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INTRODUCTION 
This brochure is a brief outline of the organi

zation of the University of Missouri Division of 
Agricultural Sciences: The College of Agriculture 
and its sub-divisions, and the School of Veterinary 
Medicine. A statement of some of the accomplish
ments of the CoJlege and their estimated values to 
Missouri agriculture is included. Charts show the 
rotal income to individuals of aJl the states, value 
of agricultural products for all states, the position 
of Missouri with reference to state appropriations 
for support of Missouri's Agricultural Experiment 
Station, (research) and average salaries of county 
agricultural extension agents. 

It is hoped that this report will inform Mis
souri citizens of the work which the College of Ag
riculture is doing to ass ist in the development of 
Missouri's greatest industry, Agriculture. Some of 
the problems and financial needs for this program 
also are stated. It is indeed a privilege to serve 
Missouri's agriculture. We believe that an en
lightened farm people will actively support wise 
research and extension programs. Advisory Council 
members are now developing a plan to carryon 
this work until 1964. 
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Research-For Better 

Farm Living 

Report of the 

UNIVERSITY OF MISSOURI 
DIVISION OF AGRICULTURAL SCIENCES 

The Division of Agricultural St:iences of the 
University of Missouri include: 

1. College of Agriculture with its three sub-
divisions: 

Experiment Station 
Resident Teaching 
Extension Service 

2. School of Veterinary Medicine. 

COLLEGE OF AGRICULTURE 
The research, teaching, and extension programs 

of the College of Agriculture are carried on through 
the thirteen departments: 

Agricultural Chemistry 
Agricultural Economics 
Agricultural Engineering 
Animal Husbandry 
Dairy Husbandry 
Entomology 
Field Crops 
Forestry 
Home Economics 
Horticulture 
Poultry 
Rural Sociology 
Soils 

Research in Botany, Plant Pathology and Veteri
nary Medicine is included in the Experiment Station 
program. 

Research and resident teaching programs are 
carried on by the resident staff. The distribution of 
time of resident staff members varies from full-time 
research to full-time teaching, with many combina
tions between these extremes. On the average, about 
o~e-half of the time of the resident staff is occupied 
wIth research and one-half with teaching. The salary 
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of each staff member is paid from funds budgeted for 
research and for teaching in proportion to the distri
bution of time between these two activities. Exten
sion staff members devote all their time to the exten
sion program and receive all their salary from funds 
allocated to the Extension Service. Resident staff 
membets occasionally assist with the extension pro
gram and extension staff members sometimes help 
with the resident teaching or research programs. 

SCHOOL OF VETERIN AR Y MEDICINE 
The school of Veterinary Medicine includes five 

departments: 
Anatomy and Histology 
Bacteriology and Parasitology 
Pathology 
Physiology and Pharmacology 

. Surgery and Medicine 
Several staff members divide their time between 

resident teaching and research. The staff of this school 
also assists with the extension program when the oc
casion demands. 

The Veterinary staff also teaches several courses 
which are open only to students in the College of 
Agriculture. 

AGRICULTURAL EXPERIMENT STATION 
The research program of the Experiment Station 

is basic to the resident teaching and extension pro
grams. No substantial amount of agricultural informa
tion was available unti11888 when the Experiment 
Station was organized and conducting a number of 
investigations that provided information which was 
available to farmers. The Extension Service was or
ganized in 1914, to provide an effective means of get
ting the information to farmers. 
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Research may be divided generally into two broad 
classes. The first is known as basic or fundamental 
research and consists of investigation which will dis
cover new knowledge. The second class makes use of 
the knowledge previously accumulated, through basic 
research, to solve practical problems and is known as 
applied research. This kind of research leads to im
mediate economic rewards, often quite spectacular. 

The larger part of the program of the Experiment 
Station involves applied research, but at times the re
search worker must conduct investigations to discover 
basic principles before the applied research can pro
ceed. The application on Misouri farms of information 
developed by the research program of the University 
of Missouri Agricultural Experiment Station has in
creased farm income tremendously. Still greater in
come increases are quite possible if the information 
will be applied on more farms. 

Research Is an Investment 
Agricultural research is an investment, not an 

expense. Agricultural research creates new wealth, 
new industries, new jobs and new products. It pays 
its own way many times over, not only to farmers but 
to the whole state community. A few examples will 
show that research yields monetary returns worth 
many times the cost. Agricultural research raises both 
the quantity and quality of farm products, thereby 
improving the living standard of all our people. Large 
industrial concerns consider research to be the life
blood of their business. Since at least sixty percent of 
the income received by Missourians is from agricul
ture or agriculture-related industry, is it not clear that 
the people of Missouri have a vital interest in advanc
ing agricultural research? 

In the pages that follow many illustrations of the 
i~portance of investment in agricultural research are 
given. 

Agricultural research has been barely holding its 
own in monetary expenditures while industrial re
search has steadily marched forward. Why? Because 
industry's research and development programs have 
yielded products which, though unknown twenty 
years ago, today make up over fifty percent of their 
sales. Research is vital to industry's existence, Agri
cultural research, though utilized to a much less de
gree, has made possible a similar growth in agricul
ture. Fifty years ago one farm worker produced 
enough for himself and seven others; today he pro
duces enough for himself and fourteen others, thereby 
freeing the fourteen other for industrial pursuits. This 
is the basis for the high standard of living now enjoy
ed by Americans. 
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Research Increases Farm Income 
Agricultural research, by increasing productivity 

and cutting losses from insects and diseases, has made 
possible a greatly increased Missouri farm income. 
The increased returns resulting from one or two of the 
best Missouri Agricultural Experiment Station re
search projects easily made up for all the State money 
spent on research since the inception of the Experi
ment Station program in 1888. Clearly agricultural 
research has never cost the people of Missouri a penny. 
In fact, the increase in farm income that can be as
signed to increased productivity from research will 
yield more in tax revenue than the total appropriation 
for agricultural research. Agricultural research creates 
new wealth, new industries, new jobs, and new pro
ducts for consumer health and enjoyment. 

The "wonder drugs" penicillin, aureomycin, 
chloromycetin, streptomycin, and terramycin are ex
amples of the products of agricultural research. There
fore, it is obvious that farmers are not alone the bene
factors of agricultural research. This is truly a sound 
investment. 

Specifically, Missourians have appropriated 
$3,012,723 for expenditure by the Agricultural Experi
ment Station since it was organized under provisions 
of the Hatch Act in 1888. Federal funds have provided 
an additional $5,194,995. Funds other than those 
appropriated from state or federal sources have pro
vided $5,686,819. These figures give a total of $13, 
894,538 that has been expended by the Missouri Agri
cultural Experiment Station for research. This sum 
compares to an estimated $1,250,000,000 income to 
Missouri farmers during the last 21 years from results 
of one research project-the development of Lesped-
eza. 

Other projects are almost as spectacular. Hybrid 
seed corn has added more than 500 million bushels to 
Missouri corn harvests. Soybeans, at first unpopular in 
Missouri, now add $100 million to the state's farm 
income in favorable seasons. Fertilizers have doubled 
yield in numerous instances. The amount of feed re
quired to fatten animals has been halved. Researchers 
say that possible discoveries in rumenology may re
volutionize cattle and sheep feeding. 

Expenditures for agricultural research clearly are 
an investment that brings huge returns. The following 
history of the station reveals that other states are tak
ing fuller advantage of this investment opportunity. 

Missouri Station History 
During the early years when all experiment sta

tions were equally endowed by federal funds, the Mis-
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souri station ranked favorably in funds for agricul
tural research. June 30, 1901, the Missouri General 
Assembly appropriated its first state grant of $3,500 
to the Agricultural Experiment Station. In 1909 the 
State Board of Agriculture reported: "Missouri has 
not been as liberal with its College of Agriculture as 
it should have been. The last Illinois legislature ap
propriated nearly four times as much money for its 
College of Agriculture as Missouri has given hers 
since it was formed." 

Dean F. B. Mumford, commenting on the tur
bulent infancy of the College in his "History of the 
College of Agriculture," stated: "The kind of college 
of agriculture demanded by the public could not be 
realized with funds available." He added, "As a result 
of the work of the Experiment Station and the rapid 
improvement in the practical instruction offered by 
the College, the attitude of farmers, generally, toward 
the institution was greatly improved." Dean Mumford 
was writing of the period 1909-10. It was during this 
period that Missourians began to take cognizance of 
the value of research to its greatest industry, agricul
ture. 

It was about this time that they began to fully 
realize the vision of our forefathers when they passed 
the first Morrill or Land Grant College act of 1862. 
First the colleges were created for the express purpose 
of training young men and young women for practical 
phases of life, colleges that were to be open to all 
people who desired to seek knowledge. For the first 
time in history many who worked with their hands, 
people with little cash income, were able to obtain 
an education. A new, a democratized system of higher 
learning had come into being. 

Source of New Knowledge Is Born 

Being new, these Land Grant colleges experi
enced growing pains. The first great need of the col
leges was for subject matter for a course in agriculture. 
Thus the agricultural experiment stations were initi
ated by Act of Congress in 1887. 

The Missouri General Assembly accepted the 
provisions of the act in 1888, making possible the ac
quiring of competently trained scientists who were 
willing and eager to devote their energy to solving 
problems of every day life. New knowledge produced 
by this group served as a basis for courses in resident 
teaching. 

No job in research is done until the facts are put 
to work by potential users in practical living. This 
pointed to another great need-a means to dissemi
nate the new knowledge to farmers. In 1914 Congress 
passed the Smith-Lever Act establishing the Agricul
tural Extension Service and completing the linkage 
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in the chain of education. The job of the Extension 
Service was to bring the University's knowledge to 
the citizen. Thus the American research and education 
system provides for pursuit of new knowledge by all 
citizens; both those who attend college and those who 
do not. 

It is through this system of constant search for 
new facts, the prompt and wide dissemination of these 
facts , and the application of the facts by American 
farmers that our efficiency as producers of agricultural 
products is attained. In 1790, the efforts of 95 farm 
people were required to feed 5 city cousins. Today the 
effort of 16 farm people provides the raw materials 
required to feed, shelter, and clothe 84 city dwellers. 
Had our forefathers not established a system for dis
covery (research) and dissemination (resident and ex
tension teaching) of new knowledge, Americans 
might be far short of their present standard of living. 

Missouri Leads the Way 
Solving problems of importance to all agricul

tural interests of the state always has been an objective 
of the Missouri Experiment Station. The vision of its 
directors has been broad and inspired. In 1908 Dean 
Waters recognized the potential of catching water 
run-off in farm ponds and utilizing it to ease droughts 
in crop production for livestock water supply. The 
Experiment Station had the responsibility of develop
ing the technical knowledge necessary to put water 
storage construction on a practical basis. This has 
been accomplished. The use of stored water to supple
ment rainfall in growing crops is now being studied. 

As head of the soils department in 1917, Dean 
M. F. Miller designed experiments under field con
ditions which determined for the first time the real 
losses of soil by erosion. Discoveries in this important 
investigation later led the federal government to 
undertake a vast program of soil conservation through
out the United States. 

Missouri's Agricultural Experiment Station is 
charged with the task of supplying farmers with the 
knowledge needed for the most economical and effici
ent methods of improving their soil, selecting seed, 
planting, preventing plant and animal diseases, and 
feeding livestock. This knowledge is made widely 
available by Station field days, 114 county agents and 
the press. At present, Station personnel are pursuing 
more than 170 investigations. Annual costs of these 
tasks total a little more than $900,000. 

Comparing Missouri's agricultural worth and in
vestments with other states, Missouri ranked sixth 
in cash value of farm products in 1951. The State's 
total receipts of $1,263,334,000 ranked it fourth among 

souri station ranked favorably in funds for agricul
tural research. June 30, 1901, the Missouri General 
Assembly appropriated its first state grant of $3,500 
to the Agricultural Experiment Station. In 1909 the 
State Board of Agriculture reported: "Missouri has 
not been as liberal with its College of Agriculture as 
it should have been. The last Illinois legislature ap
propriated nearly four times as much money for its 
College of Agriculture as Missouri has given hers 
since it was formed." 

Dean F. B. Mumford, commenting on the tur
bulent infancy of the College in his "History of the 
College of Agriculture," stated: "The kind of college 
of agriculture demanded by the public could not be 
realized with funds available." He added, "As a result 
of the work of the Experiment Station and the rapid 
improvement in the practical instruction offered by 
the College, the attitude of farmers, generally, toward 
the institution was greatly improved." Dean Mumford 
was writing of the period 1909-10. It was during this 
period that Missourians began to take cognizance of 
the value of research to its greatest industry, agricul
ture. 

It was about this time that they began to fully 
realize the vision of our forefathers when they passed 
the first Morrill or Land Grant College act of 1862. 
First the colleges were created for the express purpose 
of training young men and young women for practical 
phases of life, colleges that were to be open to all 
people who desired to seek knowledge. For the first 
time in history many who worked with their hands, 
people with little cash income, were able to obtain 
an education. A new, a democratized system of higher 
learning had come into being. 

Source of New Knowledge Is Born 

Being new, these Land Grant colleges experi
enced growing pains. The first great need of the col
leges was for subject matter for a course in agriculture. 
Thus the agricultural experiment stations were initi
ated by Act of Congress in 1887. 

The Missouri General Assembly accepted the 
provisions of the act in 1888, making possible the ac
quiring of competently trained scientists who were 
willing and eager to devote their energy to solving 
problems of every day life. New knowledge produced 
by this group served as a basis for courses in resident 
teaching. 

No job in research is done until the facts are put 
to work by potential users in practical living. This 
pointed to another great need-a means to dissemi
nate the new knowledge to farmers. In 1914 Congress 
passed the Smith-Lever Act establishing the Agricul
tural Extension Service and completing the linkage 

-5-

in the chain of education. The job of the Extension 
Service was to bring the University's knowledge to 
the citizen. Thus the American research and education 
system provides for pursuit of new knowledge by all 
citizens; both those who attend college and those who 
do not. 

It is through this system of constant search for 
new facts, the prompt and wide dissemination of these 
facts , and the application of the facts by American 
farmers that our efficiency as producers of agricultural 
products is attained. In 1790, the efforts of 95 farm 
people were required to feed 5 city cousins. Today the 
effort of 16 farm people provides the raw materials 
required to feed, shelter, and clothe 84 city dwellers. 
Had our forefathers not established a system for dis
covery (research) and dissemination (resident and ex
tension teaching) of new knowledge, Americans 
might be far short of their present standard of living. 

Missouri Leads the Way 
Solving problems of importance to all agricul

tural interests of the state always has been an objective 
of the Missouri Experiment Station. The vision of its 
directors has been broad and inspired. In 1908 Dean 
Waters recognized the potential of catching water 
run-off in farm ponds and utilizing it to ease droughts 
in crop production for livestock water supply. The 
Experiment Station had the responsibility of develop
ing the technical knowledge necessary to put water 
storage construction on a practical basis. This has 
been accomplished. The use of stored water to supple
ment rainfall in growing crops is now being studied. 

As head of the soils department in 1917, Dean 
M. F. Miller designed experiments under field con
ditions which determined for the first time the real 
losses of soil by erosion. Discoveries in this important 
investigation later led the federal government to 
undertake a vast program of soil conservation through
out the United States. 

Missouri's Agricultural Experiment Station is 
charged with the task of supplying farmers with the 
knowledge needed for the most economical and effici
ent methods of improving their soil, selecting seed, 
planting, preventing plant and animal diseases, and 
feeding livestock. This knowledge is made widely 
available by Station field days, 114 county agents and 
the press. At present, Station personnel are pursuing 
more than 170 investigations. Annual costs of these 
tasks total a little more than $900,000. 

Comparing Missouri's agricultural worth and in
vestments with other states, Missouri ranked sixth 
in cash value of farm products in 1951. The State's 
total receipts of $1,263,334,000 ranked it fourth among 



the midwestern states. In total income received by all 
individuals, Missouri ranked 11th in 1952, receiving 
.$6,420,000,000. 

Ranks Low in Research Funds 
While Missouri ranks high in volume of agri

cultural business, the state invests comparatively little 
in the future of this business. Missouri ranked 23rd 
among the 48 states in funds available for agricultural 
research in 1952, and more than half of this amount 
came from endowments, grants, sales and fees. In 
state appropriations, Missouri ranks 41st, appropria
ting $238,041.61 in 1951 for agricultural research. 
State legislators in 14 states appropriated in excess of 
$1,000,000 for research in 1951. To take her place as 
sixth in state appropriations for agricultural research, 
the Missouri Legislature would need to provide 
$1,500,000 annually for this purpose. 

Misouri also ranks 41st in average salaries paid 
to county agents. The average in this state is $4,444 
per year, compared with the national average of 
$5,130. Yet Missouri's agents are recognized inter
nationally as doing an excellent job. 

It is hoped that these comparisons will cause 
Missourians to help the College of Agriculture achieve 
the following goals first recommended in 1929: 

(A) Salaries for key men comparable with sala
ries in similar institutions. 

(B) Recognition of the longer (11 months) ser
vice in the College of Agriculture, compared to the 
usual 9 months term of the University. 

(C) Building space adequate for the teaching 
and research needs of a greatly increased student en
rollment. 

(D) Larger state appropriation for the Agricul
tural Experiment Station. 

An enrollment surpassing the 2,200 peak follow
ing World War II is anticipated for the biennium 
1959-61. If this estimate is correct, it is essential that 
we build the buildings and train the staff now. Present 
enrollment. is 1,420, ranking the college sixth among 
agricultural colleges in number of students. 

Agriculture is America's only renewable resource. 
It ~llPplies the vast agricultural industry with a con
stan~ _~ow of raW' materials to be processed ifl:to food, 
clothing and shelter. Agriculture no longer stops at 
the farm boundary. Extensive transporting, market-
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ing, processing, and storage facilities have been devel
oped to serve agriculture. Research has made possible 
this agricultural production-industry team. 

Planning 10-Year Program 
The College of Agriculture Advisory Council and 

staff are working out a lO-year program for the Col
lege. Much is expected from this effort. 

The increasingly complex "business of farming" 
that is being carried on by a continually decreasing 
part of the total population demands answers to a 
greater variety of problems than ever before. These 
answers are obtained principally through the research 
programs of agricultural experiment stations. 

This report includes information regarding the 
work of the University of Missouri Division of Agri
cultural Sciences, with emphasis on the value to Mis
souri farmers of some of the results obtained from the 
research program of the Agricultural Experiment 
Station. 

The Agricultural Experiment Station was organ
ized and began operating in 1888. The total cost of 
operating the station from that date through June 30, 
1953, is shown in the following table. 

Funds from federal sources ........ $5,194,995.56 
Funds appropriated by Missouri 

Legislature .. ... ... . .. .. ...... 3,012,723.52 
Funds from other sources (grants, sales, endow-

ments, fertilizer fees, etc.) ...... 5,686,819.27 
Total 13,894,538.35 

Around $5,126,000 or 37 percent of the total has 
been spent during the last 10 years. 

These are substantial sums of money. They are 
not outright expenditures that bring no return. The 
increased incomes obtained from the sale of greater 
production by Missouri farmers who used the informa
tion and materials developed by the research show a 
high rate of return from the money spent on research. 

Farmers demand the knowledge and materials 
obtained by research on a steadily widening front. 
The research program of the Experiment Station must 
be extended in scope and accelerated in rate to meet 
these demands. 

Costs of conducting research are considerably 
higher than they were in past years. These higher costs 
and the demand for expanded research require con
siderable increases in funds available for this purpose. 
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ing, processing, and storage facilities have been devel
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this agricultural production-industry team. 

Planning 10-Year Program 
The College of Agriculture Advisory Council and 

staff are working out a lO-year program for the Col
lege. Much is expected from this effort. 

The increasingly complex "business of farming" 
that is being carried on by a continually decreasing 
part of the total population demands answers to a 
greater variety of problems than ever before. These 
answers are obtained principally through the research 
programs of agricultural experiment stations. 

This report includes information regarding the 
work of the University of Missouri Division of Agri
cultural Sciences, with emphasis on the value to Mis
souri farmers of some of the results obtained from the 
research program of the Agricultural Experiment 
Station. 

The Agricultural Experiment Station was organ
ized and began operating in 1888. The total cost of 
operating the station from that date through June 30, 
1953, is shown in the following table. 

Funds from federal sources ........ $5,194,995.56 
Funds appropriated by Missouri 

Legislature .. ... ... . .. .. ...... 3,012,723.52 
Funds from other sources (grants, sales, endow-

ments, fertilizer fees, etc.) ...... 5,686,819.27 
Total 13,894,538.35 

Around $5,126,000 or 37 percent of the total has 
been spent during the last 10 years. 

These are substantial sums of money. They are 
not outright expenditures that bring no return. The 
increased incomes obtained from the sale of greater 
production by Missouri farmers who used the informa
tion and materials developed by the research show a 
high rate of return from the money spent on research. 

Farmers demand the knowledge and materials 
obtained by research on a steadily widening front. 
The research program of the Experiment Station must 
be extended in scope and accelerated in rate to meet 
these demands. 
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University of Missouri Foremost Guernsey Farm, 
home of the University's 2BO- head purebred G uernsey 
herd. The farm and herd were g iven to the University 
by J. C. Penney for improvement of Guernsey breeding 

cattle of the state. The farmstead represents an idea l lay
out for maxi mum efficiency in dairy herd management. 
Visitors are welcome to stop in when passing through 
Columbia. 

MISSOURI INCOME AND INVESTMENTS IN RESEARCH COMPARED WITH OTHER 
MID - WEST STATES 

Cash Value State Total Funds Avg. sal- Total Income 
Farm Products Appropriations Available for ary for received by 

1951 1951 Exp. Sta. Co. Agt. Individuals 
States ($000) ($ ) ($ ) ($) ($000) 

Iowa 2,456,031 1,080,000.00 2,572,684.14 5271 4,087,000 

Illinois 2,109,121 1,510,468.68 2,438,251.27 5979 17,681,000 

Minnesota 1,362,137 1,412,843.83 2,368,668.17 5051 4,505,000 

MISSOURI 1,263,334 238,041.61 1,256,069.41 4444 6,420,000 

Nebraska 1,202,721 567,685.44 1,385,962.23 4820 2,147,000 

Wisconsin 1,202,095 1,448,547.00 2,869,169.02 5112 5,837,000 

Indiana 1,201,849 979,042.50 2,289,552.95 5210 .6,917,000 

Ohio 1,152,400 1,211,844.12 1,867,630.25 5133 15,378,000 

Kansas 1,100,670 805,5'70.00 1,369,370.05 4745 3,400,000 

Michigan 785,847 1,048,245.49 1,686,882.64 5566 12,172,000 

Arkansas 644,470 361,236.45 903,566.24 4607 1,785,000 
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Lespedeza. • • Missouri's Leading 

From this first m ass planting of Korean Lespedeza 
(left) in 1926 at the University Experiment Station, came 
a legume that has been established on 10,000,000 Missouri 
farm acres . It brings more than $90,000,000 annua ll y to 

LEGUM 

farmers of the State. Many producers seed small grain in 
Lespedeza, harvest a grain crop, then let catri e, like the 
Jerseys at right, harvest the legume. Lespedeza is at its best 
when other pastures are dry. 

AN IMMIGRANT TO MISSOURI 

W. C. ETH ERIDGE, C. A. HELM, AND M. S. OFFUTT 1 

Fro m two o un ces of seed obtained by the Mis
souri Agricultural Experiment Station from the U. S. 
Department o f Ag ri culture in 1921, Lespedeza has 
now spread to 10 million acres, or nearl y one-third 
of Missouri's total farmland. No other legume grown 
in Missouri approaches Lespedeza in total acreage. 

Althoug h several species of Lespedeza are found 
growing wi ld over much of Missouri, the twO species 
of major eco nomi c importance, common Lespedeza 
(Lespedeza striata) and Korean Lespedeza (Lespedeza 
stipulacea), were introduced from the Orient. 

The first record of Iespedeza in this country was 
that of common Lespedeza, first called Japan clover, 
which appeared in 1846 at Monticello, Ga. Presum
ably it first came to this country through the sea port 
of Charleston, S. c., in tea packing from the Orient. 
From the re the plant spread rapidly through the 
Sourh. This Japan clover is thought to have reached 
Missouri during the Civi l War, entering in forage 
carried by sou thern trou ps for their horses. Kobe, a 
large variety of common Lespedeza, was introduced 
in 1919 from Kobe, Japan, by]. B. Norton, a U. S. 
Department of Agriculture explorer. 

Korean Lespedeza arrived in the United States 
in 1917 as an introduction from Korea. This intro
duction , named Korean Lespedeza, was destined to 

beco me widely used in th e lower half of the Corn 
Belt and in much of the Cotton Belt. 

Dr. Ralph Mills, an American Medical Mission
ary in Seoul , Korea, found Korea n Lespedeza at the 
edge of a salt marsh along a cove of the Yellow Sea, 
near Seoul, in 1916. One of these plants he sent to the 
U. S. Department of Agriculture in 1917. At this point 
an oversight alm ost OSt this country the di scovery 
of a valuable crop, because the plant was labe led by 
wo rkers in the departme nt as "alfalfa" and as such 
remained practi ca ll y unnoti ced in the departmental 
co llec tion for two years. 

In 1919, A. J. Pieters of the department observed 
the specim en and discovered that it had bee n mi s
labeled. Dr. Pi eters removed the seed from this plant 
and planted it at the Arlington, Virginia experimental 
grounds in 1920. After the 1921 season enough seed 
was available to distribute a two ounce packet to each 
of the half-dozen experimental stations. 

The Missouri Agricultural Experiment Station 
received one of the two ounce packets in the fall of 
1921 , and it was planted the following spring on the 
site where Crowder Ha ll now stands. It did surpris
ingly well, making excellent gtowth, and a heavy seed 
crop was harvested in th e fall of 1922. The nex t 
spring the plot was green with volunteer seedlings. 

'E. Marion Brown and Joe D . Baldridge have been unriring researchers in the uses and improvements of the lespedeza cr p. 
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Interest in the new crop mounted quickly as its pos
sibilities were envisioned. Korean had much to offer 
over the old Common or Japan clover. It grew taller, 
making a more dependable and more productive hay 
crop. It was superior in setting seed and the seed crop 
was earlier to mature and easier to harvest. Further
more, it was easier to establish, quicker to come into 
production, and somewhat more hardy in drouth 
periods. It was Korean that made practicable the one
year rotation of small grain and Lespedeza. 

Under the direction of Field Crops Chairman, 
W . C. Etheridge and Field Crops Professor, C. A. 
Helm, Korean Lespedeza became the subject of many 
carefully planned experiments covering the essential 
phases of its production, management, and utiliza
tion. The results of these experiments confirmed the 
belief of the investigators that the Far Eastern legume 
had possibilities for widespread use on Missouri 
farms. 

The time had now arrived for multiplication of 
seed and distribution to farmers. 

In the winter of 1927 seed was sent in 5-pound 
lots to 30 Missouri farmers who had been recom
mended by county agents. Almost without except
tion, reports from the farmers were enthusiastic. Dur
ing the next three years similar lots were distributed 
through county agents and teachers of vocational 
agriculture to farmers in all counties of the State. By 
1930 farmers were able to secure seed from commer
cial sources, and in 1932 nearly one-half million acres 
of Missouri farmland was devoted to this crop. 

Lespedeza Filled A Need 
The full significance of so vast an increase in the 

State's acreage of legumes in so short a time is diffi
cult to grasp. Lespedeza's entrance upon the scene was 
the more dramatic because of desperate problems aris
ing from soil depletion, financial distress, and frequent 
summer drouths. Here, suddenly, was a legume easily 
and cheaply established, reseeding itself, resistant to 
drouth, producing forage at the season of greatest 
need, tolerant of low fertility but responsive to soil 
treatments. And it provided good soil cover, a starter 
of soil improvement, and a key crop in quick turnover 
crop rotations. Here was a legume adapted for pasture, 
for hay, or for seed; adapted for growing in small grain 
stubble, in meadows, in permanent pastures, or in 
short-term pastures. Here was a crop with a variety 
of uses ~ ·'.d with the ability to thrive in a variety of 
situations. Lespedeza wrought a profound change in 
the whole forage productive system of ,Missouri. 

This annual herbaceous legume, Korean Lespe
deza, is especially well adapted to soils of low fertility 
and those inclined to be acid, which are unadapted to 
such crops as red clover and alfalfa. It is particularly 
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good for improving such soils and for utilizing them 
to good advantage. It also does well on the more fer
tile soils. It is upright to spreading in habit of growth 
and lends itself well to use as either hay or pasturage. 
The plant produces a good seed crop. that is easy to 
harvest. 

As a summer hay and pasture crop, Lespedeza 
achieved remarkable popularity. In 1951, for example, 
43 .percent of the hay produced in Missouri was classed 
as lespedeza hay. It is equally important for summer 
grazing. Until the introduction of Lespedeza, Mis
souri farmers had no widely adapted crop that was 
cheap, easy to grow, and in peak production when 
permanent pastures became dormant in July, August, 
and September. During these months livestock gains 
had been small or non-existent, and in some years 
supplementary feed was necessary even to maintain 
the animals. But, with the coming of Lespedeza, a 
great change took place. Lespedeza and a small grain 
seeded together furnished a cash crop or feed crop 
from the small grain and three months of excellent 
pasture from the Lespedeza. And these three months 
coincided almost exactly with the low production 
months of permanent pastures. Also, Lespedeza in 
the aftermath of grass meadows and pastures produced 
grazing in this same period. 

In addition to the timeliness of its growth, Les
pedeza has shown remarkable fattening qualities. In 
fact, year in and year out, no other pasture crop has 
produced the daily rate of gain and the finish of steers 
and lambs that Lespedeza has. Furthermore, no re
ports have been received of bloat. It is a small wonder 
that over three-fourths of Missouri's ten million acres 
of Lespedeza is utilized for pasture. 

PRrnCIPAL STATES GROWrnG LESPEDEZA FOR HAY 
AND SEED 

Rank 
1. Missouri 
2. Tennessee 
3. Kentuclty 

Hay 
1:133-48 
(acres) 

4. North Carolina 

1,281,000 
1,155,000 

686,000 
450,000 

Poor Land Has Future 

Seed 
1938-48 
(acres) 
259,000 
103,000 

83,000 
156,000 

The combined effects of the depression following 
the first world war and the severe drougths in 1934 
and 1936 left Missouri farmers and farmland in a criti
cal condition economically. Land had been mined to 
pay interest and taxes. Fertilizer and lime had been 
used only in very limited amounts. Money was not 
available for costly soil treatments to restore the soil 
to higher productivity. What could be done? To 
answer this question, a research program was initiated 
by the Field Crops and Animal Husbandry Depart
ments. 
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Great strides in increasing forage of Lespedeza 
through p lant breeding are illustrated by comparison of 
a new hybrid ( right) with the original imported strain. 

The results o f t his research are told in the story 
of a farm which was purchased by the University in 
1938. This story described !he causes of decay and the 
means of regeneratio n. T hi s land had never been good 
soil - never had contained the bas ic componen ts of a 
fertility better than medium, and for many years before 
the University'S purchase of the farm a long succes
sion of tenants and share croppers had " picked it to 
the bone." Upon explori ng the field, on ly a natural 
grow th of poor land plants such as tickle grass and 
dwarf plantain were found. Some of the surface was 
raw and barren; much of it was broken by small gul
lies; all of it had bee n badl y was hed. The last year 
it h ad bee n culti vated it had produced a meager 15 
bushels of corn to the acre. Here, then, was a situation 
typical o f hundreds of Missouri farms. 

If this research was to be practicable, cost must 
be guarded. Time and management for natural adjust
m ent were of equ al importa nce wi th money in the 
reviving process. It was here that Lespedeza came into 
its own; for here was a legume made to order for these 
conditions. Since earlier research had shown that Les
pedeza g rew well in a small grain, wheat was pl anted 
with it to g ive the land cover over th e entire year. 
Wheat was seeded each fall with moderate a pplica
tions of fertili zer and the Lespedeza was allowed to 
reseed itself each tim e. Both the w heat and the Les
pedeza were grazed in order to return as much of the 
fertility to the soil as possible, and at the same time 
re ceive maximum returns from the land. The live 
weight ga ins of the cattle averaged approximately 
250 pounds of beef per acre from six months of con
tinuous grazing at the rate of two-thirds of an animal 
unit per acre without supplementary feed. The annual 
cost of producing the pasture feed at that time aver
aged $5.00 per acre, counting all charges that might 
be laid against similar land. Here, then, was 15-bushel
per-acre corn land g iving returns comparable to good 
land under normal co nditions. 

If this land was once impoverished it is no longer 
in that low state. Though not yet good land, it has 
been raised to a condition of moderate productivity 
for small grains and legumes which are to be harvested 
by grazing. Eros ion has been stOpped and gu ll ies 
healed by the all -year protective cover of wheat-Les
pedeza. Special evidence of tota l imptOvement is 
found in the natural growth of bluegrass in the wheat
Lespedeza rotation. 

This farm has been a continuing demonstration 
for many years, vis ited by thousands of M issouri 
farmers who have come to the annual soil s and crops 
field days held at the University farms, as well as by 
hundreds of students attending the Missouri Coll ege 
of Agriculture each year. In this way practical research 
has been presented to farm people, thereby helping 
ro encourage the widespread use of Lespedeza in Mis
soun. 

Continuing Research 

T he widely use I Korean and the less widely used 
common Lespedeza have been call ed var ieti es, but 
actuall y they are not highly bred varieties. They are 
merely multiplications of the or ig inal unselected ma
terial introduced from Asia. Sensing th at th ese var
ieties could be improved, the Missouri Experiment 
Station in cooperation with the U. S. Department of 
Agriculture has sought to develop superior new vari
eties. Much progress has been made in ad justing the 
maturity of the crop to the length of the growing sea
son in different sections of the State. Early maturing, 
med ium maturin g, and late m aturing varieties of 
Lespedeza stipulacea (Korean) and also of Lespedeza 
striata (common) have bee n obtained and can be 
made available to fill demands for varieties of di ffer-

ent maturity. 
In recent years a new breeding problem, namely 

that of disease, has been recognized. Like many other 
newly introduced crops, Lespedeza was relatively free 
from disease at first, bu t as its use increased, diseases 
in creased. This was to be ex pec ted. Bac te ri al wilt
was the first disease ro attract attention in Missouri. 
It was recognized as early as 1937, but not until re-

Here the new and old Lespedeza va ri eti es pictured 
at top of page are contrasted for wilt resistance. The new 
hybr.id (left) shows vigorous regrowth after cutting while 
the old strain has barely recovered. 
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cently has serious study been given to the importance 
of the problem. Ordinary strains of Lespedeza are 
known to be susceptible to the wilt disease, which 
damages them severely under some conditions. In 
tests at the Missouri Experiment Station currently 
grown varieties have been reduced from 30 to 50 per
cent in forage yield, and lowered in quality where wilt 
was severe. Other diseases also are present and await 
thorough study. . 

Continued breeding is needed to safeguard this 
important hay and pasture crop for Missouri farmers. 
A small start has been made toward the breeding of 
wilt resistant varieties. The first step was to find a 
source of resistant material. Scores of different strains 
were obtained from foreign countries as well as those 
that were available here in this country, and were 
carefully screened and tested for their resistance to 
wilt, as well as for their forage quality and yield. A 
few of the strains have shown promise as a source of 
breeding material, but the long process of making 
crosses, selecting, and testing is still ahead. Breeding 
requires large amounts of tedious, time consuming 
hand labor, and large amounts of land and greenhouse 
space. It is costly and little money is available for the 
job. A carefully planned, well supported program of 
research is necessary if disease resistant varieties are 
to be developed in a reasonable length of time. 

In addition to the breeding of new varieties, re
search must continue on the production management 
and utilization of Lespedeza. We must learn better 
grazing practices for maintaining Lespedeza in per
manent pastures. We must learn how Lespedeza is 
adapted for growing with newly introduced grasses, 
such as tall fescue, and how it fits into newly develop
ing practices such as the heavy fertilization of small 
grains and grasses, or the use of weed killing chemi
cals in small grain fields and in weed infested grass
lands. 

"But why," you may ask, "must we fight con
tinually to hold the gains from earlier research?" For 
it often seems that we work long and hard to develop 
a new crop and get it into wide use only to have some 
new pest move in to take it away from us. 

As a matter of fact this is no new thing in human 
experience, nor is it peculiar to field crops research. 
To hold our gains from any enterprise we must rate 
it high, watch it close and work at it hard. The an
cient Greeks had a proverb for it, "For painstaking 
labor on our part the gods sell us all good things." 
The Bible words it: "In the sweat of thy brow shalt 
thou eat bread." 

Lespedeza's Trial Balance 
And in the case of Lespedeza, a simple trial ba

lance (on this crop) to date will show that our invest-
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ment in research with this crop has paid immense 
dividends and still is a rich field for further develop
ment. The U. S. Department of Agriculture has es
timated that the total cost of the discovery and early 
testing of Korean Lespedeza was only $75,000, while 
in Missouri alone, the annual worth of Lespedeza is 
estimated at much more than $90,000,000. In 1952, 
a drought year, especially in South Missouri, $6,000,-
000 worth of seed and 2,000,000 tons of Lespedeza hay 
worth $40,000,000 were harvested. In addition, most 
of the roughage-consuming animals in Missouri re
gularly depend on Lespedeza to furnish much of their 
summer diet. The value of this pasturage is estimated 
to be at least $47,850,000. 

Furthermore, if a value could be placed on the 
soil conserving effects of Lespedeza, a much higher 
figure than the one given above would be in order. 
If we assume that each acre of Lespedeza in Missouri 
fixes 10 pounds of nitrogen annually, and this is pro
bably a low estimate, it would be the equivalent of 
about 150,000 tons of ammonium nitrate, which at 
present prices would cost roughly $12,000,000 or each 
year about 160 times the total cost of discovering and, 
adapting the crop. Lespedeza is an annual crop especi
ally adapted to reseeding itself. When we total the 
annual acreages from 1931 to 1952 inclusive, we find 
that a sum total of 131,395,000 acres of Lespedeza has 
been grown on Missouri farms. Assuming a very low 
value of $10.00 per acre, the total value to Missouri 
farmers of the Lespedeza crop would be in excess of 
one billion dollars. The eleven year average in beef 
production for Lespedeza following small grains is 
103 pounds. Most farmers would value 103 pounds 
of beef at somewhat more than $10.00, once it had 
been converted. 

Lespedeza's Future Threatened 
The history of Missouri agriculture contains no 

development more remarkable than the coming of 
Korean Lespedeza from the other side of the world 
to take a dominant place in the cropping systems of 
the entire State, in a period of only three decades. A 
scant handful of seed in 1921, tested and multiplied 
th~ough scientific procedures and distributed to every 
SOlI type and county, became Missouri's most widely 
grown legume crop by the late 1930's. Truly, the per
formance of Lespedeza in Missouri in the past has 
been remarkable; at present, Lespedeza is still a great 
crop; but the future of Lespedeza well may rest in the 
hands of those who are responsible for the appropria
tion of funds to enable research workers to develop 
new, disease-resistant varieties to meet the ever-in
creasing need. What will the picture of Lespedeza be 
in Missouri 30 years from now? 
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Sanborn Field, established in 1888, now has wider 
soil differences available for study than can be found at 
any other p lace. Many of the leadi ng soil scientists in this 
country learned their fundamental s through studies of 
these plots. 

Soil Research. • • 

The first systematic measurements of soi l and water 
losses in cropping systems were made on these Missouri 
Station plots by Dean M. F. Miller and F. L. Duley in 
1917. They have been widely opied. Results now serve 
as basis for eros ion control throughout the world. 

The Basisfor Abundant Food 

HEY-DAY OF SOD BUSTER OVER 
The great era of soil exploitation has passed. No 

longer is new land available to feed growing popula
tion. We cannot consider our soils as mines with min
erals to be removed. All too long we have taken soil 
for granted and have disregarded the gradual exhaus
tion of soil fertility as an item in COS t of production. 
Agricultural land must be considered as a production 
facility where raw mineral materials (plant nutrients) 
are processed and regu larly replaced in the soil for 
making more finished feed and food products. 

Developments in soil fertility and plant nutrition 
during the past decade have been little short of revo
lutionary. Research information on the nutrient re
quirements of crops, the better understanding of soil 
chemistry, and the production of lower cost fertilizer 
materials have been in a large part responsible for 
changing an era of possible food shortage to one of 
surpluses. 

From another point of view, advancement in soil 
management has almost eliminated the wide differ
ence between rich, virgin soils and depleted land in 
productive capacity in favorable seasons. People living 
on many soil s f low fertility need no longer be held 
down to sub-standard living based on nutrient de
livery of low producing fields. They can enjoy the 
same advantages as neighbors who possess better land. 
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by W. A. Albre ht, C. M. Marshall and G. E. Smith 

PIONEER IN RESEARCH 
Missouri so il scientists pioneered experimental 

work in the measurement of soi l erosion and water 
loss and suggesting preventive means. After more than 
35 years of experimenting, evidence is accumulating 
th at many devastated and abandoned lands can be 
brought back to produ tivity . This restorative proce
dure may be costly and unprofitable in competition 
with others who continue to follow a "mining man
agement," but we possess much of the knowledge ne
cessary when the land is needed. 

DEVELOP ACCURATE SOIL TESTS 
A bener understand ing of the nutrient require

ments of crops and the behavior of these nutrients in 
the soil has been responsible for increased yields on 
Missouri farms in recent years. A change from the 
practice of applying small quantities of fertilizer which 
furnished nly a fraction of the crops' requirements to 
one where soil fertility is restored has given specta
cular improvements. Previously, despite better vari
eties, improved machinery and more efficient control 
of diseases and insects, the average Missouri crop 
yields had increased little because the removal of soil 
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of reli able soi l tes ts has enabled farmers to apply the 
deficient elements without expenditure for unneeded 
soil treatments. T he number of soi l analyses being 
made and the quantity of fertilizer being used by Mis
souri farmers attes ts to the practicability of this ap
proach. In 1946, with only three soil testing laborator
ies, 221,753 tons of fertili zer, containing an average of 
21 percent of pl ant nutrients, were applied. In 1952 
th ere were 85 soil testing laboratories an d the fertili
ze r tonage mounted to 847,284 tons con taining 29.5 
percent plant nutrients. T hi s is nearly a seve n-fold 
in crease in the replacement of plant nutrients on Mis
souri farm s in six years. 

Resu lts of many Stat ion ex periments, as wel l as 
tests on many farms, show that one dollar invested in 
needed fertilizers will return three dollars . O n this 
bas is the increased use of fert ilizer in 1952 over that 
applied in 1946 netted Missouri farmers over 100 mil
lion dollars. One-fourth of the crop production in Mis
souri is co nservat ively est imated to be the direc t re
sult of proper use of nutrients applied as fert ili zers. 

Corn production has undergone radical changes 
in rece nt years. This crop, w hich will produce more 
feed units per a re th an any other, fell from favor be
cause of hi g h nutrient requirements, soi l depletion, 
and excessive erosion. Recent experiments show that 
it is the methods of management th at have been re
spo nsi ble rather than th e corn plant. Resea rch has 
developed m ethods of co ntinu ous co rn produ tion 

Corn is regaining a dominant place in Missouri agri
culture. T he corn at left, supplied with adequate nutrients, 
produced 75 bushels per acre .in the dry year 1953 while 
the unfertilized area at right produced only 15 bushels of 
inferior grain. 

where erosion is no greater than that following inade
quately fertilized sod crops. 

Recent research also indicates that properly fer
tilized corn can be less soil-depleting than legumes. 
Corn has a high nitrogen requiremenr. It re moves 
almost one pound of nitrogen in each bushel. How
ever, w hen the stalks are returned to the soil , corn re
moves less phosphorus, less potassium, less calci um, 
less magnesium, and less of other minerals than do 
legumes when cut for hay. In the lo ng-time experi
ments on Sanborn Field, the soil growing corn for a 
hig h percentage of the time with no fertilization is 
low in nitrogen. Where legumes have been included 
in the cropping sequences and have been removed for 
hay, the soil is at a much lower leve l of minerals. 
Legu mes are excell ent li vestock feeds, not only be
ca use of their nitrogen but also because of their high 
mineral content, which could come only from the soil. 

W here corn has been planted thickly and ample 
n utri en ts have been supplied on once depleted soils, 
the yields have been increased suffici ently in one year 
to pay the entire cos t of initial treatments. The, quanti
ty of organic material in stalks added to the soil has 
been greater than that returned by any other crop. It 
appears, then, that corn, instead of bein g our mOSt 
so il -depleting crop, may be the means of rejuvenating 
depleted lands and of paying for this soil restoration. 

Small grains are produced on mos t M issouri 
farms. Fall -seeded small grains were the first crops 

Proper soil treatment meant the differen ce between 
prolit and loss on this farm. Wheat at left, receiving ade
quate starter fertilizer and a top dressing of 33 pounds 
nitrogen produced 40 bushels per acre. That at right with
out soil treatment produced 10 bushels per acre. 
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Legumes d o no t furnish su fficient n itrogen fo r maxi
m um cro p yield s i n a cropping syste m. Ap p li cat io n of 
chemical n itrogen wi th legumes before corn has increased 
g rain yields more chan 30 bushels pe r acre . 

that were extensive ly ferti lized. In many count ies the 
ac reage now seeded annu all y with out co mm ercial 
plant nucrients is very small. T he place of these crops 
in so il manage ment syste ms has und ergo ne radi cal 
changes in rece nt years. Emphas is o n livestOck pro
ducti on has s hifted mu ch whea t ac reage fro m cas h 
g rain to supp lemental pas ture crops. Heavy fe rtili
za ti on and th ick p lanting of corn , with littl e of it 
bei ng cut and shocked, has made difficult the practice 
o f planring w heat after the late corn harves t. T he in
trodu ction of lespedeza and the increased producti on 
o f soy beans have res ulted in much whea t bei ng 
planted after these crops. T he consequent late seed
bed preparatio n fo r wheat has co mp letely changed 
ferti lization practices from those used in older crop
ping sys tems where th e small g rain stubble was 
plowe d in in Jul y and fall owed unti l fall p lanting 
tim e. 

Average small g rain yields have bee n much 
higher in Missouri during the past fi ve years than in 
the previous ten. Much of this increase can be attri 
buted t o a be tter und erstanding of the nutrient re
quirements o f these crops and the proper use of soil 
treatm ents. W ithout use of proper fertilizers, the pro
duction of wheat and barley on most Missouri farms 
would not be profitable. 

Soybeans have become a major source of income 
on Missouri farms. Better yields in recent years have 
resulted in a steadily increasing acreage. Soybeans 
have a high nutrient requirement. Consequently, the 
fertility treatments designed to build up the soil's 
nutrient reserves have improved yields so that this 
legume crop is grown extensively on many soils which 
were formerl y considered unadapted. Soybeans have 
not given spectacular response to row application of 
ferti lizers in small amounts. Information on their 
response to added nutrients is much less extensive 
than that for so me other crops. Additional research 
is required before t hi s crop wi ll produce max imum 
yields regularly. 
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Pascure ac r ig ht, t reated according ro so il cest pro
duced more chan 300 pounds of beef per acre from a tall 
fescue-La dino clover mixture. Land t ho ug h t li mited co 
forestry offers new possi bil icies. 

Pastures are bas i when li vestock and li ve'stock 
prod ucts are co nsidered th e principal so urces of in
co me o n M isso ur i far ms. Pasture land is no longer 
limited to that which is considered unsuited for other 
crops. T he rea li za ti o n th at nutriti o us forage crops 
have a higher nu tr ient requirement than g rain crops 
has res ul ted in th e ex tensive use of soil treatments. 
Pas tures have bee n rejuvenated with the seedin g of 
more nutritious plant species. After proper soil treat
ment, much land once abandoned and producing little 
li vestock feed or co nsidered sui ted o nly fo r fo re:my 
now is producing more income as pas ture harves ted 
by livestock th an land on the same farms that is cl as
sified much hig her in the scale of capabilities. 

Less than a decade ago it was difficult to secure 
stands of nutritious species as red clover, alfalfa, brome 
or orchard grass. T hese cho ice forages were being re
pl aced by o ther pl ants o f lower nutrient require
ments-and correspo nding ly lower feed value. The 
fact that most planes which will grow on soils of low 
fertility are also inferior feed is gaining recog nition. 

Cotton is the principal crop in the lowland 
country of Southeast Missouri. Much of the land in 
th at section of th e state has been cultivated for a re
latively short time. Soi ls there are highly variable. In 
many sections the virgin fertility has been adequate 
to maintai n hig h yields to date. However, the soil 
organic matter is being depleted rapidly under inten
sive cultivation. Soils are becoming more difficult to 
ti ll and their productivity is declining . Results from 
field experiments and the soil tests are showing ways 
of increasing yields and of improving the general farm 
efficiency. 

The relationship of crop quality and the well
being of people and animals to soil fertility has been 
shown more by Missouri's research than by work in 
any other state. As the nutrient content of soil de
cl ines, the shift to crops that will produce satisfactory 
yields on these poor soils has resulted in feed of in
ferior nutritional value. Protein supplements are being 
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required in ever increasing quant ities to balance the 
Ii vestock rations. Experi mental evidence shows that 
so il treatment can alter the species that wi ll dom inate 
in pasture mixtures. Tn many cases, the chemical 
composition of individual crops can be changed. In
discr iminate additions of plant nutrients, however, 
ca n resu lt in a lowering in feed values. 

Th is is a phase of soi l research that is sti ll in its 
infancy. Nevertheless, many farmers have observed 
that after initiating a soi l-building program, their 
animals have shown preference for feeds grown on 
treated soils. Livestock which feed on well nourished 
pastures generall y are better doers than those on un
improved pastures. T hese are benefits of so il research 
thar an not be measured in yields per acre, but may 
have greater value in anima l and human welfare, when 
.H.lJitiona l ex perimental work has revealed these soil 
plant-a nim al relatio nships. 

Soil surveys show that Missou ri has a wide 
var iety of soi ls that differ grea tl y in theif properties 
and produ tive capac iti e~ . The information furnished 
by these surveys has pointed ou t the desirable pro
perties and shortcomings of land on individual farms. 
A study of soil survey maps has become a regular 
practice by people purchasing farm land . Thi s infor
mation has permitted the sa le and purchase of land 
at proper values. It is the most reliab le and unbi ased 
g uide to land values. 

FUTURE RESEARCH AIMS 
Despite recent spectacul ar findings in soil ferti

li ty and plant nutrition , there are ever-increasi ng 
questions of observant farmers for which there are as 
yet no answers. Good exper i ments conducted by 
qualified inves tigators usuall y raise more questions 
than they answer. 

We have an ever-mounting population that could 
tax the production facilities of our agricultural land. 
Present food surp luses could rapid ly diminish with 
unfavorable seasons or wi th hanges in international 
responsibilities. Research to be applied must therefore 
always be ahead of the need for it. 

Among the current problems in soil s that are 
being studi ed, or will be investigated when qualified 
personnel an:i funds are available, are the following: 

L The nature and properties of the clays, 
minerals, and humus. 

Clays and humus are the active portions of soils, 
while the si lt minerals are the reserve supplies of fer
tility to be acted upo n by them. The amounts and 
properties of these soi l components differ widely and 
influence the use and availability of nutrients applied 
in fertili zers. Although the detail varies from soil t 
so il , and from crop to crop, certain general features 
shared by all enable planning a research ptogram dir
ected at the heart of this problem. The passage of 

plant nutrients from the si lt and sand to the clay and 
humus is a slowly continu ing process. Clay and hu
mus, then, provide most of the immediate source for 
the plants. But this source does not serve the plant 
root merely as a passive rec ipient. Plant roots, like 
clay and humus, are colloidal systems; they enter ac
tively in to competition with the clay and humus for 
ca lcium, potass ium, and magnesium, for example. 
Hence, we need to understand both the individual 
so il colloids an d the individual plant roots in order 
to pred ict what the ou tcome of the competition wi ll 
be in practical cases. Soil tests cannot be intelligently 
interpreted nor fertilizer efficiently used without this 
fundamental information on soil chemistry . 

2. Soil test correlations. 
Past management practices and soil treatments 

have altered the needs of the individual fie lds. Soil 
tests are being used widely to measure nutrient re
serves. Extensive field trials are needed to correlate 
yield response with added treatments. Variabl sea
so nal conditi ons co mpli cate res ults. Findings may 
not be spectacular and they require so me years, but 
thi s type of in vestiga ti on is a necessity if we are to 
obtain the most efficient use of fertilizers and most 
effic ient production from our highly variable so.il s. 

3. Continuous corn versus rotations. 
Much has been learned regarding nu trient bal

ance and om production. Availability of reas nably 
priced chemical nitrogen has lessened our dependence 
on legumes for soil improvement. Crop sequences to 

include legumes and grasses may not be as important 
as form erly believed. This new concept could com
pl etely nullify so il conservation practices that have 
been followed traditionall y in the past. It ould be 
more desirable to grow cultivated crops continuously 
on some land and other crops on more erosive fields, 
rather than ro install water management systems and 
crop rotations based on over-all land capabilities. This 

When the soil surveyor pulls up a sample he gets a 
mental picrure (insert) of the cross section. Here he finds 
12 inches of silty surface soil, part forming a gray layer. 
Below 12 inches he hit clay sub oil. Surveying provides 
useful g uide for land buyers. 
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is a field of investigation of much current interest and 
one in which research is needed. 

4. Erosion control and crop management 
under high fertility levels. 

Most soil conservation now practiced is based 
on investigations where the nutrient additions and 
returns are less than those removed in the crops. 
There is abundant evidence that management prac
tices which correct soil fertility and remove this limit
ing factor in production increase crop growth and re
duce erosion and runoff. It is even probable that 
add iti ona l research will show that some established 
practices in soi l conservation can be greatly modified 
to give lower costs and greater farm efficiency. 

5. Pastures and forages. 
We are just beginning to appreciate pasture as a 

crop. Missouri has over ten million acres where proper 
soil treatment could increase the amount of livestock 
feed decidedly. This potential can be wisely developed 
only through systematic investigatons. 

Al falfa and some other legumes have high nu
trient requirements and do best on deep soils. There 
is eviden e that alfalfa can be grown on many soils 
heretofore considered unadapted to it, when rejuvena-

In a field where trace element boron was deficient, 
application of borax, costing $1.00 per acre doubled this 
alfalfa hay yield over check (right). 

ting practices currently being developed are applied to 
soils. 

6. Deep tillage. 
Shallow soils with infertile subsoils represent 

extensive areas in Missouri. These properties make 
them subject to drought and limit the kinds of crops 
they can produce. Deep tillage and addition of nutri
ents thereby may offer opportunities for increased 
production. 

7. Maximum fertilizer use. 
The addition of larger quantities of plant nutrients 

has produced substantial increases in crop yields. 
However, the application of some chemicals in ex
cessive or unbalanced quantities has developed com
plications and in some cases reduced yields and crop 
quality. Stud ies in soil chemistry are needed to under
stand the interrelationship of plant nutrients in the 
soil and their limitations and possibilities toward in
creased production. 

8. Soybeans. 
Less is known about the growth and nutrient 

absorption by soybeans than about any of our other 
principal crops. Research is urgently needed on the use 
of soil treatments for optimum production on Mis
souri's expanding soybean acreage. 

9. Cotton. 
Missouri is at the extreme northern end of the 

onon-producing region. Many of the soils used for 
cotton have been culcivated only a relatively short 
time. There are soi l problems in ferti lity for the pro
duction of this crop that cannot be answered from 
work of states farther south. 

10. Crop quality. 
While soi l fertility levels can alter crop composi

tion and nutrient values for an imals and humans, 
little is known regarding these relationships. Probably 
no field of research in agriculture is of greater interest 
or offers more possibilities for public benefit. 

11. Trace and secondary nutrients. 
The increased use of synthetic fert ilizers of higher 

concentrations and greater removal of nutrients in 
larger crop yields can make other elements become 
the limiting ones in crop growth. Evidence of mag
nesium, boron, and sulfur deficiencies is becoming 
more prevalent. Other essential trace elements are 
being found in decreasing quantities by chemical an
alyses. Information is needed on the levels of these 
elements required by plants and the quantity delivered 
by di fferen t soils. 

12. Soil classification. 
Soil surveys have been completed on less than 

half the counties in the state. Although soil tests have 
replaced some of the value of soil classification, soil 
classifications and surveys can be of much value in the 
interpretation of soil tests on a large scale. An up-to
date classification of all soi ls in the state could take 
much of the risk out of farm purchases. 
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A re you getting your return from investment 
in Missouri's Agricultural Experiment Station? 

Do you consult your county agent on your 
farm problems? Do you regularly attend soils 
and crops conferences? . .livestock days? Are 
you on the" Announcer" and "Outlook" mailing 
lists? Do you attend college field days and wit
ness new findings for yourself? 

These are returns from the Experiment Station to 
which each citizen is entitled. Results of research aid 
Missouri farmers in cutting costs whil e increasing 
both quantity and quality of farm products . Your 
county agent is yo ur local contact with the Experi
ment Station. He is prepared to help you get the maxi
mum benefi t from Experiment Station discoveries. 
He ca n help yo u translate these findings in to prac
ti cal farm use. Co unty agents are official representa
tives of the College of Agriculture and cooperate with 
the United States Department of Agriculture. If you 
are in doubt about the better way of doing a thing, a 
good rule is: "Ask your county agent." 

O thers who keep in close touch wi th results of 
the Experiment Station are the hi gh school teachers 
of vocational agri culture, veterans on-the-job training 
instru ctors, soil conservation technicians; many fer
tilizer, feed, seed, and farm equipment dealers; and 
hatchery men and bankers. 

More than 2,500 Missourians attended the L953 Crops 
and Soils Field Day, held at tbe U niversi ty of Missouri 
South Farms. Visitors to ured experimen tal plots w here 

Field Days: 
For a first hand look at discoveries from Station 

research, plan to attend annual Experiment Station 
fie ld days. For the skeptic who says, "Bel ieve half of 
what you see," we can promise a profitable experience 
with that half. You can observe th e advantages of 
raising proven and acclimated crop varieties; you can 
get fir st hand results of all tes ts. Field da ys are held 
regularly at the University South Farms and other 
outlying Experimental Fields. County agents know 
the program and can arrange a visit, even an unsched
uled one. 
Publications: 

Results of completed research are reported in 
Experiment Station Bulletins and Research Bulletins. 
The annual Experi ment Station report summarizes 
the progress of each study, project by projec t. Agri
cultural Extension Service Circulars cover practical 
recommended practices based on research. These pub
li cations will be supplied free for the asking. For a list 
of avail abl e publicati ons, write to: Mailing Room, 
21 Mumford Hall, Columbia, Mo. 
Press, Radio, and Television: 

By special ar rangeme nts, radi o and television 
sta tions report highlights of important research dis
cover ies and newspapers and farm magazines devote 
much space to new developments announced by Agri
cultural Experim ent Stations. 

specialists explained objectives of the trials and new find 
ings tbat could improve production and income on the 
farm. 
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Investments in Research 
$245 per acre . .. 

In a study of the use of supplemental water in the 
production of canning tomatoes, the use of 3 ~ inches 
of water increased the yield 8 ~ tons per acre. This was 
at a cost of $35 . At $35 per ton, the value of 8 tons of 
tomatoes would be $280. Substracting the cost of 
irrigation leaves $245 additional profit per acre. 

$50 per acre. · · 
Through the use of chemical weed killers, straw

berry growers have been able to eliminate two or three 
cultivations and two to three hand hoeings. This 
saving figures more than $50 per acre. 

$455 per acre · · · 
Assuming a natural rainfall , or at least a rainfall 

where water would not be a severely limiting factor, 
farmers using fertilizers according to soil tests and re
commended practices on canning tomatoes could rea
lize an additional $455 per acre. Experimental trials 
have produced increases of 13 tons per acre from in
vestment of $70 in fertilizers. In checks where ferti
lity was low, the tomatoes produced 3 tons per acre. 
Adequate fertility resulted in a yield of 16 tons per 
acre. We do not know whether supplemental water 
would have added to this yield. In this case, the ferti
lizer study was independent of moisture supply. 

$5000 to one farmer 
Experiment Station personnel recommended to 

one grower that he plant his entire bean acreage in 
the variety "Contender". The grower experienced a 
little difficulty in locating seed of this variety, there
fore planted only part of his acreage in "Contender" 
and the remainder in the old standy-by "Tender 
Green". When the crops had been harvested, he cal
culated his returns and observed that he would have 
realized $5000 additional had he planted his entire 
acreage in the variety "Contender". 

$2,000,000 per year . .. 
By utilizing heifer rations developed by the Ex

periment Station to include a maximum amount of 
roughage, approximately 300 pounds of grain per ani
mal can be saved. Missouri's dairy herds-require 
232,00 heifers annualy as replacement stock. A saving 
of 300 pounds of grain each would amount to a total 
saving of $2,088,000 for Missouri. 
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$97,500,000 ... 
Missouri Agricultural Experiment Station re

search in Entomology has been directed largely as a 
service to Missouri farmers in pest control. In 1953 
army worms invaded the entire State. They were in 
sufficient numbers in the southern two-thirds 'of the 
State to warrant control. In all, some seven and one
half million acres of grain crops and pastures were 
sprayed at a cost of two dollars per acre. We can 
safely estimate that this insect pest reduced grain crop 
yields (wheat, barley, oats) by 25 percent where not 
treated. With a conservative estimate of 30 bushels 
per acre yield of grain and a two-dollar per bushel 
value for the grain protected by destroying the insect, 
the recommened practice of spraying for army worm 
control saved the State of Missouri $97,500,000 in 
1953. Also, the new methods of chemical control are 
easy to apply and save money in labor required for ap
plication. 

$1,700,000 ... 
Controlling hornilies on 850,000 head of cattle 

helped Missouri farmers to market an extra 8,500,000 
pounds of meat valued in excess of $1,7000,000. Auto
matic sprayers for applying activated pyrethrins and 
bac~ ~ubbers made from burlap bags soaked with in
sectlcIdes were used to control this annoying pest. 
The burlap bags were wrapped around barbed wire 
and strung between two posts about twenty feet apart. 
Good homily control was achieved when the rubbers 
were located in loafing areas. 

$1,000,000 ... 
A concerted war on rats has resulted in the death 

of one-fourth million of these destructive rodents. 
Each is estimated to destroy four dollars worth of feed 
annually. Killing 250,000 brought a one million-dol
lar saving. The tool- Warfarin. 

A nswer to Wool Problem 
By simply separating and packaging fleeces by 

grades, Missouri wool producers could greatly increase 
returns, research studies -reveal. In this manner do
mestic wool producers could approach the price paid 
for imported wool. Three basic principles involved 
would be (1) proper shearing, (2) proper packaging 
and (3) marketing on a graded basis. Missourians mar
keted $5,518,000 worth of wool in 1952. Improve- ' 
ments in this product are worthy of consideration. 
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Bring Big Returns 
$50 per acre . .. 

The thinning of apples with hormone sprays is 
a common practice which resulted from extensive 
Agricultural Experiment Station study. This enables 
(1) growth of larger, more desirable fruit and (2) con
trol of alternate year production, to a certain extent. 
Less breakage of tree limbs is another advantage. The 
tremendous increase in charge for hand labor has re
sulted in abandonment of hand thinning of apples. At 
least $50 in these labor costs is saved per acre through 
hormone thinning. We cannot measure the increase in 
returns due to improvement in the market product, 
but the additional advantages likely save another $50 
per acre. 

Invaluable Service . .. 
This past season and up to date, insect-pests sur

vey was maintained. The survey provided information 
for county agents, newspapers, radios, teachers of vo
cational agriculture and other professional agricul
turalists on the current prevalence of insect-pests. In 
this way, farmers could be warned to look for insects 
and warned of insect prevalence so that they could 
treat before crops were damaged. Farmers were kept 
advised within a few days of the economic prevalence 
of insects in their locality. In this manner, money was 
saved by avoiding unnecessary use of chemical sprays 
or insecticides as well as time and applications made 
for the control of certain insect-pests. Missouri is the 
only State furnishing this service. It is a cooperative 
effort including Missouri State Department of Agri
culture, the Agricultural Experiment Station and the 
Agricultural Extension Service. 

$750 per acre . .. 
The Missouri Agricultural Experiment Station 

has been a leader in investigations on hormone sprays 
for apples. Outstanding among the hormone sprays 
are those designed to thin the apple population when 
applied during blossom time and those designed to 
prevent apple drop. Normally the drought and high 
temperatures of 1953 would have resulted in almost 
all apples dropping. Hormone sprays kept them on 
trees until harvest. Where they would have sold at 
$1.00 per bushel as windfalls, the crop averaged 
around $2.50 per bushel to the grower. Going by a 
conservative estimate of 500 bushels per acre, growers 
can realize an additional $750 per acre by applying 
this discovery. 

-21-

$1,125,000 ••• 
The control of strawberry insects and diseases, 

such as the tarnish plant bug, the bud weevil and leaf 
spot, has enabled strawberry growers to increase their 
yields 25 crates per acre. They not only increased their 
yields but also, by eliminating button berries, dead 
caps and similar deformities, improved the quality of 
their product. At $7.50 per crate the value of the ad
ditional 25 crates per acre would be $187.50. For 
Missouri's 6,000 acres of strawberries this means an 
increased return of $1 ,125,000. 

$750 per acre . .. 
Strawberry growers who have changed to the new 

variety, "Armore," recommended by Missouri Agri
cultural Experiment Station, have realized 50 to 100 
crates per acre increase in yield. At $7.50 per crate, 
this would mean as much as $750 per acre increase in 
returns. This increase is over the next best variety now 
commonly grown in Missouri. The improvement over 
other varieties is even greater. 

$250 per acre . .. 
• In fertility studies on sweet potatoes, the proper 

balance of fertilizers added according to soil tests re
sulted in a 100 bushels per acre increase in yield. This 
increased return was realized at a cost of $25 per acre 
for fertilizers. At $2.75 per bushel the return would 
mean an additional $275 gross per acre. Substracting 
the $25 for fertilizer leaves $250 net profit per acre 
from the soil testing practice. 

$50,000,000 per year . .. 
Missouri Agricultural Experiment Station has 

contributed materially to the development and use of 
hybrid seed corn. Most farmers recognize the value of 
planting adapted hybrid seed, but few stop to think of 
the immense amount of research that preceded its 
development. And that research in hybrid seed corn is 
a continuing process. Of Missouri's 1952 corn crop 
97 percent, or 4,112,040 acres, was planted with hybrid 
seed. Planting hybrid seed corn will result in an esti
mated 20 percent increase in yield. Using the 1952 
state average of 41 bushels per acre, 8 of these bushels 
could be attributed to use of hybrid seed. At $1.50 per 
bushel this amounts to $12 per acre or $49,344,480 in 
additional income to Missouri farmers. 
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$75,760,000 per year . .. 
The use of proved sires through artificial insemi

nation has increased milk production of daughters 
over dams by 1,770 pounds anually. If applied to Mis
souri's entire dairy industry, this practice could add 
1,640,000,000 pounds of milk valued at $75,760,000. 
Another comparison of daughters of 1,163 sires used 
in artificial breeding revealed that they produced an 
average of 5,000 pounds more milk than the average 
cow in the United States. 

New market for cream ... 
Through the "Cultured Cream Spread and Salad 

Dressing" developed by workers at the Missouri Agri
cultural Experiment Station a new market for several 
million pounds of milk, cream, and solids-not-fat has 
been found. This new product has many uses in pre
paration of various foods. Its development was to add 
to enjoyment of foods and add to their nutritive value, 
rather than to replace other food constituents. 

$300 to $400 per acre . .. 
A proper spray control program for the control 

of blackrot and other diseases and insects such as berry 
moth, has again made possible the production of 
grapes in Missouri. It now is possible to produce four 
tons of grapes per acre by following an adequate spray 
schedule. Those who have not sprayed have experi
enced total loss. Grapes are selling at $75 to $100 per 
ton. Growers realize from $300 to $400 per acre. 
Grapes return at least three quarters of a million dol
lars to Missouri growers. 

Fat beef from less grain .. 
In recent studies Station workers have produced 

80 percent of total gains of two-year-old steers from 
roughage and pasture. Steers were bought as 650-
pound yearlings and sold as 1,200-pound choice cattle. 
Only 10 to 15 bushels of corn were required to finish 
the steers. Under the old method 55 to 65 bushels 
of corn would have been required. Calves fattened and 
sold as 950- to 1,000-pound yearlings required 25 to 
30 bushels of corn. By the old method, 45 bushels 
were used and only 60 percent of the calf came from 
roughage and pasture. 

Pigs behind cattle can salvage corn at the rate 
of % to 1 ~ pounds of pork per bushel of shelled corn 
fed to the cattle, bringing further cost reduction. This 
is especially true when cattle are fed on concrete or 
pasture. The price per bushel of corn thereby is re
duced by the value of the pork. 

-22-

Spectacular Advances 
In Weed Control 

Many Sprays Have Emerged To Aid 
Farmers Since Wodd War II 

Grain Crops 
Two, 4-D was not available for research until the 

end of World War II. Research began on the use of 
2,4-D for weed control in corn and small grains in Mis
souri in 1945. As a result of this early work, it was re
commended for use in 1949. As a testimonial of its 
value, Missouri farmers used 2,4-D on 359,000 acres of 
corn and 28,000 acres of small grains in 1952. In that 
year there were 8,000 power sprayers on Missouri farms 
(exclusive of those owned by commercial custom 
operators). Resulting increases in corn yields are not 
the only advantages of relatively weed-free corn. Many 
farmers report that the satisfaction and economy of 
harvesting clean corn is worth the cost of 2,4-D treat
ment. The greater assurance of success of crops, es
pecially meadows and pastures planted after weed-free 
corn, has been a factor in stimulating the use of 2,4-D. 
The use of herbicides for weed control in grain crops 
is probably in its infancy, but already direct benefits 
have repaid the costs of research many times. 

Brush 
Since the clearing of the timber lands and the 

plowing of the prairies, the Missouri farmer, seldom 
aided with more than an axe, has been tussling with 
nature over the invasion of brush into his crop and 
pasture land. At great cost in time and effort he has 
only partially succeeded. As he has found ways to in
crease his efficiency in other fields, this periodic hand 
"sprouting" has become increasingly unattractive. 
Following research started in Missouri about 1944, 
farmers are now able to kill brush by aerial or surface 
applications. Where it is desirable to remove the 
growth from the land, cut stumps can be kept from 
resprouting by the use of cpemicals. Pasture produc
tion has been increased by the use of chemical brush 
control on some Missouri farms . 

Pastures 
Weeds in pastures continue to take a large toll 

in productive capacity. Many pastures produce as little 
as 50 percent of their potential as a result of weed in
festations. Mowing has been a recommended practice 
for combating the weed problem; now 2,4-D promises 
much greater efficiency in this battle. 
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Study Meat Products 
from Farm to Table 

Meat is much a part of our every conscious 
thought. It has been said so well , so many times that 
meat is a parr of our way of livi ng and that it is almost 
impossible co plan a meal without it. To the adver
tising man and the merchant who se ll s roasts, steaks, 
chops, and stew meat or the res taurant manager who 
uses the meat item for his main entree' there is little 
difference. Each capita lizes on the intrinsic qualities 
of the meat that appeal to the palate of his customer. 

Perhaps co the busy housewife it means some
thing in addition, parti ularly from the standpoint of 
the dollars and cents she must spend. Sometimes she 
can find what she wants and sometimes she cannot. 
Sometimes she finds meat low priced and abundant, 
someti mes high pri ced and scarce. In any case, her 
family meals are planned around the meat dish. 

Food is America's biggest business. American 
farmers have the highest cash income among the 
world farmers. We ptocess and eat more food than any 
nation in the world. Meat packing, the largest food 
industry, processes the most important single food 
product. Six percent of the disposable income or one
third of the average worker's food expenditure is nor
mally spent for meat. 

In Missouri, livestock ranks first in importance in 
farm income-over three-fourths (1951-77 percent) 
of the total farm income comes from the sale of live
stock and livestock products. This source of income 
totaled 896 million do ll ars in 1951. Of this amount 
616 million cam'e from the marketing of meat animals. 
Missouri ranked tenth in cattle slaughter, 15th in calf 
slaughter, fourth in hog slaughter, and ninth in sheep 
and lamb slaughter. 

Missouri is thus a very important meat producing 
state, in spite of the fact that 75 percent of the popula
tion is urban and 50 percent is in the four largest 
cities. Serving the people of Missouri are more than 
12,000 food stores, and nearly 10,000 grocery stores. 
Approximately 450 frozen food locker plants and 
168,000 food freezers also serve Missouri. This gives 
each family of four an average of about three and one
third cubic feet of frozen space. There is little zero 
storage space available in our large metropolitan cen
ters. These areas are served by good frozen food dis
tribution centers. It is in the outlying areas and rural 
districts, where people have the abi lity to buy frozen 
foods in quantity and store them, that better frozen 
food distribution is needed. 

by D. E. BRADY 

MORE RESEARCH NEEDED 
There is a need for additional research to insure 

more effective use of our livestock and meat products, 
eliminate waste, and co nserve the quality and nutri
ti ve val ue of these products thereby conservi ng the 
natural resources and taking care of the growing 
population. 

For thou sa nds of years food was produced and 
consumed in the same co mmunity. Our ancestors 
spent most of th ei r time seeking so mething to eat. 
Food was plain and in most cases there was seldom an 
abundance-when there was, little could be preserved. 
In the past fifty years, there has been a revolution in 
the handling and processing of meat and meat pro
du ts. The big changes have been made in processing 
and di stribution. Approximately two-thirds of the 
meat animals are produced west of the Mississippi, 
while more than two-thirds of the meat is consumed 
east of it. This picture is further complicated by the 
perishability of the product. Meat requires the use of 
extensive refrigeration facilities as well as speed in the 
delivery of tremendous tonnages. 

Some meats are frozen , canned, and cured, yet the 
bulk must be sold fresh. Much of the cured product 
coday is nearly as perishable as the fresh. 

Consumer Preference Spurs Research 
Consu mer preference is another unstable char

acteristic. Changes in consu mer taste and diet pre-

A valuable insight into consumer preference is de
veloping from customer surveys. Results of one where 
consumers were invited to choose from chis [rimmed and 
unmarked display of commercial, good and prime beef 
cues appear in an accompanying table. 
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U ni versity laborato ry equipm ent for measuring 
juiciness (left) and tenderness (right) of meat. The latter 
almost duplicates chewing action w hen it tests the pounds 
required to shear cooked meat. 

fe rence indicate the ne ess ity of keeping pa e. T hus 
the de mand for li g hter cuts of mea t, and th e prac
ti cal disappearance of o ur export and retail o url e ts 
for lard have profound ly affected both th e typ e of 
pork production and the method of process ing. 

From a lo ng range point of view we are concerned 
w ith in creasing production and efficiency of pro es
sing and distr ibu tion, but there are many short range 
effects that a nnot be overlooked. The packer and 

thers along the distribution line require a large 
vol ume of th e product to in sure adeq uate returns , 
w hile over-abundance has been a major worry for the 
farmer in the past a nd may well be so in the future. 
The search for ways ro use thi s abundance through 
increased sales volume has been responsible for many 
revolutionary developments in the processing of meat. 
For example: There was no meat packing industry of 

Four cuts can be cooked simultaneously in this oven 
to obtain the same degree of doneness. Temperature at the 
center of the roast is recorded several times a minute by 
the apparatus at left. 

any no te prior to the C ivil War . Demands of the 
armies ch~nged ~his. Deve lopment of the refrigerator 
car m ade It possible to dress large quantities of meat 
in cities like Kansas City and Sr. Joseph and distribute 
it over a large area. Competitio n , sharpened by re
search and aggress ive se llin g, has blought abo ut 
marked improvements in processing and di stribution 
meth ods, yet coday th e mea t industry sta nd s on the 
verge o f a new revo lu tion. Two wa rs have bro ug ht 
abo ut sig nifi cant changes in the ea tin g hab its of a 
great number of peop le. These changes, whic h have 
res ulted in a better way of li vi ng, have co me largely 
from the res ults of research a t such inst ituti o ns as 
Missouri Co ll ege of Agriculture. They mea n better 
ways of handling mea t from slaug hter co th e tab le. 

EFFICIENCY SOUGHT 

Our sights must remain cl earl y on the future 
despite periodi c di straction s if we are co bring ro the 
America n table the q uali ty , nutritive val ue, variety, 
and abundance w hi ch but a few decades ago were 
never thoug ht possibl e. It has been repeatedly em
ph as ized th a t the lac k of a proper diet ca n be attri
buted prim arily to low in omes and ignora nce. Our 
ob jectives in th e College of Agriculture, both from 
the standpoint of th e Experiment Station and the Ex
ten sion Serv ice, are to find o ut facts o n how we can 
more e fficiently grow, process, an d d ist ribute meat 
and then make this information avai lable to growers, 
processors , distributors, and consumers. We know, for 
exa mple, th a t we must substantiall y reduce the 
amount of tim e spent in the kitchen. This means that 
the processor must perform many operations that have 
formerly been taken care of in the home. 

The great problem of fatness continues to be with 
us. Just how fat should our cattle, hogs, and lambs be 

A roast is shown coming out of one of the ovens 
ready to be subjected to oth r tests. Careful comparisons 
are kept of many University anima ls from feeding days 
until they are ready for the table. 
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whe n slaughtered to ptovide beef, pork, and lamb 
meat that is mOSt generally acceptable? Moreover, does 
it suffice to view the problem as it relates to gross fat
ness? An experiment that was carried on by the Uni
vers ity this past year uncovered some interesting facts 
about how housewives select beef roasts and steaks. 
Fo ur grades of rib roasts and steaks were trimmed 
down to less than one-half inch of external fat, pre 
packaged , priced identicall y on a price per pound basis 
and placed in a self service display case. The purchasers 
were not informed as to w hat grades they we re buy
ing. Here are the results. 

PERCENT OF EACH CUT SELECTED 
BY GRADE 

GRADE 

Prime 
Choice 
Good 
Commercial 

STEAKS 

19 
20 
28 
33 

ROASTS 

14 
28 
31 
27 

ANIMAL TYPE CHANGING 
Some very significant changes have been made in 

hog- type, from the chuffy hog of the early 1900's and 
the long rangy-type of the 1920's. It is doubtful that 
either type met the needs of the co nsumer or was 
especially economical from the standpoint of.produc
tion. We know that the consumer is interes ted in a 
minimum amount of fat - just enough to insure good 
eating quality-no more. This means that we must 
produce a type of hog with a high yield of lean meat 
and a minimum of fat. This is, in parr, due to the fact 
that vegetable oils can be produced more economically 
than animal fats. Since 1910, when lard sold for ap
proximately 40 percent more than the live hog, we 
have seen a steady decrease in the price of lard relative 

Here a laboratory technician weighs a meat sample 
to determine the amount of shrinkage encountered in 
cooking. Various tests can sometimes be related back to 
known feeding methods and breeding. 

to the price of the market hog. On this basis, lard is 
worth but one-third as much today as it was in 1910 
w hen the lard-type hog was profitable. 

A great deal has been done in developing a leaner 
type hog; there is considerable more to be accom
plished. From all evidence, the cons umer will not 
compromise. The price she pays is tangible proof that 
cannot be overlooked. There is a type of hog that 
yie lds an end producr whi ch consumers prefer. This 
hog is perhaps a good deal leaner than the producer, 
the packer, or even the r·e tailer may w ish to believe. 
Just how lean, we are not prepared to state. 

Perhaps it would be of interest to note a few of 
results from a survey in Columbia during the spring 
of 1953. From hogs produced on rhe University of 
Missouri Ani mal Husbandry farms, rwo grades of 
hogs were selected, slaughtered, and the meat pro
cessed. In cooperation with the departments of Home 
Economics and Agricultural E onomics, some 400 
homes in Columbia were surveyed to find out their 
preference in the matter of leanness of pork curs. The 
two grades of pork carcasses were Choice No.1 and 
Medium. The grades were determined by the thick
ness of back fat. It should be pointed out that the 
C hoi ce No.1 is considered to be the leanest of the 
three top grades. Medium is considered to be lacking 
in the requ ired fatness necessary for top quality pork. 
Those interviewed were shown loin chops, cured and 
smoked center cut ham slices, and cured sliced bacon 
from these two groups. 

After indicat i,ng their preference from the stand
point of appearance, they were given chops, ham, and 
bacon from each grade and asked to prepare them in 
their customary way and determine which of the twO 

grades they felt tasted the best. They were not in
formed with regard to the grade and quality of the 

Meat sa mples come up for a final test before a panel. 
This group is scoring beef from cwo systems of manage
ment involving maximum use of pasture and roughage 
in the fattening process. 

whe n slaughtered to ptovide beef, pork, and lamb 
meat that is mOSt generally acceptable? Moreover, does 
it suffice to view the problem as it relates to gross fat
ness? An experiment that was carried on by the Uni
vers ity this past year uncovered some interesting facts 
about how housewives select beef roasts and steaks. 
Fo ur grades of rib roasts and steaks were trimmed 
down to less than one-half inch of external fat, pre 
packaged , priced identicall y on a price per pound basis 
and placed in a self service display case. The purchasers 
were not informed as to w hat grades they we re buy
ing. Here are the results. 

PERCENT OF EACH CUT SELECTED 
BY GRADE 

GRADE 

Prime 
Choice 
Good 
Commercial 

STEAKS 

19 
20 
28 
33 

ROASTS 

14 
28 
31 
27 

ANIMAL TYPE CHANGING 
Some very significant changes have been made in 

hog- type, from the chuffy hog of the early 1900's and 
the long rangy-type of the 1920's. It is doubtful that 
either type met the needs of the co nsumer or was 
especially economical from the standpoint of.produc
tion. We know that the consumer is interes ted in a 
minimum amount of fat - just enough to insure good 
eating quality-no more. This means that we must 
produce a type of hog with a high yield of lean meat 
and a minimum of fat. This is, in parr, due to the fact 
that vegetable oils can be produced more economically 
than animal fats. Since 1910, when lard sold for ap
proximately 40 percent more than the live hog, we 
have seen a steady decrease in the price of lard relative 

Here a laboratory technician weighs a meat sample 
to determine the amount of shrinkage encountered in 
cooking. Various tests can sometimes be related back to 
known feeding methods and breeding. 

to the price of the market hog. On this basis, lard is 
worth but one-third as much today as it was in 1910 
w hen the lard-type hog was profitable. 

A great deal has been done in developing a leaner 
type hog; there is considerable more to be accom
plished. From all evidence, the cons umer will not 
compromise. The price she pays is tangible proof that 
cannot be overlooked. There is a type of hog that 
yie lds an end producr whi ch consumers prefer. This 
hog is perhaps a good deal leaner than the producer, 
the packer, or even the r·e tailer may w ish to believe. 
Just how lean, we are not prepared to state. 

Perhaps it would be of interest to note a few of 
results from a survey in Columbia during the spring 
of 1953. From hogs produced on rhe University of 
Missouri Ani mal Husbandry farms, rwo grades of 
hogs were selected, slaughtered, and the meat pro
cessed. In cooperation with the departments of Home 
Economics and Agricultural E onomics, some 400 
homes in Columbia were surveyed to find out their 
preference in the matter of leanness of pork curs. The 
two grades of pork carcasses were Choice No.1 and 
Medium. The grades were determined by the thick
ness of back fat. It should be pointed out that the 
C hoi ce No.1 is considered to be the leanest of the 
three top grades. Medium is considered to be lacking 
in the requ ired fatness necessary for top quality pork. 
Those interviewed were shown loin chops, cured and 
smoked center cut ham slices, and cured sliced bacon 
from these two groups. 

After indicat i,ng their preference from the stand
point of appearance, they were given chops, ham, and 
bacon from each grade and asked to prepare them in 
their customary way and determine which of the twO 

grades they felt tasted the best. They were not in
formed with regard to the grade and quality of the 

Meat sa mples come up for a final test before a panel. 
This group is scoring beef from cwo systems of manage
ment involving maximum use of pasture and roughage 
in the fattening process. 



Surpris ing results of a survey on preference between 
these Choice No.1 and Medium pork cuts appear in the 
table below. Medium cuts are the ones with a hole punch
ed in rhem. Fat was trimmed even so sa mplers could not 
identify grades by rhe far covering. 

meat except that it had not been experimented on in 
any way. Here is w hat they said. 

PREFERENCE IN PERCENT 

Preference based Choice 
on Appearance No. 1 Medium No Preference 

---
Bacon 41 56 03 
Chops 37 57 06 
Ham 46 51 03 

Preference based 
on Taste Test 

Bacon 41 48 11 
Chops 40 44 16 
Ham 33 52 15 

It should be pointed out that th e Medium car
casses referred to, while underfinished from the or
dinary market standpoint, were not from "hard doers", 
but from hogs weighing 200 pounds alive that 
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reached th is weight o n less than 350 pounds of feed 
per hundred pounds of li ve weight gain. In other 
words, these were hogs which, through improved 
breeding, feeding, and management, can with a mini
mum of fat satisfy the taste of coday's meat eaters. It 
is true that many of the carcasses and cutS lacked the 
firmness which is generall y considered to indicate the 
highest degree of quality . Some of the bellies also 
lacked the thickness which might be considered de
sirable. Nevertheless, they produced meat which was 
eq ual if not super ior to that from the Choice NO.1 
grade. 

Additional information is needed on other eco
nomic considerations, such as cooler shrink, drip after 
defrosting, cur ing, and on smokehouse yie lds and 
other characteristics affect ing processing before the 
whole story can be to ld. P lans in clude investigating 
this phase o f th e problem durin g the co min g year. 
Information of this nature will be invaluable in ar
riving at a more adeguate evalu ation of carcasses of 
varying degrees of finish. In the fina l analys is the sales 
price of t he li ve hog must be cl osely re lated to the 
yield , cut o ut, and adaptability o f the cutS to various 
meth ods of hand ling. 

Methods of feeding and management also have 
a pronou need effect on th e qual i ty of beef. The Mis
souri Agricultural Experiment Station has been con
cerned wi t him proved pas ture and forage utilizat ion 
since this offers a means by which the total production 
of meat may be increased. W e have been co ncerned 
leSt the winter ration should be kept so low in nutri
ents in order to secure econom ical gains that the 
quality of th e beef is adversely affected. Work now 
being completed indicates that the full potential qua
lity of the beef m ay never be reali zed under some 
condi tions. 

There are other problems, related to the perish
ability of meat. They are more apparent with an in
crease in prepackaged meat sales. Twenty percent of 
the meat is estimated to be prepackaged. Work com
pleted during the past two years indicates most pro
ducts maintain a high degree of freshness, where rea
sonable precautions are used in obtaining a regular 
turnover and maintaining the desired temperatures. 
Occasional samples have been found which leave 
room for improvement. The maintenance of a high 
degree of sanitation with meat cutting tables, blocks, 
and other equipment is essential to low microbial 
counts. Improved methods of caring for this equip
ment have been developed at the Missouri Station 
during the last year. 

Rancidity is a serious problem in frozen meats. 
This is especially true of pork. The packer freezes fresh 
bellies and hams during periods of heavy slaughter for 
later curing. Cured pork is susceptible to rancidity. 
Farm families aIso store much frozen pork in their 
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This is a view of the University of Missouri research 
laboratory where studies are conducted on factors causing 
meat spoilage. Work is done on fresh, frozen, cured and 
dehydrated meat. 

freezer lockers and home freezers. This meat also is 
quite susceptible to rancidity. Work is under way to 
increase the storage life of this pork by the addition of 
suitable antioxidants. These materials, according to 
present indications, are effective to a limited extent 
in prolonging the storage life. 

One research project, carried on cooperatively 
with the Agricultural Chemistry Department, is con
cerned with the fundamental changes which occur in 
dehydrated meat and with development of methods 
of controlling these undesirable changes. The immed
iate practical importance of this project is related to 
military needs. A solution to the problem would not 
only assist in the formulation of more suitable ration 
items, but would provide much useful information 
on the mechanism of "browning." 

Study Three Meat Problems 
Thus it can be said that the work of the meat 

section of the Animal Husbandry Department is con
cerned with the following problems of importance to 
Missouri Agriculture. 
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Daniel E. Brady, professor of animal husbandry, who 
contributed this report, is shown carving one of his sam
ple roasts. Prof. Brady heads carcass and meat phases of 
U. of M. livestock experiments. 

l. Determining consumer preferences for grades and 
weights of carcasses and cuts especially as the), 
relate to the amount and distribution of fat. 

2. Evaluating carcasses and cuts of beef, lamb, and 
pork as they are affected by various systems of 
feeding, breeding, and management. 

3. Conserving the palatability of fr sh, frozen, 
cured and dehydrated meats. This refers to the 
physical, chemical, and microbiological changes 
occuring in meat and meat products and methods 
for controlling these changes. 
Research means little, however, if it is not made 

available to the public. In the main, the Missouri 
Agricultural Extension Service has this responsibility. 
During 1953 a number of new activities were initiated 
to aid in the dissemination of this information. These 
included meat merchandising schoo ls for industrial 
groups, educational demonstrations on meat for con
sumer groups, training schools for trade g roups and 
education work with such groups as 4-H Clubs and 
F. F. A. 
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· .. W. H. Pfander, M. E. Muhrer, C. C. Brooks, and G. B. Garner 

As farmers prepare to face the winter feeding 
period with a shortage of good feed, and in some cases 
with no feed, it is fortunate that research workers of 
the past have been able to lay down some basic prin
ci pies concerning the utilization of roughages by ru
minants. 

Most of our present knowledge has been obtained 
because some in vestigator became interested in the 
life processes of rumi nants and made further obser
vations. Investigations in progress may appear to 
some people to be entirely useless and to represent the 
dreaming of an impractical doddler pondering away in 
his ivory tower at the University. But this generation 
may, and the next generat ion will, apply the results 
of current research . It should be remembered that any 
information which can be obtained about the basic 
nature of the life processes of ruminants (sheep, cattle) 
may some day be an important factor in increasing 
the efficiency of utilization of the products of Ameri
can Agriculture. German workers in 1879 showed that 
ruminants could utilize non-protein nitrogen sources 
such as urea. It was not until the second World War 
reduced the supply of protein supplements that re
search workers in the United States and Great Britain 
made practical applications of this finding. They used 
urea to replace part of the protein in ruminant rations. 

Ruminants often are the basis of important farm 
enterprises. Pasture farming is recognized as a must in 
efficient meat and milk production. Ruminants are 
ideally constructed for the utili zation of the products 
of pasture farming. They carry in their first stomach 
or rumen the bacteria and chemicals needed to break 
down the complex carbohydrates found in coarse hays 
and fodders. Today most of our best farmers try to 
obtain maximum growth and production from their 
ruminants by feeding the best roughages and the best 
concentrates available. Many of these products could 
be used as food for man. 

More Food From Fewer Acres 
A 25 to 30 percent increase in population of the 

Un ited States is expected within 20 years. A corre
sponding increase will occur in the requirements for 
food - food which will have to be produced on fewer 
acres. Land is being taken from agri cultural produc
tion by the growth of suburban areas and by the dams 
which in und ate fertile river valleys. Advances in 
technology, better varieties of crops, and heavy ap
plication offertilizer will help meet the additional 
need for food. Each year, however, drought, insects 
and poor harvest weather combine to produce large 
amounts of low grade roughage. Eventually all of the 
United States may be faced with the problem of a 
roughage deficiency. It then will be necessary to de-

termine ways to help ruminants utilize all the coarse 
materials which are higher in cellulose and are com
monly referred to as "agricultural waste." 

Thus, basic research on the ruminant is becom
ing increasingly important. Most of the principles 
wh ich can be used in attacking a problem on rumi
nant nutrition are similar to those which have been 
laid down by nutritionists working in related fields. 
Usuall y the first step in a nutritional investigation is 
to purify the ingredients to be used in the study and 
to obtain as accurate an analysis as possible on the 
components of the ration. By feeding purified com
ponents it is possible to determine the requirements 
of the an im al for individual nutrients. After the re
quirements for each individual nutrient are deter
mined, rations which are believed to contain the cor
rect proportions of each nutrient are formulated and 
the performance of animals fed these rati ns is com
pared to the performance of other animals fed good 
practical rations. The outstanding fearure of such work 
is that the study goes from the simple or purified pro
duct to the complex product. 

Use "Pilot" Artificial Rumen 
Ruminants have one of the most complex eco

logical systems known. Any mammal is a complicated 
machine with many different types of cells and tissues 
and with several coordinating systems. As an added 
complication, ruminants contain large populations of 
micro-flora and micro-fauna in their rumens. Several 
hundred species of bacteria have been identified in 
the rumens of sheep and cattle. The investigation of 

Merle E. Muhrer, professor of agricultural chemistry, 
checks the pH of a laboratory artificial rumen. T hough 
results must be checked in animals, the artificial rumen 
often saves months of live testing. 
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This is a large artificial rumen designed [0 pre-digest 
feed before giving it to animals. Some advantage has been 
found on non-rumen test animals by furnishing them this 
artificial rumen processed feed. 

nutritive requirements of ruminants is difficult. It 
takes large amounts of purified ingredients, costly 
feeds, and much labor to feed and care for the animals. 
However, we can borrow from the methods used by 
nutritionists and engineers and use pilot animals or 
pilot experiments. 

Earl y German workers often used rabbits and 
guinea pigs as pilot animals for determining feeds to 
use in ruminants. While the guinea pig and rabbit are 
herbivorous animals they do not have a population of 
bacteria living in the foregut which will allow maxi
mum fermentation of the ingested carbohydrates. 
Recently the artificial rumen has become a prominent 
"test pilot" for checking nutritional problems in the 
ruminant. 

The artificial rumen has the great advantage of 
allowing an approximate duplication of the acid, air, 
light, water, heat an~ mixing conditions that occur 
in the rumen. It is simple to operate, inexpensive in 
comparison to stud ies on the ruminant, and results 
may be obtained much more rapidly. One can often 
get as much information in a week by using the arti
ficial rumen as is possible to get in several months 
in the ruminant. 

While the artificial rumen will often give clues 
or p~int ~he directio~ of future research, it is necessary 
to check In the ruminant those compounds which are 
found to produce favorable results in the artificial 
rumen. Some compounds which fail to work in the 
arrificial rumen may work if supplied to the ruminanr, 
and some compounds give the opposite results. Sheep 
are u.sefuJ experimental animals because they do not 
reqUIre large amounts of feed and are easier to man
age than cattle. 

Put "Window" In Animals 

~nother useful technique is that of surgically 
opening cecrall1 parts of the digestive tract and in
serting a fistula or window. I Through the fistula the 
investigator can introduce feed or chemicals, with
draw samples, or make direct observations. The ac
companying pictures show a ewe which was fistulared 
in the fall of 1952. 

There are many advantages of having an animal 
with a fistula in the rumen. Samples for analysis can 
be removed from the rumen without danger of con
tamination by sal iva, and without greatly disturbing 
the sheep. It is possible to remove a sample from a 
fistulated cow while she goes right on chewing her 
cud. It often is desirable to introduce substances into 
the rumen which it might be difficult to get sheep to 
eat. It is easy to put any desired compound into the 
rumen by opening the fistula. 

With several animals fitted with fistula into the 
digestion tract, we have studied cellulose digestion 
and the digestive disturbances bloat, ketosis and 
chronic digestion. 

Another aid is inserting tubes intu other parts of 
the digestive tract and into the blood stream to ob
tain samples of body fluids under' different conditions. 

Past research, using some or all of the techniques 
outlined above, has revealed many interesting things 
about ruminant animals. It has been found: that bac
teria li ving in the rumen ferment cellulose and pro
duce fatty acids, methane and carbon dioxide; that 
the bacteria grow and use breakdown products from 
feed protein; and that they are able to get part of the 
nitrogen for growth from the non-protein nitrogen 
compounds of the feed. Common sources of non-pro
tein nitrogen are urea and ammoniated compounds. The 
bacteria also produce B vitamins in adequate amounts 
to meet the requirements of the ruminant. 

To obtain proper function in the rumen, the feed 
must contain, in balanced amounts, a quick source of 
energy ; a readily available protein; and adequate min
erals, especially phosphorus, iron, cobalt, potassium, 
sodium and chloride. Good legume pasture provides 
all the needs of the rumen bacteria. For winter feeding, 
efforts are made to duplicate the composition of pas-

'The fisrula were installed by Dr. E. F. Ebert and associates in the School of Veterinary Medicine department 
of Veterinary Medicine and Surgery. 
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duce fatty acids, methane and carbon dioxide; that 
the bacteria grow and use breakdown products from 
feed protein; and that they are able to get part of the 
nitrogen for growth from the non-protein nitrogen 
compounds of the feed. Common sources of non-pro
tein nitrogen are urea and ammoniated compounds. The 
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To obtain proper function in the rumen, the feed 
must contain, in balanced amounts, a quick source of 
energy ; a readily available protein; and adequate min
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'The fisrula were installed by Dr. E. F. Ebert and associates in the School of Veterinary Medicine department 
of Veterinary Medicine and Surgery. 
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Feeds can be inserted directly into the rumen and 
samples extracted for bacteria diges.tion studies th~ough 
opening made to the rumen of this sheep. The IDsert 
shows a close-up of the fistula seal. 

cure. The energy needs are supplied by grain, molasses, 
or sugar; the protein by good hay, oil meals or urea. 
Legume hay , bonemeal, and omplex mineral mix
tures supply th e mineral. Our experiments are de
signed to determine t he fundamental needs of rumen 
microorganisms living in the animal, in the test tube, 
or in pre-digesters. 

Rumen Synthesizes Vitamins 
The ruminant is superior to the non-ruminant 

with respect to digestion of high fiber feeds, utiliza
tion of non-protein nitrogen and synthesis of vitamins. 
In our research efforts we are attempting to find out 
how the ruminant and its symbiotic bacteria are able 
to perform these things so that we can establish con
ditions that will lead to maximum efficiency of phy
siological functions, for the benefit of the rumjnant. 
Once we discover how the ruminant is able to digest 
cellulose as well as synthesize proteins and vitamins 
from less valuable substances, perhaps we can do these 
things in an artificial rumen for the benefit of other 
animals. It is possible that the products of the arti
ficial rumen could be fed to the less effic ient, non
ruminant. Thus, we could do for the pig and the 
chicken what the cow and sheep do for themselves. 

An artificial rumen large enough to pre-ruminate 
feed for swine and chickens has been set up at the 
Missouri Agricultural Experim nt Station. Feed high 
in fib r, low in proteins and B vitamins but containing 
urea has been fermented in this artificial rumen and 
fed to swine and chickens. In each case this fermented 
feed proved to be superior to the non-fermented ra
tion. 
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A poultry freezer bag is being used here for fecal I-
lection. Excreta as well as the intake must be analyzed 
in many feedi ng trials for complete interpretation of 
the resu lts. 
TABLE 1 -- EFFECT OF FERMENTING RATION m ART
IFICIAL RUMEN ON RATE AND EFFICIENCY OF GAIN IN 

SWINE 
Pounds 

Treatme,lt No. Rate of of Feed 
of of Gain (100 lb. 

Ration P~s (lb./dal) ~ain) 
No treatment 20 .91 507 
Pre-ruminated 24 1.17 403 

The results given in Table 1 were obtained over 
a period of two years, representing four separate feed
ing trials. In each trial the fermented feed was superior 
to the non-fermented feed. These results indicate that 
it is possible to improve a ration for a non-ruminant 
by predigesting it in an artificial rumen . Therefore, 
our knowledge of ruminant nutrition may some day 
be used to advantage in feeding non-ruminants m re 
efficiently. 

Recent investigations at the Missouri Agricultural 
Experiment Station have shown that cellulose dig s
tion can be influenced by a number of compounds not 
previously known to influence the feed valu~ of ra
tions. A basal ration of cottonseed hulls, caseIn, and 
minerals which had been tested in an artificial rum n 
was supplemented with Vitamin A, and fed to sheep. 
After the sheep had been on the ration for 20 days, a 
four day collection period was used to determine the 
digestibility of cellulose and crude protein by the 
chromic oxide reference method. At the end of the 
period a sample of rumen contents was obtained and 
analyzed for the content of volatile fatty acids and the 
bacteria count. 

Supplement Effects on Rumen 
After studies on the basal ration were completed, 

groups of sheep were given supplements of (1) corn 
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groups of sheep were given supplements of (1) corn 



oil, (2) lard, (3) ash from alfalfa grown on these types 
of soil, (4) molasses, and (5) Stilbestrol. The effect of 
the supplements on digestion of cellulose and protein, 
the volatile fatty acids produced, and the bacteria per 
gram of rumen contents is shown in Tables 2, 3, and 
4.2 

TABLE 2 -- EFFECT OF .SOURCESAND LEVELS OF ENERGY 
SUPPLEMENTS ON THE DIGESTION OF CELLULOSE AND 
PROTEIN BY SHEEP; ON THE BACTERIA PRESENT AND 

THE VOLATILE FATTY ACIDS PRODUCED 

1. Basal ration 
2. Basal.j. 3% corn oil 
3. Basal + 6% corn oil 
4. Basal + 3% lard 
5. Basal + 6% lard 
6. Basal + 6.3% molasses 
7. Basal + 12% molasses 

% 
Cellulose 
Digested 

42.5 
27.5 
12.5 
26.6 
24.0 
46.6 
41.7 

No. Volatile 
% Bacteria Fatty 

Protein Per Gm. ACids 
Digested x 109 Produced 

37.1 
30.5 
24 . .1 
37.0 
26.5 
37.7 
28.7 

21 
19 
20 
20 
19 
24 
24 

Mg% 
3.5 

3.2 
2.4 
3.8 

The addition of lard or corn oil to the basal ration 
depressed ceHulose digestion and volatile fatty acid 
production. The rumen contents of the sheep fed 6 
percent corn oil resembled calf scours. When allowed 
to stand in a graduate cylinder for 48 hours a layer of 
fat was observed. The fat did not cause a decrease in 
total bacteria, but there was a decrease in the number 
of small cocci (cellulose digesters) and an increase in 
the number of small rods. 

When 6.3 percent molasses was added to the ra
tion there was a slight increase in cellulose digested 
and in the bacteria present. Twelve percent of mo
lasses lowered the digestibility of protein and did not 
increase the digestion uf cellulose. Other workers have 
reported similar results. 

Some presently unrecognized mineral or com
bination of minerals in the ash of alfalfa from fertile 
soil was found to increase the digestion of cellulose. 

TABLE 3 -- EFFECT OF ASH OF ALFALFA FROM THREE 
TYPES OF SOIL ON DIGESTION OF CELLULOSE BY SHEEP 

Percent No. 
% Cell Protein Bacteria VF A 

Digested Digested x 109 Prod. 

Basal Ration 
Basal + ash from alfalfa 

grown on Sarpy fine 
sandy loam 

Basal + ash from alfalfa 
grown on Knox silt loam-

42.5 

46.4 

complete fert. 44.3 
Basal + ash from alfalfa 

grown on Hagerstown silt 
loam treated with lime. 42.5 

3'1 .1 

39.2 

37.2 

21 

29 

26 

22 

Mg% 
3.5 

5.7 

4.1 

3.9 

Apparently the same mineral or combination of 
minerals in ash from alfalfa grown on fertile soil stim
ulates the growth of rumen bacteria and causes them 
to digest more cellulose and produce more volatile 

fatty acids. 
Stibestrol increased digestion of cellulose in the 

artificial rumen, and for a time in sheep, but the con
dition of the experimental sheep revealed that a com
pound may not be desirable in the ration just because 
it increases digestion. This sheep was close to death 
before proper treatment was used to bring him back 
to normal. 

TABLE 4 -- EFFECT OF DIETHYL STILBESTROL ON 
DIGESTION OF CELLULOSE BY SHEEP 

Ration 

Basal 
Basal + 10 PPM Stilbestrol 

1 month 
Basal + 20 PPM Stilbestrol 

2 months 

% 
Cellulose 
Digested 

42.5 

44.3 
Sheep 
refused food 

VFA 
Prod. 
Mg% 

3.5 

3.9 

3.3 

The study on factors which influence cellulose di
gestion can be summarized as follows: 

(1) Corn oil or lard should not be added to high 
fiber maintenance rations of ruminants. It may be 
possible to feed fat to ruminants if it is not fed with 
the roughage or if it is fed to fattening animals. 

(2) Diethyl stilbestrol (10 PPM) will increase 
cellulose digestion and overcome some of the depress
ing effects of fat, but cannot be tolerated by sheep for 
more than 4 to 6 weeks. 

(3) The ash of alfalfa grown on fertile soil con
tains some substance or combination of substances 
which stimulate microorganisms to ferment cellulose 
and produce high levels of volatile fatty acids. The ash 
will prevent part of the depressing effect caused by 6 
percent fat in the ration. 

(4)The readily available energy requirement of 
the cdlluose digesting organisms appears to be met 
by the addition of 6.3 percent molasses to a cotton
seed hull ration. 

(5) Factors which cause an increase in the number 
. of rumen bacteria may not increase cellulose digestion. 

One factor which often is overlooked in current 
ruminant feeding experiments is that readily available 
nutrients may be much more than total nutrients in 
establishing a good working group of bacteria for a 
ration. Research has shown that certain coarse hays 
may contain fairly satisfactory amounts of trace min
erals and nitrogen but, due to their high degree of 
lignification, the bacteria are not able to utilize the 
compounds for their own growth and, as a result, 
cellulose is not well digested. On some of these 
coarse hays the animal actually: may become deficient 
in some of the important mInerals, although the 
roughage would appear to contain adequate amounts 
when considered in terms of chemical analyses. . . 

2Chemical analyses for cellulose, protein, and chromic oxide were run in the Experiment Station analytical 
laboratory under the direction of Dr. C. W. Gehrke. 

-32-

oil, (2) lard, (3) ash from alfalfa grown on these types 
of soil, (4) molasses, and (5) Stilbestrol. The effect of 
the supplements on digestion of cellulose and protein, 
the volatile fatty acids produced, and the bacteria per 
gram of rumen contents is shown in Tables 2, 3, and 
4.2 

TABLE 2 -- EFFECT OF .SOURCESAND LEVELS OF ENERGY 
SUPPLEMENTS ON THE DIGESTION OF CELLULOSE AND 
PROTEIN BY SHEEP; ON THE BACTERIA PRESENT AND 

THE VOLATILE FATTY ACIDS PRODUCED 

1. Basal ration 
2. Basal.j. 3% corn oil 
3. Basal + 6% corn oil 
4. Basal + 3% lard 
5. Basal + 6% lard 
6. Basal + 6.3% molasses 
7. Basal + 12% molasses 

% 
Cellulose 
Digested 

42.5 
27.5 
12.5 
26.6 
24.0 
46.6 
41.7 

No. Volatile 
% Bacteria Fatty 

Protein Per Gm. ACids 
Digested x 109 Produced 

37.1 
30.5 
24 . .1 
37.0 
26.5 
37.7 
28.7 

21 
19 
20 
20 
19 
24 
24 

Mg% 
3.5 

3.2 
2.4 
3.8 

The addition of lard or corn oil to the basal ration 
depressed ceHulose digestion and volatile fatty acid 
production. The rumen contents of the sheep fed 6 
percent corn oil resembled calf scours. When allowed 
to stand in a graduate cylinder for 48 hours a layer of 
fat was observed. The fat did not cause a decrease in 
total bacteria, but there was a decrease in the number 
of small cocci (cellulose digesters) and an increase in 
the number of small rods. 

When 6.3 percent molasses was added to the ra
tion there was a slight increase in cellulose digested 
and in the bacteria present. Twelve percent of mo
lasses lowered the digestibility of protein and did not 
increase the digestion uf cellulose. Other workers have 
reported similar results. 

Some presently unrecognized mineral or com
bination of minerals in the ash of alfalfa from fertile 
soil was found to increase the digestion of cellulose. 

TABLE 3 -- EFFECT OF ASH OF ALFALFA FROM THREE 
TYPES OF SOIL ON DIGESTION OF CELLULOSE BY SHEEP 

Percent No. 
% Cell Protein Bacteria VF A 

Digested Digested x 109 Prod. 

Basal Ration 
Basal + ash from alfalfa 

grown on Sarpy fine 
sandy loam 

Basal + ash from alfalfa 
grown on Knox silt loam-

42.5 

46.4 

complete fert. 44.3 
Basal + ash from alfalfa 

grown on Hagerstown silt 
loam treated with lime. 42.5 

3'1 .1 

39.2 

37.2 

21 

29 

26 

22 

Mg% 
3.5 

5.7 

4.1 

3.9 

Apparently the same mineral or combination of 
minerals in ash from alfalfa grown on fertile soil stim
ulates the growth of rumen bacteria and causes them 
to digest more cellulose and produce more volatile 

fatty acids. 
Stibestrol increased digestion of cellulose in the 

artificial rumen, and for a time in sheep, but the con
dition of the experimental sheep revealed that a com
pound may not be desirable in the ration just because 
it increases digestion. This sheep was close to death 
before proper treatment was used to bring him back 
to normal. 

TABLE 4 -- EFFECT OF DIETHYL STILBESTROL ON 
DIGESTION OF CELLULOSE BY SHEEP 

Ration 

Basal 
Basal + 10 PPM Stilbestrol 

1 month 
Basal + 20 PPM Stilbestrol 

2 months 

% 
Cellulose 
Digested 

42.5 

44.3 
Sheep 
refused food 

VFA 
Prod. 
Mg% 

3.5 

3.9 

3.3 

The study on factors which influence cellulose di
gestion can be summarized as follows: 

(1) Corn oil or lard should not be added to high 
fiber maintenance rations of ruminants. It may be 
possible to feed fat to ruminants if it is not fed with 
the roughage or if it is fed to fattening animals. 

(2) Diethyl stilbestrol (10 PPM) will increase 
cellulose digestion and overcome some of the depress
ing effects of fat, but cannot be tolerated by sheep for 
more than 4 to 6 weeks. 

(3) The ash of alfalfa grown on fertile soil con
tains some substance or combination of substances 
which stimulate microorganisms to ferment cellulose 
and produce high levels of volatile fatty acids. The ash 
will prevent part of the depressing effect caused by 6 
percent fat in the ration. 

(4)The readily available energy requirement of 
the cdlluose digesting organisms appears to be met 
by the addition of 6.3 percent molasses to a cotton
seed hull ration. 

(5) Factors which cause an increase in the number 
. of rumen bacteria may not increase cellulose digestion. 

One factor which often is overlooked in current 
ruminant feeding experiments is that readily available 
nutrients may be much more than total nutrients in 
establishing a good working group of bacteria for a 
ration. Research has shown that certain coarse hays 
may contain fairly satisfactory amounts of trace min
erals and nitrogen but, due to their high degree of 
lignification, the bacteria are not able to utilize the 
compounds for their own growth and, as a result, 
cellulose is not well digested. On some of these 
coarse hays the animal actually: may become deficient 
in some of the important mInerals, although the 
roughage would appear to contain adequate amounts 
when considered in terms of chemical analyses. . . 

2Chemical analyses for cellulose, protein, and chromic oxide were run in the Experiment Station analytical 
laboratory under the direction of Dr. C. W. Gehrke. 

-32-



Investigations using the animals wi th fistulae 
revealed that when juice pressed from clover or alfal
fa was placed in t he rumen the animal bloated very 
rapidly. This suggested that the juices co~ ta i.ned a 
material which prevented the proper functioning of 
the muscles of the wall of the rumen in forcing out 
excess gas or that so me of the juice contained ma
terials which caused very rapid fermentation, result
ing in the production of a great excess of gas. A sam
ple of rumen contents taken from a heifer with chr?n
ic bloat was found to co ntain an organi sm wh ich 
rapidly produced a very fou l smelling gas. 

Two Phases Research Vital 
One of the great needs of the Un ited States is for 

more basic research. European countries have furnish
ed a majority of the basic observations in the field of 
nutrition. Americans have been adept in applying the 
results of European research. Ir would seem very ap
propriate that America begin to build a stockpile of 
basic information and to train more agricultural sci
entists in the basic tecnniques which are needed for the 
complete study of ruminant physiology and nutrition. 

Attempting to forecast the trends of future work 
is always a difficult task. But a few signposts indicate 
that a great deal of research defi nitely needs to be done 
in at least two general areas. 

1. Certainly, the artificial rumen will continue to 
be a very popular tool in studying micro-biol.ogical 
aspects of ruminology. We need to know which or
ganisms are important ; what they do ; and how they 
are effected by various changes in rations. More pure 
cultures must be obtained and the behavior of each 
organism worked out. After the organization and be
hav ior of the different organisms is kn own, mixed 
cultures can be prepared similar to those which exist 
in the rumen, and the associative effects of the various 
organisms can be determined . 

Basic information obtained from the art ificial 
rumen can be used to predict the changes whi ch 
should take place when animal feeding is changed 

Sheep are pictured entering feeding crates on the Ex
periment Station feeding Boor. Sheep are used on many 
of the rumen investigations because they are eas ier co han
dle than larger animals. 

from grass to drylot or vice versa, and will allow us to 

control the desirable features of fermentation and to 
eliminate undesirable products whi ch cause digestive 
disturbances, 

2. Work on the ruminant itself must be directed 
tOward determining the changes in the levels of vari
ous substances in the blood and tissues-changes 
whi ch are brought about by changing the feed of the 
animal or by changing the microorganism population 
present in the rumen. It will be necessary to observe 
the physiological reaction of animals when they are 
given var ious substances wh ich have produced an 
effect in the artificial rumen, and to identify and learn 
the physiology of the orga ni sms that are found nor
mally in the rumen. The results will be applied to es
tablish production performance on winter feed at the 
same level as that obtained by grazing animals on the 
best pastures available. The fina l result shou ld be an 
increase in efficiency and in the rate of gains in the 
ruminant fed coarse ro ughage-an increase in pro
duction which will result from the utili zation of waste 
produ ts changed in to meat and other products by 
rumin ant animals. 

Fifty years ago, nutritionists were studying the 
performances of an imals fed combination of minerals, 
protein, and fat, and investigating the value of feeds 
and seeds from different plants. They found that puri
fied or si ngle ingredient products could not support 
growth or, in mOSt cases, li fe. Continued inves tiga
tions, started about 1900, and spread over the past 50 
years, have developed basic concepts, isolated and 
synthesized chemical compounds, and developed the 
vitamin story as we know it today. Knowledge f 
vitamin nutrition has been an important factor in ob
taining increased efficiency and faster rates of gain in 
swine and broiler rations. It is Fossible that we are at 
the beginning of a period of rumen research that will 
revolutionize the feeding of ruminants, as vitamin re
search has changed poultry and swine feeding prac
tices. 
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FUNDS AVAILABLE TO EXPERIMENT STATIONS FOR THE YEAR ENDED JUNE 30, 1952 

State Appropriations, State Funds other than Appropriated, Federal Funds, and the Total 
Funds for Agricultural Experiment Stations, Fiscal Year 1951-52 (1) 

Endowments, 
State Grants, Fees, Federal 

Appropriations Sales, Misc. Funds * Total Rank 
$ $ $ $ 

California 4,946,535.8.1 331,429.62 322, 777.15 5,600,742.58 1 
New York 3,212,932.52 452,646.50 390,225.23 4,055,804.25 2 
Florida 2,307,021.00 749,643.93 226,728.98 3,283,393.91 3 
Texas 1,230,010.00 1,397,684.62 505,589.70 3,133,284.32 4 
Wisconsin 1,448,547.00 1,085,609.00 335,013.02 2,869,169.02 5 
Iowa 1,080,000.00 1,152,703.85 339,980.29 2,572,684.14 6 
Illinois 1,510,468.68 577,570.77 350,211 .82 2,438,251.27 7 
Minnesota 1,412,843.83 642,322.77 313,501.57 2,368,668.17 8 
Indiana 979,042.50 1,310,510.45 345,333.02 2,289,552.95 9 
Washington 1,501,279.41 357,345.12 279,985.46 2,138,609.99 10 
Oregon 1,272,748.40 553,756.75 220,162.73 2,046,667.88 11 
Ohio 1,211,844.12 242,766.83 413,019.30 1,867,630.25 12 
North Carolina 1,168,731.51 241,350.79 424,200.46 1,834,282.76 13 
Michigan 1,048,245.49 273,536.78 365,100.37 1,686,&8'2.64 14 
Alabama 673,385.00 672,896.35 340,159.12 1,686,440.47 15 
Louisiana 1,297,464.59 105,645.51 268,493. 96 1,671,604.06 16 
Mississippi 673,916'.70 606,311.46 373,117.57 1,653,345.73 17 
Oklahoma 847,394.00 472,862.23 265,325.67 1,585,581.90 18 
Pennsylvania 706,047.00 382,647.34 427,367.39 1,516,061.73 19 
New Jersey 863,897.69 405,403.71 203,210.19 1,472,511.59 20 
Nebraska 567,685.44 605,716.73 212,560. 06 1,385,962. 23 21 
Kansas 805,570.00 318,778.50 245,021.55 1,369,370.05 22 
MISSOURI 238,041.61 718,679.79 299,348.01 1,256,069.41 23 
Virginia 806,552 . 74 92,634 . 12 315,912.57 1,215,099.43 24 
South Carolina 449,394.80 ,279,686.74 285,890.88 1,014,972.42 25 
Montana 458,300.87 362,330.70 184,086.68 1,004,718.25 26 
Georgia 362,178.00 233,537.39 389,415.90 985,131.29 27 
Tennessee 310,05'7.12 302,072.67 341,520.40 953,650.19 28 
Connecticut 644,994 . 20 115,247.28 177,803.95 938,045~43 29 
Arkansas 361,236.45 253,066.75 289,263.04 903,566.24 30 
Kentucky 257,021.68 334,203.22 310,021.69 901,246.59 31 
North Dakota 496,733.94 196,826.86 172,574.09 866,134 .89 32 
Colorado 316,073.19 298,777.88 212,128.71 826,979.78 33 
Idaho 505,375 .99 142,718.32 164,017. 27 812,111.58 34 
Utah 356,000. 00 201,657. 98 186,058.51 743,716 .49 35 
Maryland 330,932 . 27 204,344.10 205,696.85 740,973.22 3f> 
West Virginia 227,I:U2.00 193,385.91 293,691.08 714,888 . 99 37 
Mas sachusetts 442,2'13.45 47,778.17 180,941.40 670,933 . 02 38 
South Dakota 269,073.00 171,993.39 18.6,472.07 627.,538.46 39 
Arizona 333,626.41 89,230.76 164,665.08 585,'522.25 40 
Wyoming 308,623.36 121,680.96 147,340.12 577,644.44 41 
New Mexico 290,950.00 65,881.46 165,693.00 522,524.46 42 
Maine 215,707.00 44,514.54 185,348.03 445,569.57 43 
Delaware 141~417 .21 158,832.53 126,572.30 426,822.04 44 
Rhode Island 60,208.07 39,348.08 151,370.99 250,927.14 45 
Vermont 75,173.80 21,866.18 144,833.59 241,873.57 46 
New Hampshire 59,512.56 6,381.97 135,533.11 201,327.64 47 
Nevada 36,756.99 35,079.49 123;.687.86 195,524.34 48 

*Carry-over has ,been removed. 
(1) Report on the Agricultural Experiment Stations, 1952 OES January 1953. 

FUNDS AVAILABLE TO EXPERIMENT STATIONS FOR THE YEAR ENDED JUNE 30, 1952 

State Appropriations, State Funds other than Appropriated, Federal Funds, and the Total 
Funds for Agricultural Experiment Stations, Fiscal Year 1951-52 (1) 

Endowments, 
State Grants, Fees, Federal 

Appropriations Sales, Misc. Funds * Total Rank 
$ $ $ $ 

California 4,946,535.8.1 331,429.62 322, 777.15 5,600,742.58 1 
New York 3,212,932.52 452,646.50 390,225.23 4,055,804.25 2 
Florida 2,307,021.00 749,643.93 226,728.98 3,283,393.91 3 
Texas 1,230,010.00 1,397,684.62 505,589.70 3,133,284.32 4 
Wisconsin 1,448,547.00 1,085,609.00 335,013.02 2,869,169.02 5 
Iowa 1,080,000.00 1,152,703.85 339,980.29 2,572,684.14 6 
Illinois 1,510,468.68 577,570.77 350,211 .82 2,438,251.27 7 
Minnesota 1,412,843.83 642,322.77 313,501.57 2,368,668.17 8 
Indiana 979,042.50 1,310,510.45 345,333.02 2,289,552.95 9 
Washington 1,501,279.41 357,345.12 279,985.46 2,138,609.99 10 
Oregon 1,272,748.40 553,756.75 220,162.73 2,046,667.88 11 
Ohio 1,211,844.12 242,766.83 413,019.30 1,867,630.25 12 
North Carolina 1,168,731.51 241,350.79 424,200.46 1,834,282.76 13 
Michigan 1,048,245.49 273,536.78 365,100.37 1,686,&8'2.64 14 
Alabama 673,385.00 672,896.35 340,159.12 1,686,440.47 15 
Louisiana 1,297,464.59 105,645.51 268,493. 96 1,671,604.06 16 
Mississippi 673,916'.70 606,311.46 373,117.57 1,653,345.73 17 
Oklahoma 847,394.00 472,862.23 265,325.67 1,585,581.90 18 
Pennsylvania 706,047.00 382,647.34 427,367.39 1,516,061.73 19 
New Jersey 863,897.69 405,403.71 203,210.19 1,472,511.59 20 
Nebraska 567,685.44 605,716.73 212,560. 06 1,385,962. 23 21 
Kansas 805,570.00 318,778.50 245,021.55 1,369,370.05 22 
MISSOURI 238,041.61 718,679.79 299,348.01 1,256,069.41 23 
Virginia 806,552 . 74 92,634 . 12 315,912.57 1,215,099.43 24 
South Carolina 449,394.80 ,279,686.74 285,890.88 1,014,972.42 25 
Montana 458,300.87 362,330.70 184,086.68 1,004,718.25 26 
Georgia 362,178.00 233,537.39 389,415.90 985,131.29 27 
Tennessee 310,05'7.12 302,072.67 341,520.40 953,650.19 28 
Connecticut 644,994 . 20 115,247.28 177,803.95 938,045~43 29 
Arkansas 361,236.45 253,066.75 289,263.04 903,566.24 30 
Kentucky 257,021.68 334,203.22 310,021.69 901,246.59 31 
North Dakota 496,733.94 196,826.86 172,574.09 866,134 .89 32 
Colorado 316,073.19 298,777.88 212,128.71 826,979.78 33 
Idaho 505,375 .99 142,718.32 164,017. 27 812,111.58 34 
Utah 356,000. 00 201,657. 98 186,058.51 743,716 .49 35 
Maryland 330,932 . 27 204,344.10 205,696.85 740,973.22 3f> 
West Virginia 227,I:U2.00 193,385.91 293,691.08 714,888 . 99 37 
Mas sachusetts 442,2'13.45 47,778.17 180,941.40 670,933 . 02 38 
South Dakota 269,073.00 171,993.39 18.6,472.07 627.,538.46 39 
Arizona 333,626.41 89,230.76 164,665.08 585,'522.25 40 
Wyoming 308,623.36 121,680.96 147,340.12 577,644.44 41 
New Mexico 290,950.00 65,881.46 165,693.00 522,524.46 42 
Maine 215,707.00 44,514.54 185,348.03 445,569.57 43 
Delaware 141~417 .21 158,832.53 126,572.30 426,822.04 44 
Rhode Island 60,208.07 39,348.08 151,370.99 250,927.14 45 
Vermont 75,173.80 21,866.18 144,833.59 241,873.57 46 
New Hampshire 59,512.56 6,381.97 135,533.11 201,327.64 47 
Nevada 36,756.99 35,079.49 123;.687.86 195,524.34 48 

*Carry-over has ,been removed. 
(1) Report on the Agricultural Experiment Stations, 1952 OES January 1953. 
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