
per pound of feed were less easily disturbed than

the Control animals or animals fed .0625 mg. of
reserpine per pound of feed . The weight of the
adrenal glands decreased significantly in weight in
both the control and the low level (.0625 mg.)
reserpine fed lots. No change was noted in the
weight of adrenal glands in lots fed the medium
levels (.125 mg.) of reserpine. A significant increase
was noted in the weight of the adrenal glands in
lambs fed the highest levels of reserpine (.25 mg.
Lot IV) . The weight of the thyroid glands was not
consistent with feeding levels. The weight of the
thyroid decreased significantly over a 10 week period in lots fed the lowest levels of reserpine (Lot II)
and the highest level (Lot IV) and increased significantly in Lot III fed the medium level of reserpine. Blood glucose level increased significantly over
a 10 week period in the lowest reserpine fed lot (II)
but no effect was noted in the higher levels. No effect was noted on hemoglobin, hematocrit and white
blood cell numbers.
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PROJECT 140:

Hog Cholera Immunization
Cecil Elder, A. H. Groth, D . E. Rodabaugh, Harold Wright
Objectives:
A. To study the factor or factors influencing
antibody production in hog cholera immunization.
B. To study stress factors and their effect upon
the immunity.
C. To study the immunity produced by the administration of modified hog cholera vaccines.
Results:
Among the pigs challenged at 75 days after
vaccination, 17 of 29 dry lot pigs developed temperatures of 105F or higher. Seven of these died
showing typical symptoms and lesions of hog
cholera. Of these 7, 6 had been vaccinated with a
vaccine of swine origin. Of 27 pasture pigs challenged at the same time, only three developed temperatures of 105F or higher. These did not show any
other evidence of reaction and quickly returned to
normal. During the second challenge 145 days after
vaccination, the dry lot pigs again showed a higher
degree of reaction. Seven out of 28 dry lot pigs developed temperatures of 105F or higher; and six of
the seven died with typical sypmtoms and lesions of
hog cholera. Of the 6 that died, 5 had been vaccinated with a vaccine of swine origin. Only two pigs
in the pasture group had an elevated temperature,
and they both quickly returned to normal. Unvaccinated control pigs, used on both challenge series,
all developed typical symptoms and died of hog
cholera. These findings showed that pigs on an inadequate diet or low protein diet had less immunity
as a result of hog cholera vaccination, as compared
to pigs maintained on a good diet supplemented
with pasture. In an attempt to find out if immunity
deteriorated when the pigs were held for a longer

period, it was found there was no particular difference at 75 and 14 5 days following vaccination. Although the vaccine of rabbit origin seemed to produce a stronger immunity than the vaccine of swine
origin, the difference was not great enough to warrant any great significance.
In the second part of the project, 12 pigs that
had made an apparent clinical recovery after having
been infected artificially with Salmonella choleraesuis
were available for study. At approximately six
months of age, the 12 pigs were divided into 3 lots
of 4 pigs each. Pen # 1 was exposed orally with 0.3
mi. of a broth culture of S. choleraesuis. Pen # 2 received the same dosage orally plus an intramuscular
injection of 1 mi. virulent hog cholera virus. Pen
# 3 was inoculated with virulent hog cholera virus
only. Pen # 1 and Pen # 3 maintained normal temperatures and had no adverse reaction. In Pen # 2,
three pigs rapidly became prostrate and died on the
tenth, eleventh, and twelfth days respectively, following injection of virus. Ample proof that these
animals died of hog cholera was gained by injecting
filtered blood from one of the sick pigs into a
cholera susceptible pig. This pig died on the eleventh day with typical symptoms and lesions of hog
cholera. Apparently, exposure to S. choleraesuis,
even when receiving an inocuous dose, at the same
time as challenged with hog cholera virus, in some
way interferes with the protective immunity a pig
may have acquired previously. This finding is of
extreme importance and further work will be carried
on in an effort to establish the relationship of Sa~
monella choleraesuis in field outbreaks of cholera in
swine when they have previously been vaccinated
with commercial vaccines.

PROJECT 404:

Effect of Orinase in Adult Rats
H. E. Dale
Progress Report:
Adult rats were fed a basal ration of pulverized
commercial pellets. Orinase* was added to the basal
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ration at levels of 0.0 percent, 0.1 percent, 0.5 percent and 2.0 percent. Five rats of each sex were fed

each level of Orinase for a period of 30 days. Food
consumption was measured daily; each rat was
weighed on alternate days. Changes in body weight
are summarized in the following table.

Moles
Females

0.0%
19.8
18.0

TABLE I
0.1%
29.6
15.6

0.5%
16.0

-0.4

2 0%

2.8
-8.2

subclinical vitamin deficiency by inhibiting the
normal intestinal organisms.
Average daily food consumption for the different groups is shown in the following table. These
values are approximate since they include an estimate of food lost by spillage which, particular! y at
the higher levels of Orinase, was common.
0.0%

The difference between the 0.0 percent and the
0.1 percent males will be examined for possible
statistical significance.
The most noticeable effect, that of decreasing
gain with increasing level of Orinase, suggests two
possibilities: ( 1) that the taste of Orinase was objectionable to the rats and that its inclusion in the
ration resulted in decreased food consumption (erroneous estimates of the amount lost by spillage
would then account for the values in Table II), and
(2) that Orinase by virtue of its sulfonamide-like
structure has anti-microbial action and produced a

Males
Females

71.7
57.7

TABLE II
0.1%

75.3
58.7

0.5%

73.1
54,7

2.0%

79.9
63.3

The difference in food consumption between
the males and females is explained by differences in
adult size. The average weight of each group
throughout the entire experiment is shown in the
following table.

Males
Females

0.0%
318.2
201.9

TABLE Ill
0.1%
321.8
195.7

0.5%

307.7
198.5

2.0%

335.0
199.0

PROJECT 8:

Titer Studies in Brucellosis
Cecil Elder, A. H. Groth, D. E. Rodabaugh, Harold Wright

Objectives:
A. Attempt to develop a technique for differentiation between vaccinal and field infection
titers.
B. To study the possibilities of finding a specific antigen that would be suitable for differentiation purposes.

Progress Report.·
Attempts have been made to differentiate between agglutination titers of cattle that had been
vaccinated with Brucella abortus Strain 19 vaccine
and cattle that were naturally infected with brucellosis. Work was directed toward the chemical fractionation of Strain 19 and a field strain of Brucella
in an attempt to isolate an antigenic component
which would be specific for blood serum from either
vaccinated or naturally infected cattle. Organisms
from both strains were cultured, acetone killed,
dried and suspended in physiological saline solution,
Portions of the suspended organisms were then subjected to various chemical and physical treatments.
Some were heated, others were treated with various
concentrations of hydrochloric acid and sodium
hydroxide. Supernatant fluid and bacterial sediments

were combined with serums from both vaccinated
animals and field infected cows. These were observed for possible specificity, but the methods used
were not of any recognizable value in differentiating
between the two. In another attempt, antigens, prepared from both vaccine and infection strains of
Brucella with different pH values, were heat killed
and suspended in phenolized saline. When the suspension of organisms repetition was treated with
acetic acid and adjusted to a pH of 3.0, it was found
to increase the agglutinating ability of serum from
naturally infected cattle; but, apparently, it had little
or no appreciable effect on the serum from vaccinated cattle, except in a few instances where it reduced the titer for some of the vaccinated cattle.
This finding gave promise of a possible practical
method of differentiation. In order to test out this
assumption, a large number of serum samples from
both field infected cattle and vaccinated cattle were
obtained from the Missouri brucellosis testing laboratory. The results of these tests are being evaluated, and additional data will be collected from more
blood samples before final conclusions can be drawn.
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PROJECT 108:

Internal Parasites of Ruminants
G. C. Shelton, A. H. Groth, D. E. Rodabaugh

Objectives:

A. To continue the critical study of recently developed drugs for use as anthelmintics
against internal parasites of domestic ruminants.
B. Not included this year.
C. To gain more basic information concerning
bionomics, species specificity, and host parasite relationships.

It may be noted that each lamb lost an average
of 11 pounds over the first 13 days post infection.
Only a very slight loss was noted over the next 7
days. Supportive treatment was necessary for lambs
(2 and 3) in order to keep them alive for theremainder of the experiment.

Results of Experimentally Infecting Parasite Free
Lambs with Cultures of Gastrointestinal Parasites:

Results of Anthelmintic Tests
Bephenium Hydroxynaphthoa te
In experimentally infected lambs-The drug
was used at rate of 250 mg/ kg body weight. Four
lambs were tested; two were used as controls. Anthelmintic activity for Hemonchus contortus and
Ostertagia circumcincta was 100 percent. For Trichostrongylus colubriformis the percentage reduction
was about 90 percent in the treated lambs. There
was no anthelmintic effect against the 4th stage larvae of the nodular worm, Oesophagostomum columbianum.
In naturally infected lambs-Beptheniu m hydroxynaphthoate was used at the rate of 300 mg/ kg
bodyweight in liquid drench. Four lambs were
treated; three lambs were used as controls. The anthelmintic efficiency against the different species of
gastrointestinal parasites is listed as follows:

Six lambs, born in mid April, were removed
from the ewes when 3-4 days old and raised in small
portable pens on parasite free pasture. They were
bottle-fed with cow's milk until 7 weeks old. At
this time all six lambs were eating a special ground
feed formula and gaining at an average rate for
lambs of this age.
The experimental infections were started when
the lambs were 9 weeks old. Approximately 10,000
mixed parasitic larvae were given to each lamb
daily for 5 consecutive days. Representative samples
of the infective larvae were identified by morphological characteristics and approximations were
made as to the relative proportions of the different
species. They are as follows:
Hemonchus contortus
Ostertagia circumcincta
Trichostrongylus colubriformis

30%
10%

Hemonchus contortus
Nematodirus me.

20%
40%

Oesophagostomum coluinbianum

Lamb No.
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Wt. 7 days Post
Infection
Wt. 13 days Post
Infection
Wt. 20 days Post
Infection

94%

Trichostrongylus colubriformis
Trichuris ov.is

The lambs began to show symptoms of parasitice infection within 5-6 days after the first larvae
were administered. The primary sympto~ were
those of nodular disease with anorexida, depression,
persistent diarrhea being most noted.
The weights of the six lambs when larvae were
first administered and at later post infection dates
are given below.
Wt. (lbs.) 1st Day
of Infection

84%

79"/o
64%

Ruelene (4-tert-butyl-2-chlor ophenyl methyl methylphosphoramidate)
In naturally infected lambs-Ruelene was used .
at the rate of 150 mg/ kg body weight as a liquid
drench. Seven lambs were treated; five were slaughtered without tre~tment and used as controls. The

2

3

4

5

6

46

29

28

44

62

54

44 lbs.

40

25

24

37

57

49

39 lbs.

33

19

20

31

54

41

33lbs.

31

19

19

30

52Y2

41

32 lbs.

Mean Avg.

anthelmintic efficiency against the different species
of gastrointestinal parasites is listed below:
Hemonchus contortvs

96%

Nematodirus _me.

83%

Oesophagostomum columbiqnum

87"/o

Trichuris ovis

0

It will be noted that the efficiency rating against
Oesophagostomum columbianum is much too high.
One control animal was carrying an unusually large
number of these parasites. (Possibly this animal
should have been omitted from the calculations.)
TOX-1-TON (a commercial preparation with the
following formulation per ounce of drench. Copper
sulfate 2.4 grams, Sodium arsenite 0.24 gm., Picric
acid 0.03 gm., Cobalt sulfate .03 gm.)
The reason for critical testing of the drug stems
from its wide usage by sheep and goat raisers in
Missouri and surrounding states. Many inquiries
came to the Experiment Station concerning its use
and efficacy as an anthelmintic.
Three lambs were treated as directed by the
manufacturer ( cc. per 10 lb. bodyweight). Five
lambs, kept in the same pastures, were autopsied
and used as controls for the Tox-1-Ton tests as well
as the tests with Ruelene and Dithiazanine Iodide.
The anthelmintic efficiency of Tox-1- Ton is listed
below:
Hemonchus contortus

75%

Nematodirus~·

36%

Trichuris ovis

26%

Tox-1-Ton appears to be fairly effective against
H. contortus, the common sheep stomach worm, but
is of little value against Nematodirus spp. and Trichuris avis. Due to the fact that the main compound
in the formula is copper sulfate, the results of the

test above are about as should be expected. It has
long been recognized that copper sulfate is effective against H. contortus, but of little or no value
against other parasitic gastrointestinal nemarodes.
Dithiazanine Iodide
In naturally infected lambs-In 1958 Dithiazanine iodide was tested as an anthelmintic in lambs
and exhibited 90-100 percent efficiency against
Hemonchus, Trichuris and Oesophagostomum. In Trichostrongylus and Cooperia the efficiency varied from
50 to 70 percent. Cooper sulfate was used as a predose stimulant to close the esophageal groove in
order to send the dithiazanine drench directly into
the abomasum or true stomach. As some question
had been raised concerning the necessity of the use
of copper sulfate, it seemed worthwhile to test
dithiazanine directly without esophageal groove
stimulation.
'
The anthelmintic activity of dithiazine iodide
when given directly to two lambs is indicated below:
Hemonchus contortus

53%

Nematodirus ~.

83%

Trichuris ovis

100%

This very limited test supported some rather
superficial observations of the previous year, i.e.,
that a pre-dosing stimulation with copper sulfate is
necessary for effective anthelmintic action by dithiazanine iodide against H. contortus. This, of course,
presented the interesting possibility that the small
stimulating dose of CuS0 4 (about 5 cc of a 10 percent solution) actually contributed directly to the
vermicidal activity of the 1958 tests. It is entirely
possible that activity attributed to dithiazanine
iodide against H. contortus was really due to copper
sulfate. Additional tests would be necessary to prove
or disprove this possibility.

PROJECT 145:

Testing For

S. Pullorum and S. Typhimurium the Preparation
of Antigens and Salmonella Typing
H. C. McDougle,"A. H. Groth, E. L. McCune

Progress Report:
A. 45,085 samples were tested to detectS. pullorum carriers; of these, 27 were positive (0.06 percent).

Fifteen different Salmonella types were isolated.
B. The following Salmonella types were isolated:
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(1.)

S. pullorum (S)
S. pullorum (I)

24 cases

(9.)

1 case

(10.)

S. pullorum (V)

5 cases

S. pu llorum - not typed

2 cases

(2. ) One untyped Paratyphoid.
(3 .) S. anatum.

S. madelia

1 case

S. montev icleo

1 case

(11.)

S. muenchen

1 case

(12.)

S. san - diego

1 case

(13.)

S. tennessee

1 case

1 case

(14.) S. typhimurium
(15.) S. gallinarrium

9 cases

(4.) S. berta.
(5.) S. blockley

1 case

(16.)

1 case

(6.)

S. derby

4 cases

(7.)

S. enterididis

2 cases

C. 38,522 samples were tested for the presence
of S. typhimurium antibodies. 351 samples were posi·
tivc. (0.81 percent).

(8.) S. lexington

1 case

1 case

Paracolon, arizona

1 case

PROJECT 176:

Salmonellosis in Turkeys
H. C. McDougle, A. H. Groth, E. L. McCune

Progress Report:
A. Very high titres can be produced by intraperitoneal inoculation.
B. S. pullorum can be isolated early (2-3 weeks)
following i/ p inoculation.
C. Eggs laid within the first 40 days after laying starts may harbour some S. pullorum.
D. All birds inoculated i/p with S. pullorum
failed to yield the microorganism upon necropsy
and culture.
E. Terramycin, poultry formula appeared to
raise titres.
F. Adding antibiotics to antigen failed to accomplish the purpose except penicillin.
G. Egg laying and fertility of eggs is lessened

in inoculated (S. pullorum) turkeys.
H . Erysipelothrix bacterin has an increased effect on titres using S. pullorum antigen.
I. Antigens as Gwatkins proteus, Proteus sp.,
Streptococci sp. (303), S. typhimurium "0" and "h",
S. tennessee, S. montevideo, 2 S. pullorum (I) strains
6926 and 6911; and 1 standard strain 6930 (S) gave
either no results or they were too sensitive. S. chester (9437) antigen gave complete reactions in 5 birds
which had previously been inoculated with S. chester. A peculiarity is that S. pullorum (S) or (I) antigens were also completely agglutinated by serums of
the 5 birds inoculated with S. chester.

PROJECT 308:

lnfectiosis Synovitis Complex
E. L. McCune, H. C. McDougle

Objectives:
A. Isolation and growth of the causative agent
or agents.
C. To determine the sensitivity of A. to chemotherapeutic agents.
D. The extent of gross and microscopic damage caused by A. during the adolescent period in turkeys and chickens.

Objective A.
1. Isolation of infectious synovitis agents has

been found most reliable when freshly har156

vested tissues and tendon sheath exudates
from field cases are injected as suspensions
in proteose peptone No. 3 broth (Difco) into several susceptible chickens.
2. Maintenance of virulence of an isolate from
chickens has been accomplished through
eight passages at 7 to 10 day intervals into
several chickens. Liver tissue was harvested
from at least 2 birds and ground in proteose
peptone No. 3 broth. Tendon sheath exudates if any were added and mixed. The ma-

terial was then centrifuged and the supernatant used for the next passage. This method
has been found consistently effective.
3. Spread by direct contact was not observed
from an agent isolated from chickens. Trial
one consisted of 21 injected birds and 28
contact controls and was observed for 21
days after injection. Trial two consisted of
21 ·injected and 22 contact controls observed
for 24 days post injection . Neither group
showed symptoms of infectious synovitis
although the controls were held in direct

Trial I
Pen
No. Birds

contact during the entire observation period.
4. Cultures for bacteria on blood agar or tryptose agar, thioglycholate broth, and PPLO
broth and agar showed no consistent isolation of bacteria. Representative cultures of
the few organisms found have been injected
in large doses into chickens without producing signs of synovitis or other changes.
Objective C: Experimentally infected birds treated with commercial chlortetracycline at 500 gms per
ton after symptoms appeared showed the following
results:

10

ch lortetracycline 2

1

15

Contact controls

Average lesion score 1 at days
after injection
7
11
14
17
7
8.5
7.5
6

2
2

11

Infected controls

7

19

13

Contact controls

0

0

No. Birds

Treatment

10

Treatment

0
0

0
0

Trial II
Beginni~

End
Weight

Infected controls

1190.3

1815.3

ga1n
52.5%

Contact controls
Infected treated 6

1147.4

2

11
11

2095.4
1814

82.6%
49.3%

2

11

Contact controls

2120.1

76.8%

1

1. Score: 0 = No visible lesions, 0.5 = slight

2.
3.
4.

5.
6.

Ave~a~e

weigh

Pen

swelling of injected foot, 1 = severe swelling
of injected foot, 2 = severe swelling and illness, 3 = swelling of other . joints and 4 =
involvement of 2 or more joints and systemic lesions.
Eighth day to end of trial.
Bird negative on next reading.
Average gain =
Beginning average weight of group x 100
average gain of survivors
Four days before injection.
This group was treated with 500 grams per
ton chlortetracyline from the 16th to 24th
day.
Trial I indicates that lesions do not increase
during treatment. However, in Trial II lesion
scores were too low for reliability in Pen 2
and weight gains were not significantly different between treated and untreated birds.

1215.3
1199

trois which gained an average of 948 and
921 grams. The loss of weight gain was more
pronounced than the degree of lesions, since
many failed to gain approaching that of the
controls even though no gross lesions were
found in them at autopsy.
2. Mortality was observed in Trial II for the
first time in experimentally infected birds
from a synovitis agent that had been isolated
from birds in Missouri. In the infected untreated group, one bird died on the 12th and
two on the 20th day after artificial infection.
In the treated group, one bird died before
treatment was begun.
3. The gross lesions found in dead or nearly
dead birds consisted chief!. y of extreme emaciation and generalized purulent inflamation
of the joints and tendon sheaths. Microscopic
damage was not pronounced in the internal
organs.

Objective D:
1. Injected birds in Trial II gained an average

of 625 and 599 grams compared to their con157

PROJECT 326:

Swine Enteritis
Cecil Elder, Harold Wright, A. H. Groth

Objectives:
B. To study enteritis in swine due to Salmonella choleraesuis.
D . To determine the efficacy of nitrofurans in
treating swine enteritis due to Salmonella
choleraesuis.
E. To determine the value of nitrofurans as a
preventive agent in the control of swine enteritis due to Salmonella choleraesuis.

Progress Report:
The 40 pigs used in this experiment were approximately 11 weeks old and averaged 51 lbs. in
weight at the time of infection. All the pigs were
immunized against hog cholera at 6 weeks of age,
using a modified live hog cholera vaccine plus 15
ml. anti-hog cholera serum. Salmonella choleraesuis
infection was established by dosing the pigs with
0.45 ml. of S. choleraesuis culture. This culture was
mixed with a small amount of feed and fed individually to those requiring direct infection. Other pigs
were exposed by contact through confinement to
pens with those directly infected. Three types of
controls were maintained; namely, non-infected,
non-treated controls; direct infected, non-treated
controls; and contact infected, non-treated controls.
All pigs were maintained on the same basic ration.
The treated pens received furazolidone mixed with
the feed in various concentrations. One pen received
a suspension of furazolidone which contained 100
mg. of furazolidone per cc. This form was introduced directly into the animal's stomach by means
of a stomach tube.

Conclusions:
Although the infectious agent employed this
year was probably not as virulent as the cultures
used in previous experiments, 100 percent of the exposed pigs became infected with the organism, but
the mortality rate was very low.
When compared to the two control pens, numbers 1 and 2, the over all record does not show evidence of benefit from treatment with furazolidone.
In pen 5 an attempt was made to prove the prophylactic value of furazolidone when administered one
week pre-infection and continued 14 days post-infection or post-contact. Since all eight pigs in this
pen had elevation of temperature, and there was
some scouring, it was concluded the administration
of the drug did not prevent development of the
disease. The pigs infected by contact indicated the
drug did lessen the severity of the infection. In pen
4 infection occurred; but treatment at the relatively
high level very early in the course of the disease
prevented the infection from becoming firmly established. The pigs receiving medication directly introduced into the stomach did receive some benefit
from the drug.
It was concluded, death of the two pigs with
stomach ulcers was not directly associated with Salmonella choleraesuis infection. Whether or not this
condition existed prior to contact or direct exposure
remains speculative.

PROJECT 368:

Endocrine Modification of the Canine Estrous Cycle
H. E. Dale, A. H. Groth

Progress Report:
A total of 14 bitches have been observed during
the past six months. Some of these bitches have been
untreated to serve as controls; others have received
one of the various hormone injections. The length
of the periods of proestrum and estrum have been
evaluated in all bitches by a vaginal smear technique
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and by association with a vasectomized male dog.
The number of bitches observed to date is not
large enough to permit any generalization concerning the effects of the various treatments. Puration of
the combined periods of proestrum and estrum has
ranged from fifteen to thirty days.

PROJECT 375:

Epidemiologic Studies on Leptospirosis
D. C. Blenden, A. H. Groth
Progress Report:
A tungstic acid precipitated fraction of leptospirae was prepared and evaluated as a skin test antigen. This fraction, rich in protein (50-60 percent),
was prepared from Leptospira pomona S-91 and
tested in guinea pigs for its ability to detect hypersensitivity to the leptospira.
Three separate experiment s were carried out
each with a new series of guinea pigs. In the study,
control (normal, serological ly negative) animals
were compared with those guinea pigs inoculated
with and showing titers to L. pomona S-91 or L
icterohemor rhagiae AB". The skin test antigen was
injected intradermal ly in all animals and read at half
hour intervals.
In serologicall y positive animals there: appeared

at the site of injection edema and erythema after 3
hours; within 24 hours all leptospirae injected animals had developed lesions (21-30 rom.) with necrotic centers which ultimately ulcerated. Control animals failed to show any reaction. Dilution of the
antigen lessened the severity of the reaction, but
there always resulted a wheal in test animals and
lack of reaction in controls.
This antigen appears to be genus specific. It is
stable to heat and to cold. This skin test has been
positive; as early as 10 days after infection and has
remained positive for at least 4 months. However,
the minimal and maximal limitations of this antigen
are yet to be determined.

AGRICULTURAL INFORMATION
Richard L. Lee, Agricultura l Editor

Richard L. Lee, Carleton Bowyer, A. A. Jeffrey, Delmar E. Hatesohl,
Gail I. Bank, W. Jean Brand, Donald N. Collins, Paul H. Gwin,
Clyde H . Duncan

PROJECT 174:
Report of Progress:
Radio:
All Missouri radio stations received a daily twopage agricultura l news script. In addition, 46
stations received a daily tape service. Special
tapes on college-spo nsored events were made
for many other stations.
Publications :
Manuscript s prepared by Experimen t Station

personnel and approved for station publications
were edited and processed.
News Releases, Periodicals, Special Publication s:
W eeldy and daily newspapers , farm magazines,
and trade journals receivecl news stories pertaining to developmen ts 10 Experiment Station researCh. Such stories were made available through
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a weekly clipsheet, special releases, a weekly
wire service column, and tips to editors of interested publications. Also, periodicals, such as
the monthly Announcer, and special publications were edited and published.

Television:
Primary effort in television was a daily 15-minute show on University-owned KOMU- TV.
Other features included a weekly 15-minute
home economics show and a weekly 15-minute
kinescoped show to four Missouri stations.

OUTSTATE EXPERIMENTAL FARMS
Homer L'Hote, Supervisor, Experiment Station

PROJ(:CT 273:

Thompson Farm Improvement
Charles Cromwell, Howard Brown
Progress Report:

A. Cropping of land areas. In 1959 the following crops were planted; 65 acres oats, 27 acres wheat,
15 0 acres soy beans, 300 acres corn, 50 acres grain
sorghum, 35 acres of new seeding of alfalfa, 8 plots
of 12 acres each seeded to legume and pasture grass
mixtures, 60 acres of other permanent pastures seeded.
Because of the wet spring row crop plantings
were late and as a result yields have been very poor.
The oats crop was practically a failure because of
weather and disease damage.
B. Lake construction. Nothing further was done
on lake construction during the year.

C. Land grading, terracing, drainage. One large
ditch was plowed in and seeded but because of the
heavy rainfall the seeding failed. A small diversion
levee was constructed to turn the water from one of
the large draws into the grass waterway.
D. Development of recently acquired 360 acres
of land. The site for the buildings for the animal
feeding ;trea was leveled. About 40 acres of buck
brush was cut and thorn trees removed.
E. Seeding of pastures. 8 different 12 acre experimental pastures were seeded.
F. Developing a research program through the
Thompson Farm Committee. Nothing further was
done toward developing the research program.

PROJ(:CT 297:

Improvement of Land and Buildings at Weldon Springs
Charles Cromwell, Gerald Wright, Herman Mudd
Objectives:

A. Production of feed and pasture for the Pu!ebred herd and the Grade herd used on Animal Husbandry Research Projects No. 198Cattle Improvement and No. 396-Feeder
Calves.
B. Caring for the herd and furnishing the facilities for handling the cattle.
C. Providing facilities and assisting with research work, fi~e control, etc. on Forestry
projects.
D. Assisting with the research work on the
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Soils research projects.
On January 1, 1960 the herd at Weldon Springs
consisted of the following:
Purebreds

144
33
45
59
15
13

mature cows
bred heifers
yearling heifers
heifer calves
herd bulls
bull calves

45 steer calves

Grades
21~

mature cows
64 bred heifers
4 yearling heifers
47 heifer calves
98 steer calves
32 yearling steers
1 angus bull
The above listing does not include any of this
year's calf crop which is not yet complete.
Soil treatments made in 1959-1 7 tons of anhydrous ammonia applied on 270 acres of corn and
sorgo; 25 tons on 520 acres of permanent pasture;
3 tons on 60 acres of new pasture; 4 tons on 80 acres
of wheat; 3 tons on 60 acres of barley.
15 tons of ammonia nitrate was applied on 150
acres of permanent pasture.
14 tons of 12-12-12 fertilizer with Aldrin was
applied on 270 acres of corn.
4 tons of 8-24-8 fertilizer was applied on 75
acres of sorgo; 5 tons on 60 acres of new pasture
and 3 tons on 60 acres of barley.
300 tons of limestone was spread on 75 acres
of pasture.
50 tons of rock phosphate was applied on 75
acres of pasture.
5 tons of potash was applied on 60 acres of
pasture.
16 tons of super phosphate was applied on 60
acres of pasture.
Crops produced in 1959-270 acres of corn for
silage and also fed green, 900 tons. 75 acres sorgo
for silage, 60 tons. 30 acres of first cutting alfalfa

for silage, 150 tons. 80 acres of pasture clippings for
silage, 160 tons. 30 acres small grain for silage, 100
tons. 30 acres of alfalfa cut 3 times for hay, 75 tons.
40 acres of other hay, 40 tons.
180 acres of wheat, 15 bushels for grain and 120
tons silage: 25 acres of barley, 100 bushels plus pasture. 120 acres of rye, 700 bushels plus pasture. 60
acres seeded to improve permanent pasture, 220
acres of pasture renovated (re-seeded and fertilized
with pasture renovator) . 200 acres pasture seeded
with lespedeza.
The following were used in various pasture
seedings:
400 pounds lespedeza
200 pounds blue grass
1000 pounds brome grass
3000 pounds orchard grass and fescue
350 pounds timothy
In the fall of 1959, 100 acres of wheat were
seeded for pasture and 75 acres of barley were seeded for pasture.
Improvements made during the year-15 acres
cleared and given basic soil treatment; 60 acres given
basic soil treatment; 30 acres cleared in river bottom; 2500 trees set for windbreak; 6 miles of fence
rows and road sides sprayed; 270 acres corn sprayed
with pre-emergence chemicals; 140 acres of corn
sprayed with post-emergence chemicals; 175 loads
of rock hauled for creek crossing and channel; 60
loads of gravel hauled for roads and feed lots. Constructed one mile of new fence. 2000 feet of catwalk
removed in bottom. 63 feet of chain link fence salvaged. About 80 percent of the dirt moving to
change the channel of Femme Osage Creek and to
construct levee has been completed.

PROJECT 298:

Improvement and Operation of Experiment Station Farms
Charles Cromwell, Grover Perkins

Objectives:
A. Construction of a diversion channel on the
Turkey Farm. A short extension was made
on the diversion channel on the Turkey Farm
to attempt to prevent erosion at the end of
the channel. A road was also graded and
fills made on this road at the Turkey Farm.
An old pond was also pushed in and leveled.
B. A levee was constructed around a 31 acre
tract on the Rollins Farm for the Department of Field Crops. This tract was land
leveled to grade. A diversion channel and

C.

D.
E.
F.

drainage channel were cut to carry excess
water. A crossing was also constructed across
the creek.
The building site for the new Agricultural
Engineering Farm was leveled.
A large lake was constructed on the new
Agricultural Engineering Farm.
Brush was cleared along the west and north
sides of the farm at McCredie.
Other work and services for various departments. Assistance was given a number of
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departments in the repair of equipment.
Considerable earth-moving work was done
for the buildings and grounds department.
A dam was repaired and road constructed
for the Department of Entomology on the
Rollins Farm. A road fill and diversion

channel was constructed for the Animal
Husbandry Department on the Rollins Farm.
A large percentage of time and personnel
on this project was spent at work on the
various research centers outst~te.

PROJECT 307:

Operation of Southeast Missouri Research Center
Norman Brown, Charles Cromwell, Gene Hill, Fred Harmon
Progress Report:
This project provides services to all of the research projects conducted by the various departments in Southeast Missouri. This consists of furnishing the major equipment and facilities. It includes the preparing of seed bed, planting, general
insect and weed control, defoliation, cultivation,
harvesting, irrigation and drainage.
Crop yields were unusually good this year. The

sales amounted to approximately $17,500.00. There
have been no major additions to the equipment for
use at this research center.
The leases on the field at Malden and on the
field at Bell City were terminated as of December
31, 1959 and most of the research projects will be
moved to the new research center site at Portageville.

PROJECT 361:

Southeast Missouri Research Center
George Smith, E. L. Pinnell, A. J. Dyer, R. A. Schroeder,
Charles Cromwell, Norman Brown, James Roth, Keith Harrendorf,
William Sappenfield, C. E. Lively, E. R. Kiehl, H. J. L'Hote
The main purpose of this project was to locate
a permanent site for the Southeast Missouri Research Center.
While many contacts were made in attempting
to locate a site to purchase, none were found to be
available that would meet requirements and which
could be purchased for the funds available.
A tract of 666 acres located about 6 miles east
of Portageville was given to the University of Missouri by Mrs. Margaret Marsh and Mrs. Matilda
Cavanaugh. This tract was accepted as the perma-

nent site for the Southeast Missouri Research Center.
During the year a detailed soil map has been
prepared on part of the area. In addition a topographic map has been prepared on part of the area.
An engineer was hired to conduct a study of seepage
problems and this work is now in progress.
A new committee was appointed by Dean Longwell to -develop plans for buildings and for the research program. Outlines have been prepared on the
work to be undertaken during the coming fiscal
year.

PROJECT 364:

Southwest Missouri Research Center

Progress Report:

E. L. Pinnell, H . J. L'Hote, George Smith, E. M. Funk, A. J. Dyer,
R. A. Schroeder, Carl Hayward, M. M. Jones, Charles Cromwell,
C. P. Merilan

The primary objective of this project was to
locate a site for the Southwest Missouri Research
Cent;er and to develop a plan for the facilities and
for the research program.
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During the year a detailed soil map was completed. In addition a map was prepared on the south
240 acres which indicated the soil response through
a uniform seeding of oats.

15 experimental pastures have been laid out,
and fencing of these individual 2 acre plots has
been started.

In addition considerable clean-up work and removal of old buildings has been done during the
year.

PROJECT 405:

Trespass and Security Problems on Lands and
Buildings of the Division of Agricultural Sciences
George V. Gouker, Jr.
The primary objective of this project is to maintain a close check on property and to take care of
trespass problems as they arise.
The officer on this project attempts to visit
every farm, every tract of land and every agriculture
building at least once a month. Any matter which
needs attention is directed to the person or depart-

ment responsible for the building or tract of land.
There has been a large number of cases of trespass.
The worst situation has ·been on the Weldon Springs
area. Metal signs have been made and will be erected
on the boundaries of the property at Weldon
Springs. Approximately 40 signs have been and will
be erected.

PROJECT 407:

To Operate Bradford Farm
H. J. L'Hote, E. R. Powell

Progress Report:
Cleaning out of fence rows, constructing fences,
construction of roads, filling old ponds, and con-

struction of a lake insofar as time and funds available
wlll permit.

FERTILIZER CONT ROL
W. L. Baker, Supervisor

PROJECT 186:

The Administration of the Missouri Fertilizer Law
W. L. Baker, Robert Wehrmann, William Bernhardt, Clarence Roberts,
Waldo Steen, Abner Beck, Doris Stone

Objectives:
A. Operation of an inspection program that
will provide the maximum protection and
guidance to the fertilizer consumers of the
state.
B. Preparation and publication of the results of
the inspection and analysis programs.
C. Maintenance of records listing every lot of
fertilizer reported shipped for use in the
state and tabulation of this data for publica-

tion.
D. Collection of a fee of 30¢ for each ton of
fertilizer sold in the state.
E. Inspection of the records of companies holding permit to sell fertilizers in the state to
determine -if the provisions of the fertilizer
law are being complied with to the full extent of the law.
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Progress Report:

During the calendar year 1959 one part-time and
three full-time inspectors made approximately
2800 calls on farmers, dealers, and manufacturers
for the purpose of inspecting fertilizer on hand and
securing samples to be analyzed. Samples were obtained from 2908 lots of bagged fertilizer and from
733 lots of bulk fertilizer. Inspection visits were
made and samples were secured in every county in
the state.
Inspection was intensified in every area in 1959.
Approximately 45 percent more samples of bagged
fertilizers were obtained and over 80 percent more
lots of bulk fertilizers were sampled than during
1958. This intensification of inspection was accomplished while the work load was being further increased by enforcement of the new penalty provisions of the fertilizer law and by adoption of bagged
fertilizer sampling procedures requiring the sampling of more bags on some lots.
Bulk fertilizers met guarantee better in 1959
than in recent previous years. This has come about
primarily because more blenders are using materials ·
of similar particule size, as repeated! y recommended
in the various publications and reports issued under ·
this project.
Fertilizer tonnage fees collected during 1959
amounted to $280,460.19.
During the period of this report thorough

audits of the records of 23 registered distributors
were made to determine the tonnage of fertilizer
sold for use in Missouri during a complete sixmonth period. In addition a spot check was made of
the records of 15 distributors to correct discrepanices
and determine the extent of compliance with the
Fertilizer Law.
In conjunction with and/ or as a result of these
audits tonnage fees in the amount of $2,349.98 were
collected and overpayments in the amount of $699.30
were discovered and refunded.
Inventories were taken and the records inspected of 23 firms who changed status from distributor
to blender. Numerous firms applying for permit
either as a distributor or blender were instructed as
to the obligations pertaining to these permits. Also
an effort ·was made to get firms to state the guaranteed analysis on the invoice to purchaser and on the
copy forwarded to the Director.
The Missouri Fertilizer Law was amended during 1959 to provide penalties for plant food deficiencies effective August 29, 1959. To January 31,
1960 penalties were assessed in the amount of
$4704.23. Penalties paid to the Director totaled
$2650.24, and to the purchaser $543.63. These new
penalty sections should be quite helpful in assuring
that the fertilizer product offered for sale will meet
guarantee.

GENERP\L STATION SERVICES
PROJECT 302:

Statistical Service
Cecil Gregory, Gladys Slinger, Virginia Constant
Progress Report:

During the year February 1, 1959 to January ·31,
1960, the Burroughs E102 Computer was operated
a total 3,9i0 hours. This is about one and one-half
times the 40-hour week for which the machine was
rented under terms of the contract. The Burroughs
Corporation was aware of this use above the contract amount, and suggested we use .it the extra
amount if we needed .to do so. The extra time was
built up by use of night shifts that we operated
most of the year.
A detailed listing of time on the machine according to projects is attached. Abc;m t 80 percent of
the work this year was for agriculture programs.
The hourly cost of work on the machine this
year was about $7.00 as compared with $8.00 last
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year. Total s;;tlaries ·were slightly above last year's
operations, and the same was true of the rental
charge, due to the addition of the punch-card imput.
The hourly rate was reduced, however, by the fact
·' that a considerably larger number of hours were put
in this year.
.
.
Expenditures during the year were as follows:
Machine .rental
$11,694.69
Salaries
10,204.41
Telephone
120.00
Supplies
219.60
Total
$22,238.70
At the end of the year there was no back-log of
work awaiting to ~e run on the computer.

PROJECT 333:

Promotion of Research
Ralph Rogers
Progress Report:

This project is just getting started in cooperation with the Advisory Council, University of Missouri, Division of Agricultural Sciences.

PROJECT 76:

Spectrographic Service
E. E. Pickett, Don Chab, Robert Park

Objectives:

A. The Spectrographic Laboratory performs
analyses by spectrographic and other means
as a service to projects of the Agricultural
Experiment Station, to other departments of
the University, and to a small extent to
agencies and individuals outside the University.
B. Analytical methods are developed as are required to perform the tasks submitted to the
laboratory.

3.

Horticulture
a.
b.

c.

.4.

188

551

112

448

212
512

428
1427

3
18
18
39

4
18
36
58

Poultry Husbandry
a.

Report of Progress:

A. No major · programs of development of
methods were handled during the year but several
minor ones were initiated, among which were determination of selenium at very low levels in plants,
dosed-system dry ashing of plants, and trials of a
new colorimetric method for copper.
B. Analytical services rendered:

Root extracts for C<l, Mg, by
direct reader, K by flame.
(Lambeth)
Spinach, okra, tomato,
broccoli, for Ca and Mg by
spark-in-flame, Fe and Mn
colorimetrically (Johnston )
Apple, peach, grape, etc.,
leaf, bud, etc., for Co, Mg,
K, (P, Na) (Hibbard)

Feeds for Zn
Chick bones for Zn
Eggs for Zn (Savage)

5. Veterinary Pathology
a. Blood and I iver samples for
Pb, As, other toxic heavy
b.

metals (staff)
Blood for Co, M;;J.

Totals, Expt. Station

9

....1.

12

...±

11

_.12.

869 .

2196

11. Other Departments of the University
I. Agric. Experiment Station Projects

1.

Agricultural Chemistry
a.
b.
c.
d.
e.

Zn nutrition of chickens
Zn polarographically (O'Dell)
Cu nutrition . Cu
colorimetrically (O' Dell )
Ca - M;;J.- P - K studies . Ca
and M;;J by d irecheader, Nq
qnd K by flame (O'Dell )
Rumen extact preparqtion
infrared .spectrum (Muhrer)
Corn stover for Cu and Zn
(PiCkett)

1.

Samples

Chemistry

a.
75

150

17

34

136

239

b.
2.

...iQ.

3

5

b.

514

17
1

T8

17
1

T8

Geology
a.

..lQ.
259

Synthetic orgoni c compounds
for ultraviolet absorption
spectra (staff)
Some, for infrared spectra (staff)

Melted glacier water, for Co,
M;;J, Na, K, Si, and AI, all at
very low concentrations (Keller)
Artificially weathered rock
solutions for same elements

5

30

26

3f

156
186

9
3
1
4
1

9
3
2
4
2

. 2. Animal Husbandry
a.
b.

Swine rations for Zn (flfander)
Sheep feed for 11 major qnd
trace elements. ·
Sheep feed for Cu, Ca, Mo, and
S (Pfander)
c. Sheep blood for Ca and Mg
(Thompsan)
.
d. Sheep feed, kidney, etc., for .
severql elements (staff)
e.' Fescue for Se (Preston) ·

6

66

16

64

9

18

10
4
48

20

J

3.

Medical Pathology
a . . Blood serum for iron
b. Blood serum for lead
·c. Blood .serum for arsenic
d. Urine for lead
e. Urine for arsenic
f. Urine for silver

_l

19

Totals, Other Departments

68

....l.

..11.
225

181

165

Ill.

4.

Outside University

Urine and sal iva of race
horses, for ultraviolet
screening

Midwest Research Institute
Oyster shells and products,
for several elements

4

29

2.

M.F.A. Two feeds for arsenic

2

4

3.

State Highway Department
Weed killers for potency

6

12

1.

Mo. State Fair

65

65

Private individuals
Wide variety of samples from ten
individuals for various trace and
major elements, mostly texicological in intent.
Totals, Outside University

5.

Overall Totals

PROJ ~CT 132:

Analytical Servi~.e~
C. W. Gehrke, L. D. Haigh, F. J. Johnson, W. M. Lamkin, G. H. Kramer,
W. G. Godbey, J.· MacMillan, B. M. Beal, D. F. Goerlitz

Objectives:
A. To conduct analytical research wor-k on the
various research projects submitted by the
several divisions of the College of Agriculture and related agencies.
B. To conduct research on the development of
new and improved quantitative chemical
and instrumental methods.
C. To conduct routine analytical control work
for the University, Agricultural Stabilization
and Conservation Commission, and the citizens -of the state.
D. To conduct a basic research program in agricultural chemistry with emphasis primarily
in Dairy Chemistry; ion-exchange reactions;
column, paper, and gas chromatography as
applied to biochemical research; and various
physical-chemical studies on the molecular
structural properties of proteins and enzymes. This research is conducted in cooperation with the various departments of the
College of Agriculture and other agencies.
Objectives A, B, and C-During 1959, 4,150 samples of plant and animal materials were submitted
by nine departments in the Coll-ege of Agriculture
to the Experiment Station Chemical Laboratories
for chemical analysis. On these samples, 19,125 determinations were made. Thirty-nine different types
of chemical determinations were made throughout
the year.
The Fertilizer Control and Inspection Office
submitted 3,596 samples of fertilizer on which
19,402 analyses were made for nitrogen, total and
insoluble P 2 0 5 , and potassium. These samples were
secured throughout the state from distributors,
dealers, manufacturers, and from bulk shipment.
The results of these were reported to the Control
Office for official action in carrying out The Mis' 166

souri -Fertilizer Law.
The Agricultural Stabilization and Conservation Administration submitted to the laboratories
1,462 limestone samples. These were analyzed for
calcium carbonate, magnesium carbonate, calcium
carbonate equivalent, and sieve determination. The
total number of analyses made was 7,576. This work
was done on a contract basis with the A.S.C. and
it enabled them to ascertain the correct subsidy to be
paid to the farmers complying with their rules and
regulations.
The citizens of the state submitted 150 samples
of various kinds, on which 819 analyses were made.
Other departments of the University, outside the
College of Agriculture, submitted 93 samples (185
determinations).
During the year the staff of the Experiment Station Chemical Laboratories completed several collaborative programs with the Association of Official Agricultural Chemists. This work was done to
develop new, and perfect other, analytical procedures. The photometric method developed by Gehrke
and Johnson (1958) for "Direct Available P 2 0 5 in
Fertilizers" is now being considered by the A.O.A.C.
for official action as a referee method. This method
will significantly aid control, university, and state
chemical laboratories. The flame spectrophotometric
method for K 2 0 in fertilizers developed in the Missouri laboratories was adopted as an official
A.O.A.C. method in October, 1959.
A grand total of 10,042 samples were analyzed
during 1959 on which a total of 50,613 independent
analyses were made. _
Objective lJ-Research work contl.:. :.1ed during
_the year on the development and improvement of
other fertilizer methods. Studies were made on improvements in the Reduced Iron Method and nitro-

gen in liquid fertilizers. Other investigations under
consideration are: ( 1) The determination of K 2 0
directly from the neutral ammonium citrate extract
in the P 2 0 5 determination; (2) The development of
a titrametric method using EDT A for the simultaneous determination of P0 4 and S0 4 ; and (3) A study
on the ternary acid digestion for preparing fertilizer solutions prior to analysis for total P 2 0 5 •
Basic research and method development in the
field of gas chromatography were pursued extensively throughout the year. Quantitative determination of the steam volatile fatty acids by gas chromatographic techniques was developed in support

of a project under investigation in the Department
of Animal Husbandry. This manuscript will be published in the Journal of Agricultural and :Food
Chemistry. A second method has been deve1oped
for the determination by gas chromatographic techniques of the higher fatty acids from C 2 to C 20 's.
This is a quantitative procedure and the manuscript
was presented to the Dairy Chemistry Section at
the American Dairy Science Association Meetings,
Logan, Utah, June, 1960. Investigations are under
way on the development of quantitative gas chromatographic methods for amino acids, polycarboxylic and hydroxy acids, and pesticide residues.

PUBLICATIONS
Title

Authors

Dote-Year

PP.

No. of
Copies

699.

Family Health Practices
Among Open-Country
People in a South
Missouri County.

Edward W. Hassinger
Robert L. McNamara

Aug.-1960

28

1500

700.

Growth in Well-Stocked
Natural Oak Stands in
Missouri.

Andrew J. Nosh

Oct.-1959

20

1550

701.

Environmental Physiology and Shelter
Engineering. L. Vaporizotion Rates and Heat
Tolerance in Growing
Shorthorn, Brohman and
Santa Gertrudis Calves
Raised at Constant fi0°
and 80° F Temperatures.

H. H. Kibler
R. G. Yeck

July-1959

44

1730

702.

A Study of the Toxic
Principle in Red Clover.

B. L. O'Dell
W. 0. Regan
R. J. Beach

July-1959

12

1550

703 .

Lindane Residue in the
Fermentation and Processing of Pickles,
Port Ill-Pickle Flavor
Changes Due to Lindane
Residue.

Melvin R. Johnston

July-1959

36

1500

704.

Environmental Physiology and Shelter
Engineering. Ll. Effect
of Constant Environmental Te"J'eratures of 500
and 80 F on Ovarian
Activity of Brahman,
Santa Gertrudis, and
Shorthorn Co lves With a
Note on Physical Activity.

Homer E. Dole,
A. C. Ragsdale,
and C. S. Cheng

July-1959

24

2025
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Title

Authors

Date-Year

PP.

No. of
Copies

7aS.

Environmental Physiology and Shelter
Engineering. Lll.
Effects on Constant
Environmental Teml'eratures of sao and sao F
on the Growth Responses
of Holstein, Brown
Swiss, and Jersey Calves.

H. D. Johnson
A. C. Ragsdale

Aug.-19S9

32

1S4a

7a6.

Date-of-Planting Studies
With Corn.

C. 0. Grogan,
M. S. Zuber,
Norman Brown,
D. C. Peters,
and H. E. Brown

July-19S9

68

2a4a

7a7.

Producer Attitudes Toward Adjustment of Milk
Production in the Kansas
City Milkshed.

Raymond W. Hooker
Stephen F. Whitted

Aug .-19S9

6a

1Ssa

7a8.

Trends in Contributions
to Missouri and U. S.
Cosh Forn Income 192419S7.

Gordon B. Nance

Aug. -19S9

48

1S32

7a9.

Environmental Physiology and Shelter
Engineering. Llll.
Temperature Effects on

H. D. Johnson and
A. C. Ragsdale

Jan.-1960

32

2aaa

71a.

Environmental Physiology
and Shelter Engineering
LIV. The Effect of Long
Exposure of Environmental
Temperatures of sao and
800 ~on Gluthathione,
BEll 1, and Growth Rate
of Dairy Calves.

Toymour H. Kamal
H. D. Johnson
A. C. Ragsdale

Aug.-19S9

2a

2a4a

711.

A Large Merchandising
Experiment With Selected
Pork Cuts.

H. D. Naumann
Edwin A. Joenke
V. James Rhodes
Elmer R. Kiehl
D. E. Brady

Aug.-19S9

28

1Saa

712.

Milk Production and Reloted Performance Factors
in Sows.
Consumer Acceptance of
Round Steaks Tenderized
by Cubing and Papain.

A. D. Allen
John F. Lasley
Leland F. Tribble
Helen McHugh
H. Donald Naumann
V. ·James Rhodes

Sept. -1959

28

1SSa

Sept. -19S9

20

1SSa

714.

Equity Financing in
Agriculture.

Don 0. Elefson
Frank Miller

Oct.-19S9

40

150a

715.

The Tractive Force
Theory Applied to
Stability of Open
Channels in Cohesive
Soils.

E. T. Smerdon
R. P. Beasley

Oct.-19S9

12

157S

716.

The Uptake of Ca and K
by Young Soybean Plants.
Not off press

W. T. Higdon
C. E. Marshall

Dec.-19S9

2~

1Saa

A Comparison of Singleand Multiple-Stimulus
Techniques of Determining Visual Preference
for Eggs.

Lloyd D • Bender
Leonard A. Voss

Dec.-1959

12

15SO

713.

717.
718.
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Title

Authors

Date-Year

PP.

No. of
Copies

719.

Impact of New Milk
Collection System on
St. Louis Dairy Farmers.

Richard F. Fallert
Stephen F. Whitted

Dec.-1959

56

1500

720.

Extent of Illness and Use
of Health Services in a
Northwest Missouri County.

Robert L. Me Namara
Edward W. Hassinger

Jan.-1960

36

1500

721.

Charges for Heolth Services
in a Northwest Missouri
County.

Edward W. Hassinger
Robert L. McNamara

Jan.-1960

32

1550

722.

Country Livestock
Dealers and Local Markets
in Missouri.

Durward Brewer

Jan.-1960

28

1500

723.

Effect of Season of
Hatch on Productive Per
formance and Economic
Returns from Egg Strain
Hens.

Q. B. Kinder
E. M. Funk

Jan.-1960

24

1500

724.

Mineral Comoosition of
Missouri Feeds and
Forages.

E. E. Pickett

Feb.-1960

16

1500

725.

Serum Proteins as an
lndi cation of Species
Specificity in Larval
Curculio.

Jerome Brezner

Feb.-1960

28

1500

726.

Biology 1 Ecology 1 and
Taxonomy of Insects Infesting Acorns.

Jerome Brezner

Feb.-1960

40

1500

727.

Thyroxine Secretion Rate
of Cattle Util iz~~ Radioactive Iodine (I
) as a
Tracer.

B. N. Premachandra
G. W. Pipes
C. W. Turner

Feb.-1960

64

1500

728.

Historical Development
of Beef Quality and
Grading Standards.

Elmer R. Kiehl
V. James Rhodes

Feb.-1960

60

1700

729.

Blood Sugar Level in
Normal and Dwarf Beef
Cattle Before and After
Insulin Injections.

C. W. Foley
J. E. Comfort
J. F. Lasley

Mar.-1960

32

1500

730.

Opportunities for Reducing Farm Machinery
Costs in the Ozarks
of Eastern Mo.

Mar.-1960

20

731.

Breed Differences in
the Number and Kinds of
Leucocytes in Blood of
Swine.

Mike Milicevic
A. D. Addleman
D. T. Mayer
J. F. Lasley

Mar.-1960

12

1500

732.

Effect of Holding
Temperature on Hatchability of Chicken Eggs.

E. M. Funk
James Forward

Mar.-1960

12

1500

733.

Thinning of Eastern
Cottonwood in Missouri.

David J. Neebe
Peter W. Fletcher

April-1960

20

1600

Victor N. Lambeth

Sept.-1960

4

1500

G. H. Wagner
G. E. Smith

May-1960

28

1500

734.

The Tomboy Tomato

735.

Not off press

736.

Not off press

737.

Not off press

738.

Recovery of Ferti Iizer
Nitrogen From Soils.

739.

Not off press
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Title

Authors

Date-Year

PP.

No. of
Copies

738.

Poisonous Spiders.

Curtis W. Wingo

Mor.-1960

12

3500

739.

How to Seed New
Pastures.

E. Marion Brown

Nov.-1959

16

3500

740.

Missouri Potato
Grower's Guide

Victor N. Lambeth

Nov.-1959

16

3500

741.

Strawberry Varieties
for Mo.

D. D. Hemphill
R. B. Nevins

Nov.-1959

8

3500

742.

Mo. Commercial FertiIizer Inspection.

Oct.-1959

28

6500

743.

Management Plans for
Finishing Yearling
Steers.

Albert J. Dyer
James E. Comfort

June-1960

24

3500

744.

Mo. Hybrid Corn Yield
Trials 1959.

V. Singleton
S. Zuber

Jan.-1960

28

5000

745.

Sorghum Performance
Trials in Missouri.

0.
M.
A.
0.
M.

C. McBride
V. Singleton
S. Zuber

Feb.-1960

16

3900

746.

Southeast Missouri
Agricultural Research
1959.

Feb.-1960

44

3000

747.

Station Annual 1958-59
Report (59).

Apr.-1960

146

3000

748,

Missouri Mi x For
Home Baking.

749.

Not off press

750.

Not off press
22nd Annual Spring Live
Feeders Day Apr. 8-60

751.
752.

The University Goes to
India.

753.

Precipitation ProbabiIities In The North
Central States (NCR
Pub. No. 115).

754.

Not off press

755.

Ag, Scientists Make
News.
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Georgia Amick
Cleta Rogers

Apr.-1960

J. E. Comfort
A. J. Dyer

Apr.-1960

36

3400

Joe C. Caldwell

June-1960

12

3400

June-1960

72

6040

Sept.-1960

16

4500

Clyde H. Duncan

3500

Contributions to Scientific Journals
2021 Factors Affecting Poultry Flavor 2. The effect
of a mechanical quick-chill cooling unit, by
0. J. Kahlenberg, E. M. Funk, L. A. Voss,
Leta Maharg, and Nancy L. Webb, Departments of Poultry Husbandry, Agricultural Economics, Home Economics, University of Missouri. Submitted July 1, 1959, for publication
in Poultry Science.
2022 Factors Affecting Decay of Prepackaged Spinach, by R. F. Becker, R. N . Goodman, and
H. S. Goldberg, Departments of Horticulture
and Microbiology, University of Missouri.
Submitted July, 1959, for publication in Food
Technology.
2023 A Mode of Action for Thyroid Inhibition by
Reserpine, by Richard C. Moon and Charles
W. Turner, Department of Dairy Husbandry.
Submitted July, 1959, for publication in the
Proceedings of the Society for Experimental
Biology and Medicine.
2024 Pituitary Lactogenic Hormone Concentration
During Pregnancy in the Rat, by Clark E.
Grosvenor and Charles W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted July, 1959, for publication in
Endocrinology.
2025 Combined Effects of Buffer Flow and Electrophoretic Migration on Ins~ct Serum Protein
Patterns, by Richard A. Hart and Wilbur R.
Enns, Department of Entomology, University
of Missouri. Submitted July, 1959, for publication in Physiological Zoology.
2026 Magnesium Requirement of Guinea Pigs and
Rats. Effect of Calcium and Phosphorus and
Symptoms of Magnesium Deficiency, by B. L.
O'Dell, E. R. Morris and W. 0. Regan, Department of Agricultural Chemistry, University of Missouri. Submitted July, 1959, for
publication in the Journal of Nutrition.
2027 Effect of Relaxin on Mammary Gland Growth
in the Female Rat, by Hiroshi W ada and
Charles W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted
July, 1959, for publication in the Proceedings
of the Society for Experimental Biology and
Medicine.
2028°-Effect .o (Growth on Surface Temperatures of
at -5o."F and 80°F environmental
Temperatures, by R. E. Stewart, M.D. Shanklin, and R. G. Yeck, Department of Agricultural Engineering, University of Missouri.
00

-:f)ai:ry-Caives

Submitted July, 1959. This paper was presented at the Annual American Society of Agricultural Engineers Meeting, Farm Structures
Division, Ithaca, New York in June 1959.
2029 Commodity Problems: Hogs, Alternative Consideration, By Elmer R. Kiehl, Department of
Agricultural Economics, University of Missouri. Submitted July, 1959. This paper was
presented at the Feed-Livestock Workshop o
the Center for Agricultural Adjustment, low
State College, Ames, Iowa, February 16- H
1959.
2030 Distribution of the Major Nitrogenous Com
pounds and Amino Acids in Chicken Urine, b}
B. L. O'Dell, W. D. Woods, Osm. A. Laerdal,
Ana Muniz Jeffay, and J. E. Savage, Departments of Agricultural Chemistry and Poultry
Husbandry, University of Missouri. Submitted
July, 1959, for publication in Poultry Science.
2031 Potassium-Induced Baron Deficiencies of Soybeans, by C. M. Woodruff, J. L. Mcintosh, J.
D. Mikulcik, and H . Sinha, Department of
Soils, University of Missouri. Submitted July,
1959, for publication in the Better Crops with
Plant Food Magazine.
2032 Comparison of Sensitivity of Cooking Methods
by Use of a Controlled Variable, by Nancy L.
Webb, Margaret Mangel, Leta Maharg, 0. J.
Kalenberg, and Leonard Voss, Departments
of Home Economics, Poultry Husbandry, and
Agricultural Economics, University of Missouri. Submitted July, 1959, for publication in
Food Research.
2033 Replacement Therapy in Lactating ThyraParathyroidectomized Rates by R. von Berswordt- W allrabe, Research Fellow of Federal
Ministry of Nutrition and Agriculture, Bonn
Federal Republic of Germany, and C. W.
Turner, Department of Dairy Husbandry,
University of Missouri. Submitted July, 1959,
for publication in the Journal of Dairy Science.
2034 Thyroxine Secretion Rate of Mice, by Hiroshio
Wada, Research Scholar, Ministry of Education, Japanese Government, and Medical Fellow of the Population Council, College of
Agriculture, University of Okayama, Japan;
R. v. Berswordt-W allrabe, Research Fellow of
Ministry of Nutrition and Agriculture, German Federal Government, Bonn; and C. W.
Turner, Department of Dairy Husbandry, University of Missouri. Submitted July, 1959, for
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publication in the Proceedings of the Society
for Experimental Biology and Medicine.
2035 Interaction of Relaxin and Ovarian Steroid
Hormone on Uterus of the Rat, by Hiroshi
Wada, Research Scholar, Ministry of Education, Japanese Government, and Medical Fellow of the Population Council, College of
Agriculture, University of Okayama, Japan,
and C. W. Turner, University of Missouri,
Department of Animal Husbandry. Submitted
July, 1959, for publication in the Proceedings
of the Society for Experimental Biology and
Medicine.
2036 Design Factors for Air Conditioning and Ventilating Dairy Cattle Shelters, by R. G. Yeck,
M.D. Shanklin, and R. E. Stewart, Department
of Agricultural Engineering, University of
Missouri. Subm~tted August, 1959, for publication in Agricultural Engineering.
2037 Normal Growth of Rat Mammary Glands
During Pregnancy and Lactation, by David R.
Griffith and C. W. Turner (with technical assistance of Mary E. Powell), Department of
Dairy Husbandry, Univer~ity of Missouri.
Submitted August, 1959, for publication in the
Proceedings of the Society for Experimental
Biology and Medicine.
2038 Experimental Radiation Cooling of Dairy Catde, by M. D. Shanklin and R. E. Stewart, Department of Agricultural Engineering, University of Missouri. Submitted August, 1959,
for publication in Agricultural Engineering.
2039 Study of the Effect of Time on Experimental
Mammary Gland Growth and Lactation in
Dairy Heifers, by Ralph Williams and C. W.
Turner, Department of Dairy Husbandry,
University of Missouri. Submitted August,
1959, for publication in the Journal of Animal Science. (Abstract)
2040 (Abstract) Optimal Hormonal Levels in Mammary Gland Growth, by Richard C. Moon
and Charles W. Turner, Department of Dairy
Husbandry, University of Missouri. Submitted
August, 1959, for publication in the Journal of
Animal Science.
2041 Rarathormone and Lactation, by R. von Berswordt- Wallrabe and C. W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted August, 1959, for publication
in the Journal of Animal Science. (Abstract)
. 2042 (Abstract) Elevated Thyroxine Pool and Lactation, by B. N. Premachandra and C. W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted August, 1959, for
publication in the Journal of Animal Science.
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2043 Effect of Pregnancy Upon Pituitary Lactogenic
Hormone Concentration, by Clark E. Grosvenor and Charles W. Turner, Department of
Dairy Husbandry, University of Missouri.
Submitted August, 1959, for presentation before the meetings of the Society of Animal
Production.
2044 Consumer Preferences for Egg Shell Characteristics, by Ralph Franklin and Leonard A. Voss,
Department of Agricultural Economics, University of Missouri. Submitted August, 1959,
for presentation at the annual Poultry Science
Association meeting.
2045 Consumer Preference for Interior Quality of
Eggs and the Relationship to Present Grade
Standards, by Leonard A. Voss and Lloyd D.
Bender, Department of Agricultural Economics, University of Missouri. Mr. Bender is now
a member of the staff of the Department of
Agricultural Economics, University of Arkansas, Fayetteville, Arkansas. Submitted August,
1959, for presentation at the annual Poultry
Science Association meeting.
2046 A Power Company Community Development
Contest as a Catalytic Agent in Social Action,
by JohnS. Holik and V. Wayne Lane, Department of Rural Sociology, University of
Missouri. Submitted August, 1959, for presentation before the Rural Sociological Society,
August 28, 1959.
2047 Present Status and Prospects of Research Relating to the Diffusion and Use of New Farm
Practices, by Herbert F. Lionberger, Department of Rural Sociology, University of Missouri. Submitted August, 1959, for presentation at the Annual Meeting of the Rural Sociological Society, August 27, 1959.
2048 Evidence for Existence of a Mammogenic Hormone, by H. C. Damm and C. W. Turner, Department of Dairy Husbandry, University of
Missouri. Submitted August, 1959, for presentation at the fall meetings of the Society of
Animal Production. (Abstract)
2049 Amino Acid Supplementation of Practical Rations For Swine, by Edward E. Bartels, Don
E. Boenker and L. F. Tribble, Department of
Animal Husbandry, University of Missouri.
Submitted August, 1959, for publication in the
American Society of Animal Production. (Abstract)
2050 Effects of Stilbestrol and a Combination of
Progesterone and Estradiol on Growing-Fattening Swine, by B. N. Day, S. E. Zobrisky,
L. F. Tribble and J. F. Lasley, Department of
Animal Husbandry, University of Missouri.

Submitted August, 1959, for publication at
the fall meetings of the Society of Animal
Production. (Abstract)
2051 Acetate Utilization by Sheep, by W. H. Pfander and R. L. Reid, Department of Animal Husbandry, University of Missouri. Submitted
August, 1959, for publication in the American
Society of Animal Production. (Abstract)
2052 Protein Supplements for Wintering Ewes on
Pasture and Roughage, by R. L. Pavey, C. V.
Ross , and A. J. Dyer, Department of Animal
Husbandry, University of Missouri. Submitted
August, 1959, for publication in the American
Society of Animal Production. (Abstract)
2053 Comparison of Phenothiazine Versus Copper
Sulphate for Control of Parasites in Lambs on
Pasture, by C. V. Ross and R. L. Pavey, Department of Animal Husbandry, University
of Missouri. Submitted August, 1959, for publication in the American Society of Animal
Production. (Abstract)
2054 Response of Growing-Fatt ening Lambs to
Graded Levels of Hexestrol Implants, by C.
V. Ross, John C. Rea, and R. L. Pavey, Department of Animal Husbandry, University of
Missouri. Submitted August, 1959, for publication in the American Society of Animal Production. (Abstract)
2055 Efficiency of Weight Gains in Dairy Calves
During Growth at 50 ° and 80 °F, by H. D.
Johnson, H. H. Kibler, and A. C. Ragsdale,
Department of Dairy Husbandry, University
of Missouri. Submitted August, 1959, for presentation at the November meeting of the
Society of Animal Production. (Abstract)
2056 Effect of Environmenta l Temperatures on Surface Temperatures of Growing Calves, by M.
D. Shanklin, R. E. Stewart, H. D. Johnson,
and H. H. Kibler, Department of Dairy Husbandry, University of Missouri. Submitted
August, 1959, for presentation at the November meeting of the American Society of Animal Production. (Abstract)
2057 Feeding Value of High Moisture Corn for Fattening Lambs, by C. V. Ross and John C. Rea,
Department of Animal Husbandry, University
of Missouri. Submitted August, 1959, for publication in the American Society of Animal
Production. (Abstract)
2058 Effects of Pelleting, Concentrate: Roughage
Ratios and Hexestrol Implants on Fattening
Lambs, by C. V. Ross and R. L. Pavey, Department of Animal Husbandry, University of
Mis_souri~ ~ubmitted August, 1959, for publica-

tion in the American Society of Animal Production. (Abstract)
2059 Chemical Dips for the Control of Nematodes
on Bare Root Nursery Stock, by Lee Jenkins
and H . W. Guengerick, Department of Entomology, University of Missouri. Submitted
August, 1959, for publication in Plant Disease
Reporter.
2060 Palatability Studies of Rations and Response
tp Aureomycin Additions by Suckling Lambs
fed in Creeps, by C. V. Ross and R. L. Pavey,
Department of Animal Husbandry, University
of Missouri. Submitted August, 1959, for publication in the American Society of Animal
Production. (Abstract)
2061 Control of Insects Attacking Stored Cereal
Products By Insecticide-Tr eated Bags, by
Costas A. Kouskolekas, graduate assistant and
now at the University of Illinois, and Don C.
Peters, Department of Entomology, Univer·
sity of Missouri. Submitted August, 1959, for
publication in the Journal of Economic Entomology.
2062 Arginine Requirement of the Chick and the
Arginine Sparing Value of Related Com·
pounds, by J. E. Savage and B. L. O'Dell, Departments of Poultry Husbandry and Agricultural Chemistry, University of Missouri. Submitted August, 1959, for publication in the
Journal of Nutrition.
2063 The Communicatio n of Information and Acceptance of Technological Change in Agriculture, Herbert F. Lionberger, Department of
Rural Sociology, University of Missouri. Submitted August, 1959, for publication, The National Project in Agricultural Communications,
Michigan State University, East Lansing, Michigan.
2064 How Much Protein Can We Use in America?
by Elmer R. Kiehl, Department of Agricultural Economics, University of Missouri. Submitted August, 1959. Presented at the Annual
Convention of the American Soybean Association, St. Louis, Missouri, August 11, 1959.
2065 Insecticidal Control of the Hessian Fly, by
Harry E. Brown, Department of Entomology,
University of Missouri. Submitted August,
1959, for publication in the Journal of Economic Entomology.
2066 Phytic Acid and Zinc Availability, by B. L.
O 'Dell, E. E. Pickett, ~nd J. E. Savage, Departments of Agricultural Chemistry and Poultry Husbandry, University of Missouri. Submitted September, 1959, for publication in Sci173

ence.
2067 Magnesium Requirement of Non-Ruminant
Animals, by Boyd L. O 'Dell, Department of
Agricultural Chemistry, University of Missouri. Presented at a recent Animal Nutrition
conference on the West Virginia campus. Submitted September, 1959, for publication in
booklet form as minutes of the meeting.
2068 A Ten-year Summary of Psychroenergetic Laboratory Research, by R. G. Yeck and R . E.
Stewart, Department of Agricultural Engineering, University of Missouri. Submitted September, 1959, for publication in the Journal of
Agricultural Engineering.
2069 Elec~ooking of Chicken, by La Veta
Phillips, Isabelle Delaney, and Margaret
Mangel, Department of Home Economics,
University of Missouri. Submitted September,
1959, for publication in the Journal of Home
Economics.
2070 Preliminary Evidence of Resistance of High
Amylose Corn to the Angoumois Grain Moth,
by Don C. Peters, M. S. Zuber, and Virgil
Fergason, Departments of Entomology and
Field Crops, University of Missouri, and Crops
Research Division, U. S. Department of Agriculture. Submitted September, 1959, for publication in the Journal of Economic Entomology.
2071 Subsoiling and Deep Fertilization Studies in
the Midwest, by V. C. Jamison, W . E. Larson,
and W. G. Lovely, Departments of Soils, Universities of Missouri and Iowa, and the Eastern
Soil and Water Management Research Branch,
SWCRD, and the Crop Production Engineering Research Branch, AERD, ARS, USDA.
Submitted September, 1959, for publication in
the Journal of Soil and Water Conservation.
2072 Effect of Ovariectomy and Replacement Therapy Upon Thyroxine Secretion Rate of Rat, by
Richard C. Moon and Charles W. Turner, Department of Dairy Husbandry, University of
Missouri. Submitted September, 1959, for publication in the Proceedings of the Society for
Experimental Biology and Medicine.
2073 Thyroid HoJ,"mone and Mammary Gland
Growth in the Rat, by Richard C. Moon and
Charles W. Turner (with technical assistance
of Mary E. Powell), Department of Dairy Husbandry, University of Missouri. Submitted
September, 1959, for publication in the Proceedings of the Society for Experimental
Biology and Medicine.
2074 Normal Growth of Mammary Gland in Pregnant and Lactating Mice, by A. D. Brookreson
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and C. W. Turner (with technical assistance
of Mary E. Powell), Department of Dairy Husbandry, University of Missouri. Submitted September, 1959, for publication in the Proceedings of the Society for Experimental Biology
and Medicine.
Consumer Acceptance of Lean Pork, by V.
James Rhodes, H. D. Naumann, Elmer R.
Kiehl, and E. A. Jaenke, Departments of Agricultural Economics and Animal Husbandry,
University of Missouri. Submitted October,
1959, for publication in the Journal of Farm
Economics.
A Report of the Lack of Correlation Between
the Amylose Content of Pollen and Endosperm
in Maize, by M. S. Zuber, W. L. Deatherage,
M. M. MacMasters, and V. L. Fergason, Department of Field Crops, Crops Research Division and Northern Utilization Research and
Development Division, U. S. Department of
Agriculture. Submitted October, 1959, for publication in the Agronomy Journal.
Origin and Performance of Tuckcross Forcing Tomatoes, by Victor N. Lambeth, Department of Horticulture, University of Missouri.
Submitted October 1959, for publication in
the Proceedings for the American Society for
Horticultural Science.
Chemical Composition of Kernel Fractions of
Corn Samples Varying in Amylose Content, by
M. S. Zuber, W. L. Deatherage, C. 0. Grogan,
and M. M. MacMasters, Department of Field
Crops, University of Missouri, Crops Research
Division and Northern Utilization Research
and Development Division, U . S. Department
of Agriculture. Submitted October, 1959, for
publication in the Agronomy Journal.
Preparation and Storage of a Frozen Concentrated Beef Stew, by 0 . ). Kahlenberg, N. B.
Webb, and H. D. Naumann, Food Processing
Laboratories, University of Missouri. Submitted October, 1959, for publication in Quick
Frozen Foods.
Decay of Poinsettia Cuttings by the Soft Rot
Bacterium, Erwinia Carotovora, Jones Holland,
by Marlin N. Rogers, Department of Horticulture, University of Missouri. Submitted
October, 1959, for publication in the Plant
Disease Reporter.
Comparative Goitrogenic Activity of Tapazole
and Carbimazole in Cattle, by B. N . Premachandra, G. W. Pipes, and C. W. Turner, Department of Dairy Husbandry, University of
Missouri. Submitted October, 1959, for publication in the Journal of Animal Science.

2082 Critical Tractive Forces in Cohesive Soils, by
Ernest T. Smerdon and Robert P. Beasley,
Departments of Agricultural Engineering of
Texas and Missouri respectively. Submitted
October, 1959, for presentation at the winter
meeting of the American Society of Agricultural Engineers, Chicago, Illinois, December
15-18, 1959.
2083 The Barley Yellow Dwarf Virus-Bacteria l
Blight Complex on Oats in Missouri in 1959,
by Dale T. Sechler, J. M. Poehlman, M. D.
Whitehead, and 0 . H. Calvert, Department of
Field Crops, University of Missouri. Submitted
October, 1959, for publication in the Plant
Disease Reporter.
.
2084 Control of Weeds in Alfalfa and Trefoil Seedings with 4-(2,4-DB) , Dalapon and TCA, by
Elroy J. Peters and Frank S. Davis, Field Crops
Department, University of Missouri. Submitted November, 1959, for publication in Weeds.
2085 How the Marking of Beef Grades was Obtained, by V. James Rhodes, Department of Agricultural Economics, University of Missouri.
Submitted November, 1959, for publication
in the Journal of Farm Economics.
2086 (Abstract) The Thyroxine Secretion Rate of
Experimental and Domestic Animals, by C.
W. Turner, Department of Dairy Husbandry,
University of Missouri. Submitted November,
1959, for presentation at the 4th International
Goiter Conference in London, England, July
5-9, 1960.
2087 Interior Quality Criteria Consumers Used in
Selecting Eggs, by Leonard A. Voss, Department of Agricultural Economics, University
of Missouri. Submitted December, 1959, for
publication in Poultry and Egg Processing and
Marketing magazine.
2088 Secured Farm Credit in the United States, by
Fred L. Mann, Agricultural Economics Department, University of Missouri. Submitted
December, 1959, for presentation at the Institute of International and Comparative Agricultural Law.
2089 Weed Control in Established Strawberry
Planting (Abstract) , by Delbert D. Hemphill,
Department of Horticulture, University of
Missouri. Submitted December, 1959, for publication in the Proceedings of North Central
Weed Control Conference.
2090 Cable Heat in Farrowing Houses, by K. L.
McFate, Department of Agricultural Engineering, University of Missouri. Submitted December, 1959, for presentation at the 1959 Winter
Meeting American Society of Agricultural

Engineers.
2091 Filtration and Chlorination of Pond Water, by
T. 0. Hodges, M. D. Shanklin, and J. E. Edmondson, Departments of Agricultural Engineering and Dairy Husbandry, University of
Missouri. Submitted December, 1959, for presentation at the winter meeting of American
Society of Agricultural Engineers, December
17, 1959.
2092 Progress Report of Laboratory Studies of Drying Grain with Supplemental Heat, by Alvin
J. Ohrenberg and D. B. Brooker, Department
of Agricultural Engineering, University of
Missouri. Submitted December, 1959, for presentation at the Eighth Annual Stran-Steel Farm
Structures Research Conference at Chicago,
Ill., December 15, 1959.
2093 The Effect of Humidity on Surface Temperature of Dairy Cattle, by M. D. Shanklin and
R. E. Stewart, Department of Agricultural Engineering, University of Missouri. Submitted
December, 1959, for presentation before the
annual Winter Meeting of the American
Society of Agricultural Engineers.
2094 Home Management Residence at the University of Missouri, by Joann Hallaway, Department of Home Economics, University of Missouri. Submitted December, 1959, for publication in the Journal of Home Economics.
2095 Role of the Mass Media in Decisions to Change
Farm Practices and Purchase Farm Supplies
with Particular Reference to Television, by
Herbert F. Lionberger, Department of Rural
Sociology, University of Missouri. Submitted
December, 1959, to be submitted to the Foundation for Research on Human Behavior.
2096 The Quantitative Determination of Steam
Volatile Fatty Acids by Gas-Liquid Chromatography, by Charles W. Gehrke and William
M. Lamkin, Department of Agricultural Chemistry, University of Missouri. Submitted December, 1959, for publication in the Journal
of Agricultural and Food Chemistry.
2097 Reserpine and Thyroid Activity in the Pigeon,
by B. N. Premachandra and C. W . Turner,
(Intr. by B. W. Westfall), Department of
Dairy Husbandry, University of Missouri Submitted December, 1959, to be presented at the
meetings of the American Physiological Society and later published in the Federation Proceedings. (Abstract)
2098 Factors Influencing Immunity in Hog Cholera
Vaccination, by D. E. Rodabaugh, H . B.
Wright, and Cecil Elder, Department of Veterinary Medicine, University of Missouri. Sub175
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mitted December, 1959, for publication in the
Journal of the American Veterinary Medical
Association.
The Effect of Thyroxine on Its Own Turnover
Time, by G. W. Pipes, B. N. Premachandra,
and C. W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted December, 1959, for publication in Federation
Proceedings.
Mammogenesis in Ovary- Thyro-Parathyroidectomized Rats, by R. von BerswordtWallrabe and C. W . Turner, with technical
assistance of Mary E. Powell, Department of
Dairy Husbandry, University of Missouri.
Submitted December, 1959, for publication in
the Proceedings of the Society for Experimental Biology and Medicine.
DNA as a Quantitative Measure of Mammary Gland Growth, by Charles W. Turner,
Department of Dairy Husbandry, University
of Missouri. Submitted December, 1959, for
presentation at the First International Congress of Endocrinology, Copenhagen, Denmark, July 18-23, 1960. (Abstract)
Influence of the Dwarf Gene on the Sensitivity of Beef Cattle to Insulin, by C. W. Foley,
C. J. Heidenreich, and J. F. Lasley, Department
of Animal Husbandry, University of Missouri.
Submitted December, 1959, for publication in
the Journal of Heredity.
Viscometric Observations on the Enzymic
Phase of Rennin Coagulation of Milk, by I.
S. Verma and C. W. Gehrke, Department of
Agricultural Chemistry, University of Missouri. Submitted December, 1959, for publication in the Journal of Dairy Science.
Current Controversies Regarding Federal Beef
and Lamb Grading, by Elmer R. Kiehl, Department of Agricultural Economics, University of Missouri. Submitted December, 1959.
This paper was presented to Staff Research Review Conference, Washington, D. C., December 2.
Missouri Agriculture in Transition, by Elmer
R. Kiehl, Professor of Agricultural Economics,
University of Missouri. Submitted January,
1960, for publication in the January issue of
the Missouri Business Review.
A Comparison of Objective Physical Measurements to Determine Meat Tenderness, by
H . D. Naumann, J. D. Volk, N. B. Webb,
Department of Animal Husbandry, University
of Missouri. Submitted January, 1960, for
presentation at the 20th annual meeting of the
Institute of Food Technologists, May 15-19.

(Abstract)
2107 Biochemical Factors Affecting Beef Tenderness, by N. B. Webb, 0. J - Kahlenberg, and
H. D. Naumann, Department of Animal Husbandry, University of Missouri. Submitted
January, 1960, for presentation at the annual
meeting of Institute of Food Technologists,
May 15-19. (Abstract)
2108 Consumer Acceptability of Boneless Carcass
Beef, by H. D. Naumann, V . J. Rhodes, D. C.
Buback, and Taylor Hendrickson, Department
of Animal Husbandry, University of Missouri.
Submitted January, 1960, for presentation at
the annual meeting of the Institute of Food
Technologists, May 15-19. (Abstract)
2109 Time and Temperature Tolerances in Frozen
Beef and Pork, by H. D. Naumann and J. L.
McBee, Jr., Department of Animal Husbandry,
University of Missouri. Submitted January,
1960, for presentation at the annual meeting
of the Institute of Food Technologists, May
15-19. (Abstract)
2110 Computation of Variance Estimates for Marginal Physical Products and Marginal Rates of
Substitution, by John P. Doll, Emil H. Jebe,
and Robert D. Munson. Department of Agricultural Economics, University of Missouri,
and Iowa State University and American Potash Iostitute, Inc. Submitted January, 1960, for
publication in the Journal of Farm Economics.
2111 Larval Phantom Midges in Missouri (Diptera,
Chaoboridae), by Wilbur R. Enns, Department of Entomology, University of Missouri.
Submitted January, 1960, for publication in
the Journal of the Kansas Entomological
Society.
·
2112 Antibiotic Preservation of Beef with Subsequent Feeding to Experimental Animals, by R.
B. Sleeth, J. C. Armstrong, H. S. Goldberg,
and H. D. Naumann, Department of Animal
Husbandry, University of Missouri. Submitted
January, 1960, for presentation at the 20th Annual Meeting of the Institute of Food Technologists, May 15-19. (Abstract)
2113 A Photographic Study of Veneer Formation,
by Lawrence Leney, Department of Forestry,
University of Missouri. Submitted January,
1960, for publication in the Forest Products
Journal.
2114 Summary of Hydraulics of Furrow Irrigation
studies in Missouri, by John F. Thornton,
Eastern Soil and Water Management Branch,
Agricultural Research Service, U. S. Department of Agriculture, in cooperation with the
Missouri Agricultural Experiment Station. Sub-

mitted January, 1960, for presentation at the
ARS-SWC Workshop on Hydraulics of Surface Irrigation at Denver, Colorado, February
9-11, 1960.
2115 Problems in the Administration of Hormones
to Grazing Animals, by Charles W , Turner,
Department of Dairy Husbandry, University
of Missouri. Submitted January, 1960, for presentation at the Grasslands Meeting in Reading,
England next July.
2116 Equipment for Putting Down Neutron Moisture Meter Access Tubes in Stony Soils, by
E. M. Kroth and J. F. Gerber, Department of
Soils, University of Missouri. Submitted January, 1960, for publication in the Soil Science
Society of American Proceedings.
2117 Oxygen Consumption in Cattle Relative to
Rate of Increase in Environmenta l Temperature, by Hudson H. Kibler, Department of
Dairy Husbandry, University of Missouri.
Submitted January, 1960, for publication in
Nature.
2118 Further Observations on the Scar Skin Disease
of Apple by D. F. Millikan and H. W. Guengerich, Department of Horticulture, University
of Missouri. Submitted January, 1960, for publication in Plant Disease Reporter.
2119 Management Decisions When Weather Is An
Economic Factor, by James D. Doll, Departments of Soils and Agricultural Economics,
University of Missouri. Submitted February,
1960, for publication in Poultry Science.
2120 The Effect of Season and Age of Bird. III. On
the Performance of Egg White in Angel Cakes,
by F. E. Cunningham, 0. J. Cotterill, and E.
M. Funk, Department of Poultry Husbandry,
University of Missouri. Submitted February,
1960, for publication in Poultry Science.
2121 Effect of Vitamin B 12 Deficiency on Non-Protein Sulfhydryl Compounds in Rat Liver and
on Anaerobic Glycolysis, by B. L. O'Dell, B.
A. Erickson, P.M. Newberne and L. M. Flynn,
Department of Agricultural Chemistry, University of Missouri. Submitted February, 1960,
for publication in the Journal of Biological
Chemistry.
2122 Effect of Lactogenic Hormone, Growth Hormone and Thyroxine in the Lactating Albino
Rat, by R. von Berswordt- W allrabe, R. C.
Moon, and C. W. Turner, Department of Dairy
Husbandry, University of Missouri. Submitted
February, 1960, for publication in the Proceedings of the Society for Experimental
Biology and Medicine.
. 2123 (Abstract) Preliminary Observations on the
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2130

Effect of Frequency of Feeding an Equalized
Intake Upon Milk Production Characteristics,
Body Weight and Feed Utilization in Lactating Dairy Cows, by J. R . Campbell and C. P.
Merilan, Department of Dairy Husbandry,
University of Missouri. Submitted February,
1960, for presentation at the American Dairy
Science Association and publication in the abstract issue.
The Effect of Constant Environmental Temperatures and Relative Humidities on Feed Digestion by Lactating Holstein Cows, by A. V.
Davis and C. P. Merilan, Department of Dairy
Husbandry, University of Missouri. Submitted
February, 1960, for presentation at the American Dairy Science Association meeting and
publication in the Abstract issue.
Effects of Stilbestrol and a Combination of
Progesterone and Estradiol on GrowingFinishing Swine, by B. N. Day, S. E. Zobrisky,
L. F. Tribble, and J. F. Lasley, Department of
Animal Husbandry, University of Missouri.
Submitted February, 1960, for publication in
Journal of Animal Science.
The Influences of Heat (80° and 90°F) and
Stage of Lactation at 65°F on Salt Balance of
Milk, by T. H. Kamal, H. D. Johnson, and
A. C. Ragsdale, Department of Dairy Husbandry, University of Missouri. Submitted
February, 1960, for publication in the Journal
of Dairy Science. (Abstract)
Volumetric Determination of Calcium and
Magnesium in Milk and Blood Plasma, by T.
H. Kamal, Department of Dairy Husbandry,
University of Missouri. Submitted February,
1960, for publication in the Journal of Dairy
Science. (Abstract)
Effects of Various Combinations of Temperatures and Humidities on Milk Production, by
H . D. Johnson, H. H. Kibler, A. C. Ragsdale,
and M. D. Shanklin, University of Missouri.
Submitted February, 1960, for publication in
the Journal of Dairy Science. (Abstract)
Comparative Physiologic Activity of Thyroxine and Triiodothyron ine in Cattle, by B. N.
Premachandra, G. W. Pipes, and C. W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted February, 1960, for
publication in the Journal of Dairy Science.
(Abstract)
The Effect of Estradiol on the Thyroid Secretion Rate of Dairy Cattle, by G. W . Pipes, B.
N. Premachandra and C. W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted February, 1960, for publica-
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tion in the Journal of Dairy Science. (Abstract)
2131 Substituting the Membrane Filter for the
Standard Plate County in the Bacteriological
Examination of Milk, by R. T. Marshall and
J. E. Edmondson, Department of Dairy Husbandry, University of Missouri. Submitted
February, 1960, for publication in the Journal
of Dairy Science. (Abstract)
2132 The Effect of Temperature on the Keeping
Qualities of Milk in Market Channels, by G.
E. Huskey, J. E. Edmondson, and K. L. Smith,
Department of Dairy Husbandry, University
of Missouri. Submitted February, 1960, for
publication in the Journal of Dairy Science.
2133 Successful Replacement Therapy in Lactating
Thyroparathyroidectomized Rats, by R . von
Berswordt- Wallrabe and C. W. Turner, Department of Dairy Husbandry, University of
Missouri. Submitted February, 1960, for publication in the Proceedings of the Society for
Experimental Biology and Medicine.
2134 Mortgages-Redemption After Foreclosure Sale
in Missouri, by Larry Dingus, Department of
Agricultural Economics, University of Missouri. Submitted March, 1960, for publication
in the Missouri Law Review, April 1960 issue.
2135 Differences in Growth and Carcass Characteristics Between Castrate and Non-Castrate Littermate Pigs of Each Sex, by S. E. Zobrisky,
H. D. Naumann, L. F. Tribble, and J. F. Lasley,
Department of Animal Husbandry, University
of Missouri. Submitted March, 1960, for publication in the Journal of Animal Science.
2136 Comparison of Various Cooking Methods ~or
Commercial Precooked Poultry Products, by
0. J. Kahlenberg and E. M . Funk, Department
of Poultry Husbandry, University of Missouri.
Submitted March, 1960, for publication in
Food Technology.
2137 From Death to Life, by Leonard Haseman,
Professor Emeritus, Department of Entomology, University of Missouri. Submitted March,
1960, for publication in the May issue of The
American Bee Journal, Vol. 100, Number 5.
2138 Identification of the Chromosome Carrying the
Martin Gene for Resistance of Wheat to Bunt,
by E. R. Sears, C. W. Schaller, and F. N.
Briggs, Agricultural Research Service, U . S.
Department of Agriculture, Columbia, Department of Agronomy, University of California, Field Crops Department, University of
Missouri. Submitted March, 1960, for publication to The Canadian Journal of Genetics and
Cytology.
2139 Physical and Chemical Changes in Wheat and
178

2140

2141
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2144

2145

2146

2147

Lespedeza During Their Growth and During
Digestion in the Bovine and Ovine Rumen, by
W. H. Pfander, Department of Animal Husbandry, University of Missouri. Submitted
March, 1960, for publication in the Journal of
Nutrition.
The Influence of Cation Competition, Time
and Temperature on the Uptake of Streptomycin by Foliage, by Robert N. Goodman, Department of Horticulture, University of Mis-.
souri. Submitted March, 1960, for publication
in the Journal' of American Physopath Society.
Inheritance of Fruit Cracking in Tomatoes, by
D. P. Prashar and V. N. Lambeth, Department
of Horticulture, University of Missouri. Submitted April, 1960, for publication in the Proceedings for the American Society for Horticultural Science.
Water Movement Restriction by Plant Residues in a Silt Loam Soil, by Vernon C. Jamison, Department of Soils, University of Missouri. Submitted April, 1960, for publication
in the Proceedings of International Soil Society.
The Colloid Chemistry of the Soil in Relation
to Plant Nutrition, by C. Edmund Marshall,
Department of Soils, University of Missouri.
Submitted April 13, 1960, for presentation at
Purdue, for publication by Basic Books, New
York. (to be presented at a symposium at Purdue University in June, 1960.)
Serological and Cultural Studies of Salmonellosis in Turkeys, by H. C. McDougle, Department of Veterinary Medicine, University of
Missouri. Submitted April 18, 1960, for publication in either the Journal of Poultry Science or the Journal of the American Veterinary
Medical Association.
Measurement of Inbreeding and Relationships
in Beef Cattle, by John F. Lasley, Department
of Animal Husbandry, University of Missouri.
Submitted April 19, 1960, for publication in
the American Hereford Journal.
Occurrence and Control of Sand Wireworm in
Missouri by Armon J. Keaster and Mahlon L.
Fairchild, Department of Entomology, University of Missouri. Submitted April 19, 1960,
for publication in the Journal of Economic
Entomology.
Establishing Pressure Patterns in Grain Drying
Systems by Numerical Methods, by D. B.
Brooker, Department of Agricultural Engineering, University of Missouri. Submitted April
21, 1960; for publication in either the Journal
of Agricultural Engineering or the Transactions of the Society.
·

2148 Runoff and Erosion Losses from Mexico Silt
Loam in Relation to Fertilization and Other
Management Practices, by F. D. Whitaker, V.
C. Jamison, and J. R. Thornton, Department
of Soils, University of Missouri. Submitted
April 22, 1960, for presentation at the fall
meeting of the Soil Science Society. (Abstract)
2149 The Pattern of Origination of Conversion-type
Inheritance at the B Locus in Maize, by E. H .
Coe, Department of Field Crops, University of
Missouri. Submitted April 22, 1960, for presentation as a 15-minute paper at the August
Meeting of the Genetics Society of America,
and for publication in the Records of the
Society and in the journal, Genetics. (Abstract)
2150 Genetic Control of 2,5-Dimethyl-4-Aminopyrimidine Requirement in Arabidopsis Thaliana, by Gyorgy Redei, Department of Field
Crops, University of Missouri. Submitted April
22, 1960, for presentation at the August meeting of the Genetics Society of America and will
be published in the Records of the Genetics
Society of America and in the journal, Genetics. (Abstract)
2151 A New Approach To Chopped Hay Distribution, by J. S. McKibben, Department of Agri.
Engineering, University of Missouri. Submitted April 25, 1960, for presentation at the 1960
Annual Meeting American Society of Agricultural Engineers, in June, 1960.
2152 Reserpine and Thyroid Activity in Fowls, by
B. N. Premachandra and C. W. Turner, Department of Dairy Husbandry, University of
Missouri. Submitted April 25, 1960, presentation to the Proceedings of the Society of Experimental Biology and Medicine.
2153 Seasonal Variation in Thyroxine Secretion
Rates in Two Strains of New Hampshire
Chickens, by Perry Stahl and C. W. Turner,
Department of Dairy Husbandry, University of
Missouri. Submitted April 25, 1960, for publication in the Journal of Poultry Science.
2154 Thyrotropic Hormone Secretion Rate (TSH)
in the Fowl, by B. N. Premachandra and C.
W. Turner, Department of Dairy Husbandry,
University of Missouri. Submitted April 27,
1960, for presentation at the Poultry Science
Meeting. (Abstract)
2155 Weather Analysis For Grain Drying, by D.
B. Brooker, and J. D. McQuigg, Department
of Agri. Engineering and State Climatologist,
respectively, University of Missouri. Submitted
April 28, 1960, for presentation at the meeting
of the American Meterological Society in
Kansas City on May 18, and published in the

"Monthly Weather Review".
2156 The Physiologic Effect of Reserpine on Ewe
Lambs, by A. D. Allen, Department of Veterinary Medicine, University of Missouri. Submitted April 29, 1960, for publication in "Vet
Medicine".
2157 The Effect of Underfeeding on the Thyroxine
Secretion Rate of Female Mice, by G. W.
Pipes, J. A. Grossie and C. W. Turner, Department of Dairy Husbandry, University of
Missouri. Submitted April 29, 1960, publication in the Proceedings of the Society for Experimental Biology and Medicine.
2158 Differences in Amuylose Content in Maize
Due to Gene Dosage Effects Associated with
Endosperm Tissue, by P. J. Loesch and M. S.
Zuber, Department of Field Crops, University
of Missouri. Submitted May 6, 1960, for presentation at the 1960 Annual Meetings of the
American Society of Agronomy. Also for publication in "Agronomy Abstracts". (Abstract)
2159 The Effect of Various Mechanical Mixtures of
Waxy Normal Kernels on High Amylose
Corn, by J. P. Thomas and M. S. Zuber, Department of Field Crops, University of Missouri. Submitted May 6, 1960, for presentation
at the 1960 Annual Meetings of the American
Society of Agronomy. Also for publication in
"Agronomy Abstracts". (Abstract)
2160 The Influence of Environment on the Amylose
and Endosperm Protein Content of Maize, by
V. L Fergason and M. S. Zuber, Department
of Field Crops, University of Missouri. Submitted May 6, 1960, for presentation at the
1960 Annual Meeting of the American Society
of Agronomy. Also for publication in "Agronomy Abstracts". (Abstract)
2161 The Effects of Plant Density on Several Yield
Components for the Parents, F 1 and F 2 Generations of Hybrid Grain Sorghum, by A. C.
McBride and M. S. Zuber, Department of Field
Crops, University of Missouri. Submitted May
6, 1960, for presentation at the 1960 Annual
Meeting of the American Society of Agronomy. Also for publication in "Agronomy Abstracts''. (Abstract)
2162 Estimates of Bowen's Ratio By the Heat Budget Measurements of a Corn Field, by J. F.
Gerber and W. L. Decker, Department of
Climatology, University of Missouri. Submitted May 18, 1960, for presentation at Third
Annual Conference of American Meteorological Society, May 1960 and submitted for publication to the Journal of Geophysical Research.
2163 A Technique for Assay for Goitrogens in
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2164

2165

2166

2167

2168

2169
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Feed, by B. N. Premachandra and C. W. Turner, Department of Dairy Husbandry, University of Missouri. Submitted May 18, 1960, for
publication in the Journal of Animal Science.
Photosyntheti c Phosphorylati on and Hill Reaction Activities of Chloroplasts Isolated from
Plants Infested with Tobacco Mosaic Virus, by
Milton Zaitlin and A. T. Jagendorf, Department of Horticulture, University of Missouri,
Columbia, Mo., and McCollum-Pr att Institute
and Biology Department, The Johns Hopkins
University, Baltimore 18, Maryland. Submitted May 19, 1960, publication in either the
Journal of Virology or the American Journal
of Botany.
Antibiotic Preservation of Beef with Subsequent Feeding to Experimental Animals, by R.
B. Sleeth, J. C. Armstrong, H. S. Goldberg
and H. D. Naumann, Department of Microbiology, and Missouri Agricultural Station,
University of Missouri. Submitted May 23,
1960, to be presented before the Twentieth Annual Meeting of the Institute of Food Technologists, California, May 1960.
Successful Dihydrotachy sterol (A.T. 10) Replacement Therapy in Lactating Tyro-Parathyroidectomi zed Rats, by R. von BerswordtWallrabe and C. W. Turner, Department of
Dairy Husbandry and Research Fellow, Department of Animal Physiology and Animal
Nutrition, University Goettingen, West Germany, University of Missouri. Submitted May
31, 1960, to be published in the Journal of
Dairy Science.
Dihydrotachys terol (AT 10) and Mannogenesis
in Ovary-Thyro-P ara-thyroidect omized Rats by
R. von Berswordt-Wa llrabe and C. W. Turner, Department of Dairy Husbandry and Research Fellow, Department of Animal Physiology and Animal Nutrition, University
Goettingen, West Germany. University of
Missouri, Submitted May 31, 1960, to be presented in the Proceedings of the Society for Experimental Biology and Medicine.
Effect of Glucocorticoid s on Thyroid Function
of Cattle, by C. W. Turner, G. W. Pipes and
B. N. Premachandra , Department of Dairy
Husbandry, University of Missouri. Submitted
May 31, 1960, for publication in the Journal of
Dairy Science.
Selection for Part Year Egg .Production Within Crossbred Female Chickens, by A. B. Stephenson, Q. B. Kinder, and E. M. Funk, Department of Poultry Husbandry, University of
Missouri. Submitted May 31, 1960, for publi-

cation in the Poultry Science.
2170 Laboratory Germination of Cotton Seed at

Three Different Temperatures , by Viola Stanway, Department of Field Crops, University
of Missouri. Submitted June 8, 1960, for publication in the Proceedings of the Association
of Official Seed Analysts.
2171 A Comparison of Opinions About Physicians
Between Open-Country Samples Taken From
Two Rural Social Areas of Missouri, by Edward Hassinger and Robert L. McNamara, Department of Rural Sociology, University of
Missouri. Submitted June 16, 1960, for publication in Rural Sociology.
2172 Effect of Day-Length on the Time of Oviposition in the Domestic Fowl, by H. V. Biellier
and 0. W. Ostmann, Department of Poultry
Science, University of Missouri. Submitted,
June 27, 1960, for publication in Poultry Science.
2173 Pathology of Arginine Deficiency in the Chick,
by P. M. Newberne, J. E. Savage and B. L.
O'Dell, Departments of Agricultural Chemistry
and Poultry Husbandry, University of Missouri. Submitted June 27, 1960, for publication
to the Journal of Nutrition.
2174 The Metabolites of Progesterone and Their
Physiological Significance in the Urine of Pregnant and Non-Pregnan t Sows and Gilts, by
Betty R. Glasgow, Anthony M. Gawienowski,
and Dennis T. Mayer, University of Missouri,
Departments of Agricultural Chemistry and
Animal Husbandry. Submitted June 27, 1960,
for publication in the Journal of Animal Science.
2175 Chemical Residues and Additives in Foods of
Plant Origin, by Dr. Robert N. Goodman,
School of Medicine, University of Missouri.
Submitted June 27, 1960, for publication in
Journal of Medical Nutrition.
2176 Comparisons of Electrometric Measurements
in Clay Systems, by K. B. Deshpande and C.
E. Marshall, Department of Soils, University
of Missouri. Submitted June 27, 1960, for publication in the Journal of Physical Chemistry.

Research Grants and Cooperative Agreements
FOR THI: YI:AR I:NDING JUNI: 30, 1960
Monsanto Chemical Company
St. Louis, Missouri
Study metabolism of arginine, glycine, and
creatine.

Chicago, Illinois
The determination of factors necessary for successful rumen inoculation at times of major ration changes.

Monsanto Chemical Company
To determine the value of certain herbicides and
combinations of herbicides for weed control in
corn.

American Angus Association
St. Joseph, Missouri
A study of the physiological cause of dwarfism
and of methods for detecting carriers of the
dwarfism gene.

Hales and Hunter Company
Chicago, Illinois
To help a good graduate student selected by the
Department of Agricultural Chemistry in the
study of nutrition of livestock and poultry.
U. S. Department of Interior, National Park Service
Omaha, Nebraska
Study of the economic and sociological impact
of a proposed National Recreation Area.
Gardner Advertising Agency
St. Louis, Missouri
Study of factors associated with grain and supplementary feeding practices in livestock and
poultry enterprises.
Armour and Company
Chicago, Illinois
Improving consumer acceptability of meats; emphasis on determination of alternate means of
identifying tenderness.

Merck and Company, Inc.
Rahway, New Jersey
Study the effect of feed enzymes, with or without hormones on fattening lambs.
Merck and Company
Assay work on lamb tissues following hexestrol
pellet implants.
Swift and Company
Chicago, Illinois
To determine effect of high and low protein
levels on feed lot performance of lambs on high
and low energy pelleted rations and to determine effect of hormone treatments and enzymes
on lambs on the ration compound.
American Cancer Society, Inc.
New York, New York
Hormones and enzymes involved in the genesis
of mammary gland cancer.

American Meat Institute
Chicago, Illinois
Problems of improving consumer acceptability
of beef with emphasis on determination of alternate means of identifying tenderness.

National Association of Artificial Breeders
Columbia, Missouri
Increase the effectiveness of artificial insemination by studies on the effects of dehydration on
bovine spermatozoa.

Missouri Farm Electric Utilization Council
St. Joseph, Missouri
To study costs and benefits of the use of electricity on Missouri farms, to develop new uses,
and to improve existing uses.

Atomic Energy Commission
Lemont, Illinois
Study of inheritance of productive processes in
domestic animals by endocrine methods using
radioactive isotopes as tracers.
]. C. Penney
Support of Foremost Guernsey farm.

Dow Chemical Company
Midland, Michigan
Study value of organic phosphate ( Ruelene) as
an anthelmintic for sheep.
Moorman Manufacturing Company
Quincy, Illinois
To determine factors that affect ruminant use of
forages, especially pastures.
Vitamins, Inc.

Dannen Mills
St. Joseph, Missouri
Promotion of scientific knowledge in the field
of soybean quality improvement.
Missouri Farmers Association
Columbia, Missouri
To further the development of hybrid seed corn.
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Corn Industries Research Foundation, Inc.
Washington, D. C.
Development of high amylose corn.
MFA Oil Company
Columbia, Missouri
Development of more efficient and effective
methods of weed control.
Missouri State Highway Commission
Jefferson City, Missouri
Chemical methods of Johnson-grass control.
Missouri Conservation Commission
Jefferson City, Missouri
Further forestry research.
Missouri State Department of Agriculture
Jefferson City, Missouri
Indexing fruit trees for virus diseases.
Food Machinery and Chemical Corp.
Niagara Chemical Division
Middleport, New York
Spraying investigations.
Velsicol Chemical Corp.
Chicago, Illinois
Insecticides for control of European Corn Borer
larvae applied to corn by several methods and
formulations at times coordinated with seasonal
development of the borer.
Hercules Powder Company
Wilmington, Delaware
Toxaphene and Hercules 5727 will be used in
the development of effective corn and sorghum
insect control programs.
Hercules Powder Company
A study of cotton seedling diseases and the~r
control by seed treatment in-the-furrow funglcides.
Shell Chemical Company
New York, New York
To study the effects of chemicals when applied
to the soil for the control of nematodes of cotton, soybeans, and garden crops.
California Spray Chemical Corp.
Moorestown, New Jersey
Study effect of spray materials upon disease control of fruit finish of apples and grapes.
National Grape Cooperative Assn.
Westfield, New York
Research work on Concord grapes.
Upjohn Company
Kalamazoo, Michigan
Assist in spraying research
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Frasch Foundation
New York, New York
Physiology and inactivation of plant virus diseases.
Sears-Roebuck Foundation
Kansas City, Missouri
Community improvement program.
Union Electric Company
St. Louis, Missouri
Cooperating in small community planned progress program in visiting, scoring, progress, and
studying community behavior.
American Petroleum Institute
New York, New York
Comparisons of electro-chemical methods of
studying dissociation of cation from clay.
Phillips Petroleum Company
Bartlesville, Oklahoma
Field studies of the retention of anhydrous ammonia when applied under different conditions
to various soils; crops response to anhydrous
ammonia and other forms of nitrogen.
International Minerals and Chemical Corp.
Skokie, Illinois
Evaluation of the nutrition of plants with phosphorus in relation to the phosphorus potentials
of soils, the volume of soil per plant, and the
stage of development of the plant.
Hess and Clark
Ashland, Ohio
Study the therapeutic value of various drugs at
different levels in swine infected with S-Cholerasuis.
Olin Mathieson Chemical Corp.
Little Rock, Arkansas
Study relationship between the phosphate potentials of soils and the rates of band replacement of phosphate fertilizer for the growth of
corn.
American Cyanamid Company
New York, New York
Studies on the chemical control of Hessian fly.
American Cyanamid Company
.
.
To study the herbicidal activity of ammo trlazole on certain woody species of undesirable
plants and the control of weeds in field crops.
American Cyanamid Company
Weed control in orchards.
American Cyanamid Company
Investigations involving fungicides for the control of apple and grape diseases.

National Science Foundation
Washington , D. C.
The isolation and identificatio n of unrecognize d
nutrients required by the guinea pig.
National Science Foundation
Constructio n of an animal calorimeter for determination of heat losses by radiation, conduction, convection, and evaporation .
National Science Foundation
For special equipment.
National Science Foundation
A study of the mutational behavior of some
especially well suited mutable alleles for the
purpose of learning more about the gene.
National Science Foundation
Experiment al genetic studies.
U. S. Public Health Service
Bethesda, Maryland
Comparativ e study of spermatozo a and ova of
same species and from different levels of reproductive tract.
U. S. Public Health Service
The effect of maternal nutrition on the developing embryo.
U. S. Public Health Service
To determine if estrogenic activity is necessary
for the growth stimulating property of stilbesterol and hexesterol in beef cattle and lambs.
U. S. Public Health Service
Endocrinolo gy of mammary .gland growth and
lactation.
U. S. Public Health Service

Mammary gland growth promoting hormones
of the anterior pituitary gland.
U. S. Public Health Service
Investigatio n of the effects of ambient temperature (45 ° and 83° F) on rate of aging in rats.
U. S. Public Health Service
Human factors related to farm accidents in Missoun
U. S. Public Health Service
Epidemiolo gic aspects of leptospirosi s including immunolog ic, clinical, and microbiolog ic
factors.
U. S. Department of Agriculture
Animal shelter requiremen ts under controlled
conditions in the climatic laboratory.
U. S. Department of Agriculture
To study effects of selection for low back-fat
thickness on various performance traits and carcass desirability in swine.
U. S. Department of Agriculture
Improveme nt of crops and pastures.
U. S. Department of Agriculture
Evaluate 24 species of wheat for industrial utilization.
U. S. Department of Agriculture
To further research in poultry husbandry
U. S. Department of Agriculture
Study water holding capacities of different soils.
U. S. Department of Commerce
Investigatio ns of the effects of meteorologi cal
and climatological variations on the agriculture
of Missouri.

CHAN GES IN STATION STAFF FOR THE
YEAR ENDI NG JUNE 30, 1960
Appoin tments
Albert D. Addleman, Assistant in Animal Husbandry
Maurice A. Alexander, Assistant in Animal Husbandry
Warren D. Alexander, Assistant in Agricultura l
·E conomics
Carol Barry, Assistant in Home Economics
Patricia Benson, Instructor in Home Economics
I van L. Berry, Assistant in Agricultura l Engineering
Anita Blow, Assistant in Home Economics
Harold Bohling, Assistant in Home Economics

Curtis H. Braschler, Assistant Professor of Agricultural Economics
Leslie H. Breuer, Assistant in Animal Husbandry
Jerry R. Brooks, Assistant in Animal Husbandry
George E. Brown, Assistant in Field Crops
Earl T. Carpenter, Assistant in Agricultura l Economics
Lloyd R Chancellor, Assistant in Poultry Husbandry
Haider Ali Chaudhari, Assistant in Rural Sociology
Bernice W. Christy, Assistant in Home Econom}cs
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Gene Sprecher Cox, Associate Professor of Forestry
Roma Crawford, Instructor in Home Economics
Sam E. Curl, Assistant in Home Economics
William D. Eickhoff, Assistant in Agricultural Economics
Mahlon L. Fairchild, Assistant Professor of Entomology
Robert D. Fenley, Assistant in Agricultural Economtcs
Marion L. Fields, Assistant Professor of Horticulture
Richard W. Frame, Assistant in Animal Husbandry
Maurice R. Gebhardt, Research Associate in Agricultural Engineering
Detroy Green, Assistant in Field Crops
Alvin J. Greenberg, Assistant in Agricultural Economics
David R. Griffith, Assistant in Dairy Husbandry
Ben Charles Hardwick, Assistant in Agricultural
Chemistry
Joseph E. Haught, Assistant in Animal Husbandry
Walter G. Heid, Assistant in Agricultural Economics
Donald C. Huffman, Assistant in Agricultural Econormcs
James L Huggans, Assistant in Entomology
Donald J. Janes, Instructor in Forestry
Bryan McCoy Jones, Assistant in Horticulture
Thomas E. Jordan, Jr., Instructor in Forestry
Melvin R. Karr, Assistant in Animal Husbandry
Bever! y Ann Kluge, Assistant in Home Economics
and Poultry Husbandry
John M. Laflin, Assistant in Agricultural Engineering
Virgil Wayne Lane, Assistant in Rural Sociology
Peter ). Loesch, Research Associate in Field Crops
Frederick L. Mann, Assistant Professor of Agricultural Economics
Jack E. Martin, Assistant in Animal Husbandry
Theodore H. Meredith, Assistant in Forestry
Frank D. Miller, Assistant in Agricultural Economics
William G. Moody, Assistant in Animal Husbandry

Robert A. Ralston, Research Associate in Forestry
Gurjal M. Reddy, Assistant in Field Crops
William N. Reynolds, Assistant in Agricultural
Engineering
Frank E. Romack, Assistant in Animal Husbandry
Armando Rosales, Assistant in Poultry Husbandry
Ray R. Rothenberger, Assistant in Horticulture
L. D. Schnake, A,ssistant in Field Crops
Walter E. Seideman, Assistant in Poultry Husbandry
William T. Semago, Assistant in Forestry
William H. Shaffer, Jr., Assistant in Horticulture
Martin S. Stauber, Jr., Assistant in Agricultural Economics
Waldo S. Steen, Fertilizer Inspector
W _ C. Stringer, Assistant in Animal Husbandry
Willard S. Summers, Associate Professor of Horticulture
Lawrence Taber, Assistant in Agricultural Research
Robert A. Tempel, Assistant in Station Laboratories
Howard J. Turner, Assistant in Rural Sociology
Howard D. Utter, Assistant in Agricultural Economics
Melvin R. Williams, Assistant in Soils
Keith Zoellner, Assistant in Animal Husbandry
Donald K. McCool, Assistant in Agricultural Engineering
E. A. McGinnes, Jr., Associate Professor of Forestry
Elmer L. Nichols, Assistant in Poultry Husbandry
Donald R. Nicholson, Assistant in Agricultural
Economics
Masasuke Okamoto, Instructor in Field Crops
Marvin W. Parker, Assistant in Agricultural Engineering
Virendra Patel, Assistant in Veterinary Bacteriology
and Parasitology
B. W. Premachandra, Assistant Professor of Dairy
Husbandry
Donald L. Pugh, Assistant in Animal Husbandry

Resignations
William A. Albrecht, Professor of Soils (retired)
Warren D. Alexander, Assistant in Agricultural
Economics
Arthur D. Allen, Assistant Professor of Veterinary
Physiology and Pharmacology
Carrol Barry, Assistant in Home Economics
Robert F. Becker, Assistant in Horticulture
Burton F. J. Cargill, Instructor in Agricultural Engineering
Edward]. Carroll, Instructor in Agricultural Chemistry
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). .Thorton Colburn, Assistant in Poultry Husbandry
Wayne S. Colburn, Assistant in Animal Husbandry
R. Bruce Curry, Instructor in Agricultural Engineering
Arthur V. Davis, Assistant in Dairy Husbandry
Alvin Donoho, Assistant in Agricultural Chemistry
John D. Edwards, Assistant in Horticulture
William D. Eickhoff, Assistant in Agricultural Economics
William C. Ellis, Assistant Professor of Animal Husbandry

Noralee Pharis Faulkner, Instructor in Home Economics
Richard W. Fenwick, Assistant in Soils
Benjamin H. Frame, Professor of Agricultura l Economics
Taylor Hendrickso n, Assistant in Agricultura l Economics
Teddy Omar Hodges, Associate Professor of Agricultural Engineering
Joseph T. Howard, Assistant in Rural Sociology
Melvin R. Johnston, Associate Professor of Horti·
culture
Franklin G. Liming, Research Associate in Forestry
Naomi E. Liming, Assistant in Home Economics
John B. Lower, Assistant in Horticultur e
John Massey, Assistant in Animal Husbandry
Jimmy Matthews, Assistant in Agricultur al Economics
Richard C. Maxon, Instructor in Agricultura l Economics
Richard C. Moon, Research Associate in Dairy Hus·
bandry
James L. McBee, Assistant in Animal Husbandry
Robert E. McDermott , Associate Professor of For·
estry

Helen F. McHugh, Assistant in Agricultura l Economics
Donald R. Nicholson, Assistant in Agricultura l Economics
Robert G. Parks, Assistant in Director's Office, Agriculture, General Station Service
Arthur Dean Partridge, Research Associate in Forestry
Donald L. Pfost, Assistant in Agricultura l Engineering
B. W. Premachand ra, Assistant Professor of Dairy
Husbandry
James E. Pulley, Assistant in Agricultura l Chemistry
Rhule B. Sleeth, Instructor in Animal Husbandry
Ernest T. Smerdon, Instructor in Agricultura l Engineering
J. N. Smith, Instructor in Agricultura l Economics
Gordon A. Stewart, Assistant in Dairy Husbandry
John D. Volk, Assistant in Animal Husbandry
John H. Walker, Assistant in Agricultura l Economics
Nancy Lee Webb, Assistant in Home Economics
Neil B. Webb, Assistant in Animal Husbandry
Charles E. Webster, Assistant in Animal Husbandry
Roy J. Wilson, Assistant in Dairy Husbandry
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Statement of Agricultural Experiment Station
FOR

TI-l~ Y~AR ~ND~D JUN~

Federal APPropriations
Hatch Act As
Regional
Amended
Research
Fund

Agricultural
Marketing
Act

$6461 350 00

$26,000.00

State
APpropriations

Receipts from the United States
Treasury, Appropriation for
the Fiscal Year Ended June

30, 1960

o

$121,868.83

Receipts from State Appropriatians for the Fiscal Year
Ended June 30, 1960

Salaries and Wages
Traveling Expense
Transportation of Things
Communication Service
Rents and Utility Service
Publication and Printing
Repairs and Replacements
Supplies and Materials
Land, Buildings and Equipment
Other

$646' 350. 00
$589,463.53
5,781.50
117. 32
167.23
531.69
1,090.80
3,937.59
40,952.89
4,283.97
23.48
$646,350.00

Excess of Income over
Expenditures

$121,868.83
$ 95,832.21
7,223.44
35.52
140.93
112.23
26.64
2,433.08
9,866.77
1, 791.04
3,466,97
$120,928.83

---

Transfer for Improvement and
Replacement of Physical
Properties
Excess of Income over Expenditures and Transfers
Balance, July I, 1959
Intra-fund Transfers
Balance, June 30, 1960

Fertilizer
Fees

Station
Sales

$1, 105,084.84

Cash Receipts for the Fiscal
Year Ended June 30, 1960
Total Receipts

30, 1960

$

-----------

$21,869.65
500.22

-119.09

--359.50
3,115 . 44
36.10

-$26,000.00

~1,

105,084.84
$ 702,397.82
55,492.51
2,131.06
6,759.12
32,533.78
32,750.59
77,887.45
123,880.68
67,578.47
3,673.36
$1,105,084.84

940.00

---

---

---

-----

---------

940.00

$

~26,000.00

---

---

-----

940.00

---

---

Station
Grants

Working
Caoital

Total

----

----

$ 794,218.83

----

----

$1,105,084.84

----

$1,468,908.88

----

~3,368,212,5,2

$261,036.80
~261 ,036 .80
$139,430.22
19,701.71
226.44
1,026.17
2,727.08
6,215.26
7,968.45
40,145.89
4,467.91
1,661.33
$223,570.46

$478,060.29
$478 060.29
$113,926.98
14,127.26
899.33
26,697.17
14,970.17
12,601.86
74,453.59
103,252.76
34,844.54
65,043.30
$460,816.86

$729,811.79
P29,811,79
$273,582.99
64,551.32
9,994.82
1,959.04
2,378.64
2,714.16
94,226.71
89,619.16
102,814.73
4,040.29
~45,881.86

~3,228,632.95

$ 37,466.34

$ 17,243.22

$ 83,929.93

$ 139,579.60

--$ 37,466.34
11,322.27

--$ 48,788.61

$1,936,503.40
167,377.96
13,404.49
36,868.75
53,253.59
55,399.31
261,266,37
410,833.59
215,816.76
77,908,73

$ 50,810.00
$ 33,566.67
114,907.50
2,572.29
$ 83,913.12

50,810.00

$ 83.929.93
245,240 . 33
$329,170.26

---

88,769.60
521,470.10
2,572.29
$150,000.00 - $ 612,811.99
150,000.00

$

