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RESEARCH... _
_in a Growing Minnesota
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THE DRAMATIC CHANGES in agriculture during the past
two decades have presented the University of Minnesota’s
Agricultural Experiment Station with new chailenges and new
opportunities.

Minnesota Science is one of the ways in which we try to
keep you up-to-date on the results of our research. This issue,
for example, tells about a wide variety of research. You can
read about the dramatic story of soybeans, soil and water
losses, the probabilities of wet and dry days, reproduction
research, and many other important topics affecting the entire
state. In all there are 364 research projects conducted by the
Experiment Station.

The results of this research are brought to you in many
ways. Here are a few:

County Extension Agents, your local University repre-
sentatives, base their educational efforts on research. Thus
the meetings and workshops they conduct or arrange, the
calls you make to their offices, the counsel they give to many
individuals and groups, and the publications they issue or
distribute are important ways of bringing research results
to you.

Bulletins of the Agricultural Experiment Station report in
more detail the results of our investigations. You can be
placed on a list to receive announcements of these by writing
directly to Minnesota Science.

Field Days at our agricultural experiment stations
throughout the state feature specific information and results
for the area. Again, watch your local paper and listen to your
local radio station for announcements. Several are scheduled
this fall.

Research Report, a weekly radio program carried by
40 local stations in Minnesota, brings the latest information
from the University to you.

Special science stories appear regularly in the press
of the state.

We could add many other ways we try to bring you
information about our research. We ‘welcome, too, your sug-
gestions and ideas.

SOYBEAN PRODUCTION in
Minnesota has multiplied more
than 26 times since the end
of World War I, passed the
3-million-acre mark in 1965.
A background report on Min-
nesota’s soybean industry be-
gins on page 3; information
on a special problem, seed
coat mottling in soybeans, is
found on page 31. The cover photo shows a scene that will
be repeated in thousands of Minnesota soybean fields this fall.

MINNESOTA ScrENCE



Soybeans--A Spectacular Minnesota Crop

VEN IN THE MOST DRAMATIC ACCOUNTS of

agricultural innovation and change after World War
1I, the soybean stands out as spectacular.

Research interest already bestowed upon this humble
little seed stands to pale alongside future scientific energy
directed toward this crop. Little wonder that a major
Midwestern newspaper, in jocular cartoon humor, once
referred to the increasing soybean acreage as a “hill of
beans that amounts to something.” What soybeans
amount to may be shown by some hard figures:

e Nationally, annual soybean production more than

tripled since the end of World War 1I, reaching
840 million bushels in 1965 and around 900 million
in 1966. Soybeans made up 5 percent of all cash
farm receipts in 1964, compared with 1.7 percent
in 1947.

e In Minnesota (fourth largest soybean grower in
the nation) production multiplied more than 26
times in the same period, passing the 3-million-acre
mark in 1965.

e World markets are taking an increasing share of
soybean production. They accounted for roughly
half of the $2.1 billion worth of soybeans and
products (value at farm level) in 1965, compared
with about 14 percent of the farm value in 1947-49.

Thus it isn’t surprising to find the soybean such a
popular object for research. It has diverse uses and its
diversity is in some ways a key to its abundance. In-
creased demand and research in soybean production
and processing made the abundance possible and feasi-
ble. Research in economic aspects has highlighted both
the diversity and limitations of the bean. Research on
new uses, and varieties adaptable to new uses, may ex-
tend its potential even further.

Yes, soybean versatility is deceptive, often obscuring
the fact—well established by economics research—that
the soybean market is overwhelmingly dominated by a
few outlets. A list of soybean products is impressive:
animal feeds, food products for human consumption, in-
dustrial uses for meal and whole beans, margarine and
salad dressing, and a variety of industrial uses for the
oil. But for the bulk of soybean utilization you can look
to animal feed and human food uses for beans, meal, and
oil. Industrial uses account for under 5 percent of the
total value of the crop.

As with many rapidly expanding industries, the
growth of soybean production and processing has been
uneven. Agricultural Economist James P. Houck has com-
pared the utilization patterns of soybeans and products
in two periods, 1962-64 and 1947-49. The data, providing
a snapshot of the industry at two times, show a number
of specific trends.

Bean Utilization

Houck looked at three major forms of soybean utili-
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zation—on-farm feed and seed, bean exports, and crush-
ing. The first of these forms is a small proportion of the
total, accounting for under 8 percent. The value of bean
exports boomed during the 15-year period between
Houck’s analysis, however, surging ahead at an annual
rate of 19 percent. Exports of whole beans accounted for
27 percent of farm value in 1962-64, compared with only
6 percent during 1947-49.

Yet the domestic crushing industry was the most im-
portant user of U. S. soybeans through all of these years.
Although it dropped from 83 to 66 percent of the total
farm value between the two periods, domestic crushing
actually increased 6 percent annually in actual value of
beans used. The average crushing and handling margin—
difference between what processors pay for beans and
wholesale prices they get for meal and oil—dropped
trom 79 cents per bushel in 1947-49 to 20 cents in 1962-
64. This reduction stemmed from a more efficient chemi-
cal extraction method adopted in the early 1950’ and
from other improvements in handling and processing in
more recent years.

Meal vs. Qil Markets

The most solid growth in the soybean industry, Houck
found, was in meal markets. Value of meal has grown at
about 7.6 percent annually, nearly tripling in the 15-year
pericd he studied. The outlets were both foreign and
domestic. Farmers in the United States and other nations
contributed to this increase by raising larger numbers of
hogs, chickens, and other livestock. These are the major
uses for meal; edible and industrial uses provided only a
fraction of 1 percent of farm level values in 1962-64.

In general, soybean oil has not enjoyed as much in-
crease in market demand, compared with meal. Oil
prices show it; they drifted down from 1947-49 levels
as supplies grew faster than demand. They would have
tallen more had there been no Public Law 480 shipments.
Oil made up half of the value of crushed beans in 1947-
49, compared with only a third in 1962-64.

Some increase in oil value resulted from expanded
use in fcod products such as margarine and exports.
Nonfood uses of soybean oil, mostly in paint and soap
products, actually shrunk in value in the period Houck
studied. Even in exports, there was little increase in
commercial value of oil. However, large government-
sponsored Public Law 480 oil shipments under the Food
for Peace program more than doubled total oil export
values between 1947-49 and 1962-64. These “nondollar”
exports accounted for over half of the 1962-64 export
value and an eighth of the total value of oil production.

Soybean “Exports” Out-of-State and Out-of-Country

Since markets outside the state are so important to
the Minnesota soybean grower and processor, the bean
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consumer must be kept in mind. One Minnesota plant
crushes 180 million tons or more of beans in a year and
both the oil and the meal then leave the area for further
processing and distribution.

Economist Reynold P. Dahl points out that two of
our big customers for soybeans outside the North Ameri-
can continent are West Germany and Japan. Their uses
of soybeans are quite different, but together they point
up a challenge for research in economics and production
technology.

West Germany’s booming livestock and poultry in-
dustries have been a boon for U.S. soybean exporters.
European farmers import most of their high-protein
feeds, and have recently bought more U.S. soybeans.
Even with the uncertainties of the European Economic
Community (Common Market), Dahl says prospects are
good for a continued rise of exports of beans and meal
to Western Europe in general.

The ultimate factor, of course, is the European citizen
who is eating more meat than ever. Between 1956 and
1961 meat consumption in EEC countries went up sharp-
ly. Increases were 20 percent for beef and veal, 18 per-
cent for pork, and a whopping 78 percent for poultry.
Assuming a continued rise in consumer income, econo-
mists expect increase in meat consumption in Europe
during the currrent decade.

But in Germany as in other European nations, the
outlook for oil is not as bright. Income elasticities for fats
and oils in Europe are lower than those for meat. This
simply means that change in personal income in these
countries is not accompanied by as much of change in
demand for oils as for meat. Thus, demand for vegetable
oil is likely to increase at a much slower rate than de-
mand for oilseed cakes and meal, since the latter is tied
to meat consumption. Furthermore, other oils—such as
from olives, peanuts, coconuts, and animal fat—compete
with soybean oil for international consumer markets.

Japan presents a quite different kind of situation—a
kind of marketing challenge which the soybean industry
so far is accepting with enthusiasm. Japan is now the
biggest single export customer for soybeans, having gone
from 20 million bushels of U.S. soybeans annually to
more than 60 million over the past decade. The Japanese
use soybeans partly for human food and partly for live-
stock production. They also grow beans themselves and
import beans from Red China, the world’s only other
major exporter.

During the past decade, U. S. soybean producers have
been working with the USDA Foreign Agricultural Serv-
ice on a market development project in Japan. The po-
tential for such a project is apparent enough; the problem
lies in the fact that every bushel of soybeans crushed to
produce meal also produces oil. Here is the rub! The
average Japanese citizen consumes about 15 pounds of
edible oils per year, less than a third of the consumption
of the average U. S. citizen. Although Japanese nutrition-
ists hope to increase their domestic oil consumption,
Japanese soybean oil is showing up in world markets in
competition with United States soybean oil. Little won-
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der then that the industry seeks new uses to boost con-
sumption for soybean oil.

In another respect, however, U.S. research tech-
nology may be moving toward opening up one segment
of the Japanese food market. Japanese use soybeans for
a variety of foods, but prefer for these foods soybeans
with a uniform yellow color, in addition to other less
well-defined quality characteristics.

Many U.S. soybeans in the past have had colored
hila, or seed scars, which the Japanese find objectionable.
Minnesota researchers recently developed a new variety
of soybeans, adapted to local growing conditions, which
has a yellow hilum and other special quality attributes
desired in the market. The variety is Traverse, released
in 1965 and adapted to west-central and southern Minne-
sota. Other states have also been active in development
of such varieties. Iowa last year introduced the yellow-
hilum variety Amsoy. Another Iowa variety, Hark, is
likely to be important in southern Minnesota and was
increased in 1966.

Will these yellow-hilum varieties break into the
Japanese food market? Time and market development
efforts in that nation will tell. Efforts are now underway
to build use of these varieties among Japanese focd
processors. There also must be a premium to U.S. pro-
ducers and exporters for expenses involved in shipping
these new varieties “identity preserved” (free of varietal
mixture ) to Japan.

In summary, then, the soybean industry can look
forward to general expansion. The best prospects for
the industry are in beans and meal, with substantial
growth in exports. New and perhaps exotic uses for soy-
beans may develop and may provide nominal additions
to overall growth. The less optimistic picture is on the oil
side, although there should be moderate growth in dollar
markets for oil and oil-using products. Food for Peace
shipments will probably continue to be a factor in price
strength for oil.

Expansion in the soybean industry would seem to call
for expanded research. As Dahl puts it, success in the
export market requires a dependable source of the prod-
uct youre selling. At least two kinds of research needs
are apparent. One is for study of ways to produce at
lower costs per unit. Another is for study of trends in
industrial and consumer demand, not just at home but
around the world.

A curious fact about soybeans is that expansion in
production has occurred in spectacular fashion with only
modest increases in average yields. In Minnesota, soy-
beans averaged under 14.2 bushels per acre in 1941-45,
16.7 per acre in 1946-50, and slightly over 21 bushels per
acre during 1961-65.

This modest increase is parallel with the increase in
national yield averages over the same span of years.
Thus, even with higher bean prices, it is becoming
more difficult for soybeans to compete with corn for
acreage in the Corn Belt. This apparent “yield barrier”
in soybean production raises a special problem for re-
search today and in the future.

MINNESOTA SCIENCE



The Pocket Gopher

in Minnesota

James R. Beer

THE pocket gopher, a destructive and troublesome

wild mammal, affects Minnesota’s agriculture. His
tunneling damages many crops by cutting or exposing
the root systems; death or reduced vigor of the plants
occurs. In hilly areas, these tunnels are often the starting
points of damaging soil erosion. The mounds of dirt
which are pushed up cover small plants and make the
mowing of alfalfa and harvesting of other crops difficult.

The extent of the problem is indicated by results of
a questionnaire sent to the several Minnesota county
agents. Pocket gophers were noted and recognized in 81
counties; they were abundant enough to be considered
a problem in 64 counties. In about 40 counties, the county
and/or the township paid bounties on pocket gophers.

Trapping and distributing poisoned bait by hand have
given mediocre control results. A burrow builder, a
machine that makes an artificial burrow and automati-
cally dispenses poisoned bait, gives the best control re-
sults when the area is large enough for its use.

To properly evaluate the problems involved in con-
trolling the pocket gopher, we must understand its habits.
This animal spends almost its entire life underground in
a system of burrows which it digs. These tunnels, usually
about 2% inches in diameter, may be barely under the
surface of the soil or 6 feet deep. Most burrows are
about 8 inches deep with occasional dips to 18 inches.
The shallow burrows are feeding tunnels; deeper burrows
usually lead to their nests.

The pocket gopher feeds entirely on vegetation, pri-
marily the fleshy roots of plants such as bluegrass and
alfalfa. Although the quantity of tree roots taken annually
is not great, gophers may extensively damage young
orchard trees and Christmas tree plantations. They find
the roots by random digging. While burrowing, they
push the dirt up to the surface, forming the characteristic
mounds. Sometimes they push the dirt into unused
tunnels.

During the spring and early summer, pocket gophers
dig only enough to satisfy their daily food requirements.
At this time they may plug old burrows and go several
weeks without putting up a mound. But during the late
summer they start gathering and storing roots for winter.
You generally can see a sharp increase in the number of
new mounds about the first of September. This activity
continues until the soil freezes, but at a decreased rate
after the middle of October.

James R. Beer is an associate professor, Department of Entomology,
Fisheries, and Wildlife.
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The pocket gopher stores roots in chambers near the
soil surface. Individual storage chambers usually contain
from 2 to 4 quarts of roots. When chambers are filled,
they are sealed off from the tunnels by an earth plug.

The pocket gopher remains active throughout the
winter in his burrows and does some digging below the
frost line. He packs the dirt into shallow tunnels.

When about 1 year of age, the pocket gopher breeds.
The breeding season starts during the latter part of
March, but some females do not breed until several
weeks later. An average of four young are produced per
litter. About 95 percent of the females breed; about 71
percent produce two litters. Normally, there are about
twice as many females in the breeding population. In
stable populations, about half of the young survive until
they are independent of the maternal burrow system. But
if the population is at a low level and there is not great
compitition for a suitable place to live, about three-
fourths of the young survive.

Not being a social animal, the pocket gopher tends
to live alone. Occasionally, several gophers may be found
in a single burrow system. This social intolerance prob-
ably forces the young to leave the home burrow and
travel above ground in quest of a new home. They are
known to travel over a quarter of a mile in this manner.

This movement of young starts in late summer but
is most prevalent in fall. After finding a suitable area,
the young animal establishes a burrow system in which
it spends the rest of its life. These burrow systems or
home areas usually are not more than 200 feet across.
Once a pocket gopher is established, his chances of
survival are good. The survival rate runs from about 50
to 80 percent per year for females and from about 25
to 45 percent for males. Some females live at least 4 or
or 5 years.

Unless large areas are systematically worked, control
methods give short-lived results. Since it is often not
practical to cover large areas completely, you have to
think in terms of a continuing program. Control methods
usually are most effective in the late fall when: (1) the
presence of pocket gophers is most easily determined,
(2) soil conditions are often suitable for use of the
burrow builder, and (3) animals are gathering food.

By eliminating pocket gophers in the fall, no repro-
duction will occur in the area the following spring. But
the area will be reinvaded the next fall. During the
second spring, some moderate reproduction will occur.
With further invasion of outside animals, a nearly normal
breeding population will be established by the second
fall. At this time control methods are again necessary.







several that had not been found previously by ground
detection. A disease such as oak wilt ordinarily affects
the uppermost portions of the tree crown first, and who
—or what—can see it better than a camera looking down
from above?

The infrared technique has other value. Studies in
cooperation with USDA pathologists show that it can
detect infected plants in crops such as sugar beets and
potato fields. It even identified relative moisture in se-
lected areas at Carlos Avery wildlife refuge this summer,
suggesting its possible worth as a tool in wildlife
management.

There are many questions about the process. Best
altitudes need to be worked out; so far, about a mile up
seems best. Timing is critical. The technique doesn’t
work for disease detection in the autumn. Laboratory

processing and handling need more study. But the prom-
ise of the technique is clear.

These projects provide a partial glimpse of University
research dealing with the problems and potential of the
forest economy. Apart from research on prescribed burn-
ing, aerial photo interpretation, and wood drying, the
School conducts projects in broad areas of wood tech-
nology and utilization, forest ecology, silviculture, forest
physiology, forest recreation, forest hydrology, forest
economics and marketing, and forest measurements and
sampling.

These research efforts, in all their comprehensive
details, add up to better education for the modern
forestry profession and to more assurance that Minne-
sota’s forests will contribute to society’s needs tomorrow,
next year, and in the distant future.

Reproduction Research— Key to the Future

RESEARCH on how creatures repreduce is emerging
from the Dark Ages none too soon to help confront
some major population problems of the future.

With the disappearance of Victorian-age taboos
against reproduction studies, new discoveries are ra-
pidly providing insights into potential population crises
limited neither to humans nor to overpopulation alone.

Population control is an idea reaching far beyond the
question of whether human numbers should be limited
in some or all nations. It applies to all kinds of creatures
and to population increase and decrease as well.

India might seek ways to limit the birth of cattle that
are protected from slaughter by religious codes. Tan-
zania, on the other hand, might want more animals that
thrive on East Africa grasslands and might therefore
wish to accelerate population growth among native ani-
mals that can be domesticated for food and profit. Right
here at home the problem of increasing numbers of more
efficient milk and meat producing animais is far from
solved.

These are some of the problems to which research in
the University’s Department of Animal Science is being
addressed. Among the recent findings from reproduction
research in that department are these:

e Successful transplantation of a fertilized egg from
one cow to another.

o Refinement of methods for storing semen.

e Identification of plasma proteins that coat the
sperm cell during ejaculation and which must be re-
moved or altered before the sperm can fertilize an egg.
Identification of this mechanism suggests another ap-
proach to birth control; anything that interferes with
removal of this coating might inhibit fertilization and
thereby serve as a population control measure.

e Investigation of ways to predict high and low fer-
tility in a species.

22

The research behind these developments is another
illustration of the need for fundamental knowledge, in
this case basic knowledge of the biological and chemical
factors involved.

Predicting fertility

To approach population control sensibly, you must
know the extent to which certain kinds of creatures will
reproduce, even if everything outside of the animal
favors reproduction. Then you might be able to analyze
a sample of semen, blood, or uterine fluid and predict
high or low fertility for specific matings.

University scientists have analyzed semen from about
1,000 different bulls, measuring volume, percent motility,
cell concentration, concentration of chlorides, phosphate,
calcium, sugars, sodium, potassium, alkaline and acid
phosphatase, and about 25 different nitrogenous com-
pounds, including all the amino acids.

They correlated these measurements with fertilizing
capacity and found some definite trends. Higher phos-
phatase and potassium and lower calcium content tended
to be related to higher fertility in bull semen. One
particular amino acid is highly correlated with fertility
among turkeys.

This, then, is solid evidence that semen chemistry
may help predict fertility, recognizing that the related
characteristics may vary with different animals. The same
characteristics are now being studied in uterine fluids
from females. Thus, scientists are trying to learn about
the environment of newly fertilized eggs and perhaps
designate factors that influence the egg’s life between
conception and birth.

These studies are invaluable to the ova transplant
experiments. Scientists must know precisely the environ-
ment in the uterine tract, so they know what the egg
came from and what it must go back into in a transplan-
tation situation.

MINNESOTA SCIENCE



Coating on the Sperm Cell

Necessary to reproduction, of course, is union of
sperm and egg to form a zygote, or fertilized egg. Under
the microscope, sperm cells are readily seen swimming
around. This activity, or mobility, is one index of po-
tency. But closer inspection showed something else. As
Professor Alan G. Hunter explains it, each sperm cell
has some strange chemicals on it, one of the most in-
teresting being a glycoprotein that coats the sperm cell
like a gelatinous glove.

Before the sperm cell can join with the female
gamete, this coating on the sperm cell must be altered
in some way. Stop or inhibit that alteration and you have
a potential mechanism for birth control.

Is this coating universal among different species?
Professor Hunter has found that it occurs among rabbits,
bovines, human beings, sheep, and bats.

Normally, this glycoprotein is altered within the
uterus, which digests the carbohydrate part of this coat-
ing and thereby changes its chemical form so that fertili-
zation can take place. Studies are now under way to
learn how this alteration can be interfered with by some
practical means.

Refined knowledge of this coating is leading to some
scientific speculation about its possible role in other re-
production problems. Take the problem of female steri-
lity, for example. Females of many species can become
literally immune to male sperm; under some conditions
female egg and sperm simply will not join. Is the glyco-
protein coating somehow involved in such immunity?
Are there physiological conditions in the female repro-
ductive tract that may somehow interfere with altera-
tion of that coating? Such questions do not have im-
mediate answers but they are promising leads to an
age-old problem of reproductive capacity.

Reproduction Research in Cattle

Although artificial insemination may be one of the
major breakthroughs of our time in animal reproduction,
the methods and accompanying technology have needed
improvement in recent years. Technicians in artificial
breeding vary widely in nonreturn rates achieved among
cattle, or success in conception at first service.

Professor E. F. Graham has worked out a variety of
techniques for training technicians to deposit semen at
a specific site in the uterus. The training involved using
a dye instead of semen in practice sessions with organs
removed from slaughtered cattle. The dye location could
be checked and the technician’s methods could then be
modified if necessary. Training by the dye technique led
to marked improvement in nonreturn rates among
technicians.

Any extensive research leads to development of new
procedures that may accelerate the progress of study it-
self and perhaps have practical implications later on.
These studies are no exception. In studying the chemical
environment of the uterus in cattle it was originally
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necessary to remove the organ from a slaughtered animal
and then take out the fluids for study.

Could fluids be removed from a live animal without
injury? M. L. Fahning, R. H. Schultz, and E. F. Graham
worked out such a procedure. They developed a series
of pipettes and related equipment that make it possible
to withdraw samples of uterine fluid at various stages of
estrus without harming the donor cow. This technique
made possible a quick and much less expensive way to
study the intrauterine environment—where the fertilized
egg grows into a full-term fetus.

Ovum Transplant Studies

Nearly a decade ago the University of Minnesota was
one of the first places where scientists successfully trans-
ferred a fertilized egg from a donor cow to another, an
“incubator” cow. The procedure is far from ready for
everyday use, but is becoming better understood. If the
day of practical ovum transplantation should arrive,
many calves from a good donor cow could be raised a
year. Farmers could better maintain good cow families
in their herds.

Problems in ovum transplantation were formidable.
Donor cows must be superovulated, or induced to shed
more than one egg. This hurdle was solved with hor-
mones. Donor and recipient cow must be synchronized
in their estrus, or heat periods. If the transplanted ovum
is to survive, it must go into a uterus environment that
as nearly as possible approximates the one from which
it came. Here another hormone (progesterone) was the
answer; progesterone treatments will prevent estrus in
both donor and recipient cow. Remove the treatment,
and within a predictable period of time each cow comes
in heat. Next was the problem of recovery of the ovum.
In the early studies, it was necessary to slaughter the
donor cow and flush the reproductive tract to recover
the fertilized egg. Transfer to the incubator cow was
done by surgery. The first success was a normal preg-
nancy, following transplantation, that resulted in the full
term birth of a 98-pound bull calf.

Sperm Preservation

One of the great advances in the practical aspects of
reproduction, on the male side, is in sperm cell preser-
vation. Before the use of frozen semen, about 80 percent
of the sperm cells produced by a sire were thrown away.
They couldn’t be preserved long enough to be used in
the field.

Again, Dr. Graham and his colleagues studied the
semen environment to improve methods of preservation.
They found that for one thing, amino acids are important.
The higher the amino acid content, the higher the ferti-
lity. These studies led to development of extenders for
semen, one of which is now used in Minnesota, other
states, and around the world to increase cattle breeding
efficiency.

A later advance was the development of techniques
for freezing semen without use of glycerol, an essential
part of earlier freezing processes. Semen placed in a
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special buffer can now be frozen in drop form on dry ice.
Frozen droplets are then put in liquid nitrogen and
stored until used.

With the new developments in reproduction physi-
ology, even a science fiction writer might have trouble
out-imagining possibilities for the future. If semen can
be frozen, why not a whole zygote—a fertilized egg
ready for incubation in a donor female when needed?

Temperatures in outer space may be some 400 degrees
below zero Fahrenheit. Might frozen zygotes be spun
into outer orbit and recalled when earthly populations
require them? The mind boggles in fantasy, perhaps,
but the ideas should not be discounted. With scientists
now writing 21,000 journal articles per year in reproduc-
tion physiology, the sheer volume of new findings may be
without limits.

Bacteria and Experimental Animals Aid Nutrition Research

UMBLE LITTLE BACTERIA and experimental

animals are helping research specialists at the Uni-

versity of Minnesota deal with two important nutritional
questions of our time.

One question: Is protein makeup linked to develop-
ment of body fat—and if so, how and to what extent?

Another: How are birth deformities traceable to nu-
tritional deficiences, particularly vitamins?

Both are open questions, lacking in specific answers
but surrounded by a rapidly growing body of back-
ground information. Both are subjected to research by a
diverse group of scientists, among them research special-
ists in the University’s School of Home Economics.

The questions are national and international in their
scope. Protein deficiency is a problem in many under-
developed nations. Science has established that poor
quality protein in a person’s diet may cause him to lose
body fat and may, in fact, lead to starvation. He may
suffer not from a low amount of food but from a lack of
enough of the right kind.

Birth deformities are not restricted by national boun-
daries. They occur around the world and in tragic num-
bers. In the United States during the past year, about
250,000 live human births involved some type of physical
deformity.

Amino Acids and Lipids

As part of a regional project, nutritionists Robert
Sirny, Lura Morse, and Margaret Doyle are conducting
studies with bacteria and laboratory animals, gathering
new information about the way amino acids fit together
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in body nutrition. They are using bacteria that need the
same amino acids as man. For their experimental work
bacteria provide more easily observed results for pre-
liminary studies on amino acid balance.

The idea of amino acid balance is something like this:
An animal or other organism may need, say, 8-10 amino
acids (of the 20 found in proteins) in certain proportions
for normal growth and development. There may be a
need for a certain proportion of one amino acid, such as
leucine, relative to proportions of two others closely re-
lated, such as isoleucine and valine. What has intrigued
nutritionists for years is that too much of two of these
amino acids may lead to poor use—and therefore, what
amounts to a deficiency—of the third. The first two in
excess amounts act as metabolic antagonists of the other.

These functional deficiencies in amino acids are not
restricted to the laboratory; they might contribute to
major nutritional catastrophies among growing popula-
tions. The world has had, and still has, a scarcity of
protein, and people in many lands consume proteins
with amino acids imbalanced to various degrees. Al-
though the primary imbalance is outright deficiency (as
with lysine among persons depending heavily upon corn
in diets) deficiencies traceable to other kinds of im-
balances are also quite likely.

Furthermore, there is the question of whether im-
balances lead to simple starvation, or whether they may
trigger other problems such as unhealthy deposit of
body fat. Although the research has a long way to go,
Sirny and his co-workers have found that differences in
amino acid balances in laboratory rats lead to differences
in lipids or fat components in the blood serum and
tissues of the animals. It is possible, he says, that rats
eat less of the imbalanced than the balanced diet, but
more factors are probably involved and need to be
identified.
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Nutrition and Birth Defects

Although deformity at birth is no longer blamed on
evil spiritual powers or fright during pregnancy, the
causes of birth defects still are not completely known.

One strong possibility is vitamin shortage in the
mother’s diet, and this possibility is being studied care-
fully with experimental animals at the University of
Minnesota.

Of all babies born in Minnesota this year, at least 1
in 100 will have some physical deformity at birth. There
may be several causes; the possible effect of drugs was
highlighted by the disastrous use of the tranquilizer
thalidomide a few years ago. Deformed children were
born to thousands of European mothers who had used
this tranquilizer during pregnancy.

Another major factor may be the mother’s diet during
pregnancy. Ever since a dramatic nutritional discovery
in experimental animals more than three decades ago,
scientists have known that a shortage of vitamins can
lead to severe congenital abnormalities. The discovery
was by a scientist named Hale, who found deformed
piglets in litters from dams whose diets were short in
vitamin A.

In following years scientists studied a variety of
vitamin deficiencies, finding that some led to birth de-
fects in experimental animals and some didn’t. But un-
answered in the research world, so far, is the way such
a deficiency can lead to deformed limbs and other body
defects.

Professor Lura M. Morse and her colleagues in the
School of Home Economics are conducting a series of
experiments on folic acid deficiency in laboratory ani-
mals, to help identify this mechanism of vitamin de-
ficiency.

What might this mechanism involve? Professor Morse
and her colleagues are studying whether folic acid de-
ficiency may result in a failure of replication of DNA and
RNA and, therefore, the process by which proteins are
put together. Perhaps, they are reasoning, failure of a
limb to grow properly might result from a failure of
normal protein synthesis, which might trace back to a
defect in DNA or RNA synthesis, arising from a vitamin
deficiency.

Past research has shown that coenzymes of folic
acid catalyze, or bring about, the synthesis of the purine
and pyrimidine bases which are necessary for construc-
ticn of DNA and RNA. DNA (for deoxyribonucleic aciu
is the carrier of genetic information in chromosomes and
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is often likened to an alphabet, or template, for protein
synthesis.

Professor Morse’s work is with experimental animals,
principally laboratory rats, and, necessarily, one of the
main concerns is the technique for experimentally creat-
ing folic acid deficiency.

On the surface, it might seem best to simply feed the
animals a diet void of folic acid throughout pregnancy.
But this procedure wouldn’t tell at what point in preg-
nancy the problem develops, and it would take a great
amount of research time.

An easier technique, and used in the Minnesota
studies, is to inject the pregnant animal with a vitamin
antagonist—a substance that inhibits the utilization of
the vitamin and thus creates deficiency.

It has been clear to scientists for some time that de-
formity effects are most pronounced when the deficiency
occurs during critical periods of pregnancy. In the lab-
oratory rat having a total gestation period of 22 days the
critical period is between the 9th and 15th day after
conception. This critical period is when the organ sys-
tems, including the limbs of the fetus, are forming. The
specific time during this period when folic acid deficiency
is created can determine the extent and nature of the
deformity at birth later on.

The initial studies seem to support Professor Morse’s
hypothesis. When female rats were injected with the
antagonist on the 10th day of pregnancy, the young rats
showed evidence of deformity. Furthermore, important
to the theory, there was a depression in DNA synthesis
in the fetal tissues.

The precise nature of the effects varies somewhat
with the type of chemical antagonist used, and thus much
of the research is based upon refining the experimental
technique. One antagonist used is a substance known as
Daraprim, otherwise used as a drug for prevention and
treatment of malaria. This drug, although it has these
obvious experimental advantages in laboratory research,
is not known to cause birth defects in human beings.

The next step in the research is systematic study of
the early embryos. To date, the studies have involved
injections during the critical period and examination
of fetuses near the time of normal birth. There is a hint
from early studies that a folic acid deficiency created by
a single Daraprim injection lasts only about 72 hours.
If this is the case, it would mean that improper protein
synthesis when limb buds are forming might be critical.
Even if proteins are built normally by the body later on
in pregnancy, it may be too late: the damage will have
been done. -
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and fruit characteristics. In the hybrid
the long fruit stalk of swamp white oak
is shortened and the acorn broadened.
This hybrid has been given the name
of Q. X schuettei Trel. after J. H. Schu-
ette who first reported it.

A hybrid occurring occasionally be-
tween bur oak and white oak is known
under the Latin name of Q. X bebbiana
Schneid. in honor of M. S. Bebb. Rosen-
dahl (5) comments that individuals of
this infrequent hybrid in our area appear
to be sterile.

Intergrade-individuals suggesting hy-
bridization between red oak and northern
pin oak are frequent in some areas. In
the Lake Minnetonka region, for instance,
it is sometimes difficult to find individuals
of red oak that do not show some evi-
dence of mixing. The evidence of such

infiltration of genetic materials from
northern pin oak is present in the form
of unusually rounded leaf sinuses, dark
rough bark, or striping of the acorn.

An unusual native oak growing in the
University of Minnesota Landscape Ar-
boretum has the stature and leaves of
northern pin oak. Tts acorns and their
cups are characteristic in size and form
of those of red oak but have the longi-
tudinal stripes characteristic of northern
pin oak.

Elm Hybrids

A not uncommon hybrid in areas
where the slippery elm (Ulmus rubra
Miihl.) occurs is the result of natural
crossing with the much cultivated Si-
berian or Chinese elm (U. pumila L.).
This hybrid has much the habit of Si-

berian elm but the leaves are larger,
rough, and somewhat oblique in the
manner of slippery elm.
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Seed Coat Mottling in Minnesota Soybeans

B. W. Kennedy and R. L. Cooper

SEED coat mottling of soybeans (figure 1) is a problem
to growers, processors, and researchers. If seed lots
are heavily mottled (greater than 50 percent of the seed
coat colored black, brown, or buff), they receive the
U.S. market class of “bicolored soybeans.” Such a classi-
fication represents a financial loss to growers and proc-
essors. Furthermore, our oriental customers object to the
undesirable appearance of food and food products made
from mottled soybeans. So the demand for such beans,
as well as the price, is considerably reduced.

We observed that soybeans grown at the St. Paul
Campus mottled heavily every year while seeds grown
at Lamberton, some 150 miles southwest of St. Paul,
seldom if ever mottled. Some varieties, such as Merit,
Hawkeye, and Blackhawk, were completely free of mot-
tling regardless of where they were grown, These facts
agreed with observations of other investigators who
pointed out genetic and locational influences on mot-
tling.

Planting date apparently influenced the severity of
mottling at St. Paul; early planted varieties were more
free of the problem than late planted varieties. Late
planted varieties also were more severely infected with
soybean mosaic virus.

The suggested connection between virus infection and
mottling was dampened by the fact that the mottling-
resistant variety Merit appeared to be as severely in-
fected by soybean mosaic virus, when artificially inocu-
lated, as the mottling suceptible varieties Chippewa,

B. W. Kennedy is an associate professor in the Department of Plant
Pathology, R. L. Cooper is agronomist in charge, USDA Regional Soybean
Laboratory, Urbana, Iil.
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Harosoy, and Acme. However, greenhouse experiments
showed that Merit, although susceptible to the virus.
did not transmit the virus to its seeds as did mottling-
susceptible varieties. This finding indicated a possible
connection between mottling susceptibility and seed
transmission of soybean mosaic virus.

Our objective was to establish what relationship ex-
isted between virus and mottling. In 1964, we grew
mottling-susceptible, virus-free soybean plants in an en-
vironment where mottling normally did not occur (Lam-
berton). We inoculated half these plants with soybean
mosaic virus; the other half remained free of mosaic.
The results were striking. Plants inoculated with virus
gave rise to mottled seeds while the virus-free plants
did not (see table 1).

Above: nonmottled and mottled Harosoy (yellow hilum);
below, mottled and nonmottled Chippewa (black hilum).
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Table 1. Effects of virus infection on seed coat mottling in two
soybean varieties, Lamberton 1964

Number of plants*

Nonmotiled Mottled

Variety Treatment seeds seeds
Harosoy ..o Inoculated 0 18
Control 18 0
Merit .. i Inoculated 18 0
Control 18 0

* Total number of plants from three replications of six plants each.

With the same objective in mind, we used a different
approach in 1965 in an environment normally favoring
mottling (St. Paul). Virus-free, mottling-susceptible va-
rieties, which normally would become heavily mottled,
were kept virus free by placing cages over them. These
cages prevented virus-transmitting insects from feeding
on the plants during the growing season. We were able
to prevent mottling simply by keeping the plants virus
free (see table 2).

Therefore, location apparently affects mottling only
insofar as it affects virus infection. Furthermore, the
amount of natural virus infection undoubtedly depends
on the population of insects present and the percentage
of them carrying mosaic virus. This finding explains why
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Table 2. Seed coat response in mottling-susceptible soybean
varieties when caged to prevent natural virus infection at St. Paul

Number of plants with:*

Nonmottled Mottled
Treatment Variety seeds seeds
Uninoculated:
Caged Harosoy 8 1t
Acme 9 0
Not caged Harosoy 1 8
Acme 4 5
Inoculated:
Caged .. Harosoy 0 [
Acme 0 6
Not caged Harosoy 0 <]
Acme 0 6

* Total number of plants from three replicates, each containing three
plants (uninoculated) and two replicates (inoculated).

t One cage torn, permitting possible insect entry.

plants at St. Paul mottle while those at Lamberton do
not—yvirus-carrying insects are not present at Lamberton
but are common at St. Paul.

Mottling is not to be confused with other seedcoat
discoloration (see photo, page 31). Virus-induced dis-
coloration apparently results when pigments normally
found only in the hilum (seed scar) develop in an
irregular pattern over the seedcoats. The color of these
irregular streaks is the same as that found in the hilum,
with the exception of yellow hilum varieties which have
a light-brown or buff mottling. Germination is not af-
fected.

Due to the general interest in producing soybeans
free of blemishes, mottling assumes an important rela-
tionship to seed quality. The problem can be eliminated
by planting resistant varieties or by keeping mottling-
susceptible varieties free of mosaic virus. We do not
know if other less common viruses can induce mottling.
Soybean mosaic generally is found only in a few specific
areas in Minnesota; spread within a field probably is
due to insect feeding. The relationship of insects to
epidemiology of soybean mosaic virus in Minnesota could
be a fruitful and interesting study.
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