
Volume 2.'3. I TO . 4 july 1967 

ESOTA� 

SCIENCE &2� 
Apublication of the University of Minnesota Agricultural Experiment Station 

In this ixsuc-c-Soybcans, a Spectacular Iinnesota Crop 



2 

MIN N E SOT A 1c:><J 
SCIENCE C:>«) 
A publication of the University of Minnesota Agricultural Experiment Station 

Minnesota Scie nce is published by the University of Minnesota Agricultural 
Experiment Station, Institute of Agriculture, SI. Paul, Minnesota 55101 

Director - W. F. Hueg , Jr. 

Ed itoria l Committee - W . F. Hueg, Jr ., Huoi Chiang; Suzanne� 
Davison; P. W. Manson; R. Mullin ; G. H. Nelson;� 

Harold B. Swanson; and C. W. Young� 

Dea n of the Institute of Agriculture - Sherwood O. Berg 

To simplify terminology, trade names of products or equipment occasionally 
are used. No endorsement of products or firms named is intended, nor is 
criticism implied of those not mentioned . 

Contents of th is magazine becomes public property upon publication; written 
ma te ria l may be reprinted provided no endorsement of a commercial prod. 
uct is stated or implied . Please credit authors, Minnesota Scie nce, and the 
University of Minnesota Agricultural Experiment Station. 

CONTENTS 

Soybeans-A Spectacular Minnesota Crop . . . . . . . . . 3 

The Pocket Gopher in Minnesota 
James R. Beer 5 

Wet-Dry Day Probabilities in Minnesota 
Donald A. Hoines and Donald G. Baker 6 

How Climate Affects Foliar Diseases of Forage 
Legumes 

Roy A. Wilcoxson . . . .. . . .. . . . .. . . . . . . . . . . . . •.. . . . . . . . . . . . • 8� 

Soil and Water Losses from Barnes Soil in West­
Central Minnesota 

R. E. Burwe ll and R. F. Holt 10 

Evaluating Soil and Crop Management Systems 
R. L. Thompson and S. D. Eva ns . . . ... . . . .. . . ....•. . . . . ... . . . 13� 

Cropland Quality and Land Use Changes in 
Southern Minnesota 

Lowell D. Hanson 16 

Cameras, Burning, and Freezing, Tools for 
Forestry Research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 20 

Reproduction Research-Key to the Future .. . . . .. . . 22 

Bacteria and Experimental Animals Aid 
Nutrition Research . . . . . . 24 

Major Floods and Agriculture 
Philip W. Manson 26 

Rare Native Trees of Minnesota 
Albert G. Johnson and Scott S. Pauley 27 

Seed Coat Mottling in Minnesota Soybeans 
B. W. Kennedy and R. L. Cooper 31 

RESEARCH.~
 
i.~ Growing Minnesota 
':-.. 

'/G w -·. ­7 "'- . 

THE DRAMATIC CHANGES in agriculture during the past 
two decades have presented the University of Minnesota's 

Agricultural Experiment Station with new challenges 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 ma ny 
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 II, 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 : 
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Soybeans .. A Spectacular Minnesota Crop� 

EVEN IN THE MOST DRAMATIC ACCOUNTS of 
agricultura l inno vation and change afte r World W ar 

II , th e soybean stands out as spec tacular. 
Research interest already bestowed up on this hu mbl e 

littl e seed stands to pal e alongs ide future scientifi c energy 
directed toward this crop. Little wonder that a major 
Midwestern newspaper, in jocul ar cartoon hu mor, once 
referred to the increasin g soybean acreage as a "hill of 
beans that amounts to something ." What soybeans 
amount to may be shown by some hard figur es : 

•� Nationa lly, annual soybean production more than 
tripled since the end of World War II, reaching 
840 million bushels in 1965 and around 900 million 
in 1966. Soybe ans mad e up 5 percent of all cash 
farm receipts in 1964, compared with 1.7 percent 
in 1947. 

•� In Minn esot a (fourth largest soybean grower in 
the na tion) production multiplied more th an 26 
tim es in the same period, passing th e .3-million-acre 
mark in 1965. 

•� World markets are taking an increas ing share of 
soybean production. Th ey accounted for rou ghly 
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 soybe an such a 
popular ob ject for research. It has diverse uses and its 
diversity is in some ways a key to its abun da nce. In ­
creased demand and research in soybean pr oducti on 
and processing made the abundance possibl e and feasi­
ble. Research in economic aspec ts has hig hligh ted both 
the diversity and limitations of the bean . Resear ch on 
new uses, and vari eties adaptable to new uses, may ex­
tend its potential even fur ther. 

Yes, soybean versatility is deceptive, often obscur ing 
the fact-well established by economics resear ch-that 
the soybean market is overwhelming ly dominated by a 
few outlets. A list of soybea n products is impressive : 
animal feeds , food pr odu cts for human consumption, in­
dustri al uses for meal and whol e beans , margarin e and 
salad dressing, and a variety of industri al uses for the 
oil. But for the bulk of soybean utilizati on you can look 
to animal feed and hum an food uses for beans , meal , and 
oil. Industrial uses accoun t for under 5 percent of the 
total value of the crop. 

As with many rapidly expa nding industries, the 
growth of soybean production and pr ocessing has been 
uneven. Agricultural Economist James P. H ouck has com­
pared the utilization patterns of soybea ns and products 
in two periods, 1962-64 and 1947-49. Th e data, pro vidin g 
a snapshot of the industry at two times, show a number 
of specific tr end s. 

Bean Ut ilization 

Houck looked at thr ee major forms of soybean ut ili-
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za tion-on-farm feed and seed, bean exports, and crush­
ing. The first of these form s is a sma ll proportion of the 
total, accounting for under 8 percent. The value of bean 
expor ts boomed during the 15-year period betw een 
Houck's analysis, however , surging ahead at an annual 
ra te of 19 percent. Exports of whol e beans accounted for 
27 percent of farm valu e in 1962-64, compa red with only 
6 percent during 1947-49. 

Yet the dom estic crushing industry was the most im­
port ant user of U. S. soybea ns through all of these years. 
Although it dropped from 83 to 66 percent of the total 
farm value between the two periods, domesti c crushing 
actually incr eased 6 percent annually in actual valu e of 
beans used . Th e average crus hing and handling margin­
difference between what processors pay for beans and 
wholesale pri ces they get for meal and Oil- dropped 
from 79 cent s per bushel in 1947-49 to 20 cents in 1962­
64. Thi s reduction stemmed from a more efficient che mi­
cal extraction meth od adopted in the early 1950's and 
from other improvements in handling and pro cessing in 
more recent years. 

Meal vs. Oil Markets 

The most solid growth in the soybea n industry, Houck 
found, was in meal markets. Value of meal has grown at 
about 7.6 perc ent annually, nearl y triplin g in the 15-year 
period he studied, The outlets were both foreign and 
domestic. Farm ers in the United States and oth er nations 
contributed to this increase by raising larger numbers of 
hogs, chickens, and other livestock. Th ese ar e the major 
uses for meal; edible and industri al uses pro vided only a 
fraction of 1 percent of farm level values in 1962-64. 

In general, soybean oil has not enjoyed as mu ch in­
crease in market demand, compa red with meal. Oil 
pri ces show it ; they drifted down from 1947-49 levels 
as supplies grew faster th an demand. Th ey would have 
fallen more had there been no Public Law 480 shipments. 
Oil mad e up half of the value of crushed beans in 1947­
49, compa red with only a third in 1962-64. 

Some increase in oil valu e result ed from expa nded 
use in fcod products such as margarine and exports. 
Nonfood uses of soybea n oil, mostly in paint and soap 
produ cts, actua lly shrunk in value in the period Houck 
studied. Even in exports, there was littl e increase in 
commercial value of oil. However, larg e gove rnment­
sponsored Public Law 480 oil shipments und er the Food 
for Peace program more than doubled total oil export 
values betw een 1947-49 and 1962-64. These "nondollar" 
expor ts accounted for over half of the 1962-64 expor t 
value and an eighth of the total value of oil production. 

Soybean "Exports" Out-of-State and Out-of-Country 

Since ma rke ts outside the state are so important to 
the Minnesota soybea n grower and processor, the bean 
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consumer must be kept in mind. One Minn esota plant 
crushes 180 million tons or more of beans in a yea r and 
both the oil and the meal then leave the area for further 
pr ocessing and distribution. 

Economist Reynold P. Dahl points out th at two of 
our big customers for soybeans outside the North Ameri­
can continent are West Germany and Jap an . Th eir uses 
of soybea ns are quite different , but together they point 
up a cha llenge for research in economics and produ ction 
techn ology. 

Wes t Germany's booming livestock and poultry in­
dustr ies have been a boon for U. S. soybean exporters . 
Euro pean farmers impor t most of their high-protein 
feeds, and have recently bought more U. S. soybea ns. 
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. 

T he 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. In creases were 20 percent for beef and vea l, 18 per­
cen t for pork, and a whopping 78 percent for poultry. 
Assuming a continue d rise in consumer income, econo­
mists expec t increase in meat consumption in Euro pe 
dur ing the cur rrent 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. Thi s 
simp ly means that cha nge in personal income in these 
countries is not accompa nied by as mu ch of change in 
demand for oils as for mea t. Th us, demand for vege table 
oil is likely to increase at a muc h slower ra te 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 anima l fat-comp ete 
with soybean oil for intern ational consumer markets. 

Jap an present s a quite different kind of situation- a 
kind of marketin g cha llenge whi ch the soybean industry 
so far is accepting with enthusiasm. Japan is now the 
biggest single export customer for soybeans, ha ving gone 
from 20 million bushels of U. S. soybeans annua lly to 
more than 60 million over the past decad e. The Jap anese 
use soybeans pa rtly for hum an food and partl y for live­
stock prod uction. Th ey also grow beans themselves and 
impor t beans from Red China, the world's only other 
major exporter. 

During the past decade, U. S. soybean produ cers have 
been working with the USDA Foreign Agricultural Serv­
ice on a market developm ent project in Japan. Th e po­
tent ial for such a proj ect is apparent enough; the problem 
lies in the fact th at every bushel of soybea ns crushed to 
produ ce meal also produces oil. Here is the rub! Th e 
average Jap anese citizen consumes about 15 pounds of 
edible oils per year, less than a th ird of the consum ption 
of the average U. S. citizen . Although Jap anese nutrition­
ists hope to increase their domestic oil consum ption, 
Jap anese soybean oil is showing up in world markets in 
competition with United States soybean oil. Littl e won­

der then that the industr v seeks new uses to boost con­
sumption for soybean oiL 

In another respect, however , U. S. research tech­
nology ma y be moving toward opening up one segm ent 
of the Japanese food mark et. Japanese use soybea ns for 
a variety of foods , but prefer for these foods soybeans 
with a uniform yellow color, in addition to oth er less 
well-de fined quality chara cteristi cs. 

Many U. S. soybeans in the past have had colored 
hila, or seed scars, whi ch the Jap anese find objectionable. 
Minnesota researchers recently develop ed a new variety 
of soybeans, ada pted to local growing condi tions, whic h 
has a yellow hilum and other spec ial quality attribu tes 
desired in the mark et . The variety is Tr averse, released 
in 1965 and ada pted to west-central and southern Minn e­
sota. Other sta tes have also been active in developm ent 
of such vari eties. Iow a last yea r introduced the yellow­
hilum vari ety Amsoy. Anoth er Iowa variety, Hark, is 
likely to be important in southern Minn esota and was 
increase d in 1966. 

Will these yellow-hilum variet ies break into the 
Jap anese food market ? Time and market development 
efforts in that nat ion will tell. Efforts are now underway 
to bu ild use of these var ieties among Jap anese focd 
processors. There also must be a premi um to U. S. pro­
ducers and exporters for expenses involved in shipping 
these new varieties "identity preserved" ( free of varieta l 
mixture ) to Japan. 

In summary, th en, the soybean industry can look 
forw ard to general expa nsion. Th e best prospects for 
the ind ustry are in beans and meal, with substantia l 
growth in exports. New and perhaps exotic uses for soy­
beans may develop and may provide nominal additions 
to overall grow th. The less optimistic picture is on the oil 
side, although there shou ld be moderate grow th in dollar 
markets for oil and oil-using prod ucts. Foo d for Peace 
shipments will pr obably continue to be a factor in price 
strength for oil. 

Expansion in the soybean industry would seem to call 
for expande d resear ch. As Dahl puts it, success in the 
export market requires a dep endable source of the prod­
uct you're selling . At least two kinds of research needs 
are apparen t. One is for study of ways to produ ce at 
lower costs per unit. Another is for study of trends in 
ind ustrial and consumer de mand, not just at home but 
arou nd th e world. 

A curio us fact abou t soybea ns is that expansion in 
production has occurred in spectac ular fashion with only 
modest increases in average yields. In Minnesota, soy­
beans average d 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 mod est increase is parall el wi th 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 compe te with corn for 
acreage in the Corn Belt . This apparen t "yield barri er" 
in soybean production raises a spec ial probl em for re­
sea rch tod ay and in the fu ture. 
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The P ock et Gopher� 
in Minnesota� 

James R. Beer 

T HE pocket gop her, a destru ctive and troublesome 
wild mamm al, affects Minnesota's agriculture. His 

tunneling damages man y crops by cutting or exposing 
the root svstems: dea th or reduced vigor of the plants 
occurs. In 'hilly areas, these tunnels are often the sta rting 
points of damaging soil erosion. The mounds of dirt 
whi ch are pu shed up cover small plants and make the 
mowing of alfalfa and harvestin g of oth er crops difficult. 

The exten t of the problem is indicated by results of 
a qu e ·tionnaire sent to the several Minn esota county 
agent s. Pocket gophe rs were noted and recogniz ed in 81 
counties; they were abunda nt enough to be conside red 
a probl em in 64 coun ties. In abou t 40 counties, the coun ty 
and/or the township paid bounties on pocket gophers. 

Tr apping and distributing poisoned bait by hand hav e 
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 eva luate the problems involved in con­
trollin g the pocket gophe r, we must understand its habits. 
Thi s animal spends almost its entire life underground in 
a system of burrows whi ch it digs. These tunnels, usu ally 
about 2Ih 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. 
Th e shallow burrows ar e fee ding tunnels; deep er burrows 
usua lly lead to their nest s. 

Th e pocket gophe r feeds entirely on vegetation, pri­
marily the fleshy roots of plants such as bluegrass and 
alfalfa. Although the qu antity of tree roots taken annua lly 
is not grea t, gophers may extensively damage young 
orchard trees and Christm as tree plantations. Th ey find 
the roots by random diggin g. While burro wing, they 
push the dirt up to the sur face, forming the cha rac teristic 
mounds. Sometimes they push the dirt into unu sed 
tunnels. 

. During the spr ing an d early summer, pocket gophers 
dig only enough to sa tisfy th eir da ily food requiremen ts. 
At this time they may plug old burrows and go several 
weeks without putting up a mound. But during the lat e 
summer they star t ga thering and storing roots for winter. 
You genera lly can see a sharp increase in the number of 
new mounds about the first of Septemb er. This activity 
continues until the soil freezes, but at a decreased rat e 
after the middle of October. 

James R. Beer is an associa te prof essor, Departmen t of Ent omology, 
F isheries, and Wildlife. 
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Th e pocket gopher stores roots in chambe rs near the 
soil sur face . Indi vidual storage cha mbe rs usua lly conta in 
from 2 to 4 quarts of root s. Wh en chambers arc filled , 
they arc sea led off from the tunnels by an earth plug. 

Th e pocket gopher rema ins ac tive throughout the 
winter in his burrows and does some digging below the 
frost line. H e packs the dirt into shallow tunnels. 

When about 1 year of age, the pocket gopher breeds. 
The breeding season sta rts during the latter part of 
March, but some females do not breed until several 
weeks lat er . An average of four young are produced per 
litter. About 95 percent of the females breed; about 71 
percent produce two litt ers. Nor mally, there are abou t 
twic e as many females in the breeding population. In 
stable populations, about half of the young sur vive until 
they are ind ep endent of the matern al burrow system. But 
if the population is at a low level and there is not great 
campititian for a suitable place to live, about three­
fourths of the young survive. 

Not being a social anim al, the pocket gophe r tends 
to live alon e. Occasionally, several gophers may be Found 
in a single burrow system. This social intolerance prob­
abl y forces the young to leave the home burrow and 
travel above ground in qu est of a new home. Th ey are 
known to tra vel over a quarter of a mile in this manner. 

Thi s movement of young sta rts in late summer but 
is most prevalent in fall. After finding a suita ble area, 
the young animal establishes a burrow system in whi ch 
it spe nds the rest of its life. These burrow systems or 
home areas usually are not more than 200 feet across. 
Once a pocket gophe r is establishe d, his chances of 
sur vival 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 
meth ods 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
du ction will occur in the area the following spring. But 
the area will be reinvad ed the next fall. During the 
second spring , some moderate reproduction will occur . 
With fur ther invasion of outside animals, a nearly normal 
br eed ing population will be established by the second 
fall. At this tim e control methods are again neces sary. 
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Drying Prefrozen Lumber 

Science history is sprinkled with anecdotes drama­
tizing the eventual significance to the everyday world 
arising from fundamental findings that first seemed with­
out practical value. Such an illu strati on is emerging from 
Minnesota research on an old problem in the forest 
prod ucts ind ustr y-drying lumber. Many types of green 
lumber, if dri ed too fast in a kiln at too high a tempera­
tur e, will collapse, shrink, and "honeycomb" in ways that 
virtually ruin the boards or at least require expensive 
and wasteful trimming. To cope with this problem, the 
redwood lumber industry must allow a part of its green 
lumber of some species to air-dry in large outside yards 
for 3 months to a yea r befor e kiln -drying. The space and 
time add up to big expenses for the lumber industry. 

Are there ways to dry green lumber of these problem 
species immediately aft er sawing, without dam age to the 
boards? Forest pro ducts researchers Robert Eri ckson, 
John Haygreen, and Ralph Hossfeld ha ve suggested a 
technique that may provide some long-sought answers­
prefreeze the green lumber befor e kiln drying. Repeated 
tests show that pr efrozen gre en redwood lumber dri ed at 
extremely high kiln temperatures ( 175 0 F. or more ) has 
negligible collapse and shrinkage, compared with green 
unfro zen lumber dri ed the same way. 

After these striking laborat ory results, the Universi ty 
applied for a process pate nt and the discovery is being 
tested on a semicommercial scale to test its feasib ility 
for large-sca le op erations. 

The story behind this discovery sta rts at another tim e 
and with another problem. Hossfeld and W. C. Kelso 
in 1962 sought to explain some problems complicating 
the wood treatment process. They found that air bubbles, 
so small they are invisibl e with a microscope, can actua lly 
block capillaries in wood . This findin g helped explain 
why wood being treated with pr eservati ves tends to stop 
absorb ing the liquid pr eservati ve long before the wood 
is satur ated. 

How did that findin g relate to the drying problem? 
It gave the wood scientists a better understanding of the 
general role of bubbles and hydrostatic tension. While 
these bu bbles cause difficulty in some cases, they might 
be helpful in oth ers, such as the wood collapse problem. 

A classical theory in wood technology holds that 
liquid tension can be responsible for wood collapse. 
During evaporation of water from saturated wood cells , 
water leaves through capillary action, passing through 
pit pores in a cell membran e. Tensile strength of the 
evaporating water puts pressur e on cell walls to collapse. 
The overall effect may be compared to pulling wa ter 
from a plastic bag with a large syringe . As you pull the 
handle back, the water comes out and the bag collapses. 

How could this tensil e strength of water be broken? 
Here is where the bubble comes back into the picture. 
Water conta ins dissolved air whi ch, under a shock of 
some kind, may form a small bubble. If it is larger in 
diameter than the cell por es, the bubble tends to grow as 
water vapor moves into it, and tensile force on the cell 
wall is lessened . If you think of water with its tensile 
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streng th as a chain between the cell wall and the pit 
pores, the bubble is a weakened link. 

Th e researchers then sought a way to start bubble 
form ati on in wood cells. Kelso and Hossfeld had found 
that ultrasonic waves ( as well as various forms of me­
chani cal shock ) could pro duce bubbles in wood. But 
ultrasonics in lumber piles? Hardly feasibl e even in a 
space age. Th en Erickson had an idea. He recalled that 
dissolved air is always forc ed out of wa ter during freez­
ing. Ice in a cube tray takes on its white, milky appear­
ance from air bubbles that come out of the water . If 
freezing can cause bubbles to form in an ice cube , why 
not in a wood cell? From research literature, Eri ckson 
learn ed that scientists had interrupted capillary action 
in the New Zealand rattan vine by freezin g. The effect 
might be through bubble formation . At any rate the idea 
was wor th a try in green lumber . 

Th e test was simple. Erickson cut a green redwood 
board in two and put ha lf of it in a freezer for two days. 
After it was thawed out, the prefrozen half and the un ­
frozen half of the board went into a kiln at 220 0 F. ( high 
by industrial standards) and dried for a day. Results 
were clear. Th e unfrozen board came out of the kiln 
with the depression, collapse, and shrinkage so familiar to 
lumberm en. The prefrozen board still had a good, almost 
perfect rectangular shape across the cut end. 

Tests on larger amounts of redwood brought similar 
results. ~ri cks on tried .several oth er species, finding that 
prefreezmg mak es a difference in some (such as walnut 
and incense cedar ) and not in oth ers (s uch as aspen ). 

It is a rare theory that is accepted once and for all 
as proven, and the hypotheses abou t hydrostatic tension 
and bubbles are far from sacred. Freezin g produces a 
variety of effects, not all of which fit into this th eoretical 
scheme . Yet , to date it provides the best known solu tion 
for the collaps e problem . And the fact that it led to a 
pot entially rich practical finding attests to its worth. 

Aerial Photography 

An old ide a from military reconnaissanc e is being bor­
row~d by fores ter Merle . Meyer and plant pathologist 
DaVId French for de tec tmg diseased trees in fores ted 
areas. Infrared color photography from spotter planes is 
old stuff to experienced air photo int erpreters, who know 
~hat infrared light waves are reflect ed by healthy, grow­
mg summer foliage, which therefore shows on infrared 
color transparencies as bright, raspberry red . If the 
foliage is sick, diseased, or cut (as with some milit ary 
camouflage) it absorbs infrared rays and appears blu e to 
green on the film. The technique therefore spots un­
healthy foliage which the naked eye might fail to dis­
tinguish from surrounding vegetation. 

Cameramen have flown several areas over the Twin 
Cities and out-state regions , and the resear ch men are 
finding telltale results. In black spruce stands, trees in­
fected with dwarf mistl etoe stand out as bri ght green on 
the infr ared transparencies, amid the reddish-colored 
healthy trees around them. Tr ees infected with Dutch 
elm disease and oak wilt have been spotted, including 
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several that had not been found previously by ground 
detection. A disease such as oak wilt ordinarily affects 
the uppermost portions of the tr ee crown first, and wh o 
- or what- can see it bett er than a camera looking down 
from above? 

The infrared techniqu e has other value . Studies in 
coopera tion with USDA pathologists show that it can 
detect infected plants in crops such as suga r beets and 
potato fields . It even identified relative moisture in se­
lected areas at Carlos Avery wildlife refuge this summ er, 
suggesting its possible worth as a tool in wildlife 
management. 

Th ere are many qu estions about th e pro cess. Best 
altitude s need to be worked out; so far , about a mile up 
seems best. Timing is critical. Th e techni qu e doesn't 
work for disease de tection in th e autumn. La boratory 

processing and handling need more study. But th e prom­
ise of th e technique is clear. 

Th ese projects provide a partial glimpse of University 
research dealin g with the pr oblems and potenti al of the 
forest economy. Apart from research on prescribed burn­
ing, aerial photo int erpretati on, and wood dr ying, the 
School conducts projects in br oad areas of wood tech­
nology and utilization, forest ecology, silviculture , forest 
phys iology, forest recreation , forest hydrology, forest 
economics and mark etin g, and forest measurements and 
sampling. 

Th ese research efforts, in all their comprehensive 
de ta ils, add up to bette r education for the mod ern 
forest ry profession and to more assura nce that Minne­
sota 's forests will contribute to socie ty 's needs tomorrow, 
next year, and in th e distant future. 

ReproductionResearch - Key to the Future� 
RESEARCH on how creatures reproduce is emerging 

from the Dark Ages none too soon to help confront 
some major populati on problems of the future. 

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

Population control is an idea reaching far beyond the 
ques tion of whether human numbers should be limit ed 
in some or all nations. It applies to all kinds of creatures 
and to popu lat ion increase and decrease as wel l. 

India might seek ways to limit the birth of catt le that 
are protected from slaughter by religious codes. Tan ­
zan ia, on the other hand, might want more anima ls that 
thrive on East Africa grasslands and might therefore 
wish to accelerate populati on growth among native ani­
mals that can be domesti cated for food and profit. Right 
here at home the problem of increasing numbers of more 
efficient milk and meat producing anima ls 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 th e recent findin gs from rep roduction 
research in that dep artment are these : 

• Successful tr ansplantati on of a fertilized egg from 
one cow to another. 

• Refinement of meth ods for storing semen . 
II Id entification 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. 
Id entification of this mech anism sugges ts another ap­
proach to birth control; anything th at interferes with 
removal of this coating might inhibit fertilization and 
thereby serve as a population control meas ure. 

• Investigation of ways to predi ct high and low fer­
tility in a species. 
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Th e resear ch behind these developments is another 
illustrati on of the need for fundament al knowledge, in 
this case basic knowledge of th e biological and chemical 
factors involved. 

Predicting fertility 

To approach population control sensibly, you must 
know the extent to which certain kinds of crea tures will 
reproduce, even if everything outside of the anim al 
favors reproduction. Th en you might be able to ana lyze 
a sample of semen, blood, or ut erin e fluid and pr edict 
high or low fertility for speci fic matings. 

University scientists ha ve analyzed semen from about 
1,000 different bull s, measuring volum e, percent motilit y, 
cell concentrat ion, concentrati on of chlorides, phosph ate, 
calcium, sugars, sodium, potassium , alkaline and acid 
phosphatase, and about 25 different nit rogenous com­
pounds, including all the amino acids . 

They corre lated these measurements with fertilizing 
capacity and found some definite trends. Higher ph os­
phatase and potassium and lower calcium content tend ed 
to be related to higher fertility in bull seme n. One 
particular amino acid is highly corr elated with fertility 
among turkeys. 

Thi s, then, is solid evidence th at semen chemistry 
may help predict fertility, recognizing th at the related 
characte ristics may vary with different animals. Th e same 
cha racteristics are now being studied in ut erine fluids 
from females. Thus, scientists are trying to learn abou t 
the environment of newly fertilized eggs and perh aps 
designate factors that influenc e the egg's life between 
conception and birth. 

Th ese studies are invaluable to the ova transplant 
expe riments . Scientists must know precisely th e environ­
ment in the uterine tract, so they know wh at the egg 
came from and wh at it must go ba ck into in a tr ansplan­
tation situ ation. 
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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 insp ection show ed 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 th at 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 mech anism for birth control. 

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

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

Refined knowledge of this coating is leading to some 
scientific speculation about its possible role in oth er 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 fem ale rep ro­
du ctive tract that may somehow interfere with altera­
tion of that coating? Such qu estions do not ha ve im­
mediate answers but th ey are promising lead s 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 need ed 
improvement in recent years. Technicians in artificial 
breeding vary wid ely in nonreturn rates achieved among 
catt le, or success in conception at first service. 

Professor E. F. Graham has worked out a variety of 
techniques for training technici ans to deposit semen at 
a specific site in th e uterus. Th e training involved usin g 
a dye instead of semen in practice sessions with organs 
removed from slaughtered cattle. Th e dye location could 
be checked and the technician 's meth ods could then be 
modified if necessary . Tr aining by the dye technique led 
to marked improveme nt in nonreturn rates among 
techni cians. 

Any extensive research leads to development of new 
procedures th at may accelerate the progress of study it­
self and perhaps have practical implications later on. 
Th ese 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 anim al 
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. Grah am 
worked out such a procedure. They dev elop ed a series 
of pipettes and relat ed equipment that make it possible 
to withdraw samples of ut erine fluid at various stages of 
estrus without harming the donor cow. This technique 
mad e possible a quick and much less expensive way to 
study the intrauterine environment-where th e fertilized 
egg grows into a full-term fetus . 

Ovum Transplant Studies 

Nearly a decade ago the Univ ersit y of Minn esota was 
one of the first places wh ere scientists successfully trans­
ferr ed a fertilized egg from a donor cow to another, an 
"incubator" cow. The procedure is far from ready for 
everyday use, but is becoming bett er understood. If the 
day of practica l 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 tr ansplanted ovum 
is to survive, it must go into a uterus environment th at 
as nearly as possible approximates the one from whi ch 
it came. Here another hormone (progesterone) was the 
answer; progesteron e treatments will prevent estrus in 
both donor and recipient cow. Remove the treatment , 
and within a predictabl e 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. Tr ansfer to the incubator cow was 
don e by sur gery. The first success was a normal pr eg­
nancy, followin g tr ansplantation, that resulted in the full 
term birth of a 98-pound bull calf. 

Sperm Preservation 

One of the great ad vances in the practical aspects of 
reproduction, on the mal e side , is in sperm cell preser­
vation. Befor e the use of froz en semen, about 80 perc ent 
of the sperm cells produced by a sire were thrown away. 
They couldn't be pr eserved long enough to be used in 
the field. 

Again, Dr. Graham and his colleagues studied the 
semen environm ent to improve methods of preservation. 
Th ey found that for one thing, amino acids are important. 
Th e higher the amino acid content, the higher the ferti­
lity. These studies led to development of extenders for 
semen, one of whi ch is now used in Minnesota, other 
states, and around the world to increase catt le breeding 
effi ciency. 

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

W ith the new developments in reproduction ph ysi­
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 Fahrenh eit. Might froz en zygotes be spun 
into outer orbit and recall ed wh en ea rthly populations 
require them? The mind boggles in fantasy, perhaps, 
but the ideas should not be discounted . With scientists 
now writin g 21,000 journal articles per year in reprodu c­
tion physiology, the sheer volume of new findin gs may be 
without limits . 

Bacteria and Experimental Animals AidNutritionResearch� 

HUMBLE LITTLE BACTERIA and experimen tal 
animals are helping research specialists at the Uni­

versity of Minnesota deal with two important nutritional 
questions of our tim e. 

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

Another: How are birth deformities tra ceable to nu­
tritional deficiences, particularly vitamins? 

Both are open questions, lackin g in specific answers 
but surro unded by a rapidly growing body of back­
ground information. Both are subjected to research by a 
diverse group of scientists, among them resear ch special­
ists in the University's School of Home Economics. 

The qu estions are national and international in their 
scope. Protein deficiency is a problem in many under­
developed nations. Science has established th at poor 
qu ality protein in a person's diet may cause him to lose 
body fat and may, in fact, lead to sta rvation. 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 pr oject , nutritionists Rob ert 
Sirny, Lu ra Morse, and Margar et Doyle are conducting 
studies with bacteri a and lab oratory animals, gathering 
new info rmation about the way amino acids fit together 

in body nutriti on. Th ey are using bacteria th at need the 
same amin o acids as man. For their experimenta l work 
bacteria provide more easil y observed results for pre­
liminary studies on amino acid balance. 

Th e idea of amin o acid balanc e is something like this: 
An anima l or other organism may need , say, 8-10 amino 
acids (o f th e 20 found in proteins ) in certain proportions 
for normal growth and development. Th ere 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 th at too mu ch of two of these 
amino acids may lead to poor use-and therefore, what 
amounts to a deficiency-of the th ird . Th e first two in 
excess amounts act as metab olic antagonists of the oth er. 

Th ese functional deficienci es in amino acids are not 
restri cted to the laboratory; th ey might cont ribute to 
major nutritional catastrophies among growing popul a­
tions. The world has had, and still has, a scarcity of 
prot ein , and peopl e in many lands consum e proteins 
with amino acids imbalan ced to various degrees. Al­
though the primary imbalance is outright deficiency ( as 
with lysine among persons dep ending heavily up on corn 
in diets ) deficiencies traceable to other kinds of im­
bal ances are also qu ite likely. 

Furthermore, there is th e qu estion of whether im­
balances lead to simple sta rva tion, or whether they may 
trigger oth er 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 balan ces in laboratory rats lead to differences 
in lipids or fat components in the blood serum and 
tissues of the anim als. It is possible, he says, that rats 
eat less of the imbalanced than th e balanced diet ; but 
more factors are probably involved and need to be 
ident ified . 
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Nutrition and Birth Defects 

Although deformity at birth is no longer blamed on 
evil spiri tual powers or fri ght during pregnancy, th e 
causes of bi rth de fects still are not com pletely known . 

One stro ng possibi lity is vitamin shorta ge in the 
mother's diet , and thi s possibility is being studied care­
fully with experimenta l animals at the Univer sity of 
Minnesota. 

Of all babies bo rn in Minnesota this year, at least 1 
in 100 will have some physical deformity at bi rth . There 
may be several caus es; th e possible effect of drugs was 
highli ghted by the disastro us use of th e tranquilizer 
thalidomide a few years ago. Deform ed children were 
horn to th ousands of European mothers who had used 
this tra nquilizer during pregnancy. 

Another ma jor fac tor may be the mothe r's di et during 
pregnancy. Ever since a drama tic nutritional discovery 
in experimental animals more th an th ree decad es ago, 
scientists have known th at a shortage of vita mins can 
lead to severe congeni ta l ab norma lities. The discover y 
was by a scientist nam ed H ale, who found deformed 
piglets in litters from dams whose diets we re short in 
vitamin A. 

In following yea rs scientists studied a va riety of 
vitamin deficien cies, finding th at some led to birt h de­
fects in experimental animals and some didn' t. But un ­
answered in the research wo rld, so far, is th e way such 
a deficiency can lead to deformed limbs and other bod y 
defects. 

Professor Lura M. Morse and her colleagues in th e 
School of H ome Economics are conducting a seri es of 
experiments on folic acid deficiency in laboratory ani­
mals, to help identify thi s mechanism of vitamin de­
ficiency. 

W ha t might thi s mechani sm involve? Professor Morse 
an d her colleagues ar e study ing whet her folic acid de­
ficiency may result in a failure of replicati on of DNA an d 
RNA and, th erefore, th e process by whi ch proteins are 
pu t together. Perhaps, th ey are reasoning, failure of a 
limb to grow properly might result from a failur e of 
norma l protein synthesis, whi ch might trace back to a 
defect in D NA or RNA synthe sis, arising from a vitamin 
deficiency. 

Past research has shown th at coenzymes of folic 
acid catalyze, or bring about, th e synthesis of th e pur ine 
an d pyrimidine bases which ar e necessary for cons true­
ticn of DNA and RNA. D NA (for deo xyribonucleic aciu J 
is the carr ier of gene tic inform at ion in chromosomes and 
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is often likened to an alphab et , or template, for protein 
synthesis. 

Professor Mors e's work is with experimental animals, 
prin cip ally laborat ory rats, and, necessarily, one of th e 
ma in conce rns is the technique for expe rime nta lly creat­
ing folic acid deficiency. 

On th e sur face, it might see m best to simply feed the 
ani ma ls a di et void of folic acid th rou gh out pregnancy. 
But this procedure wouldn't tell at wh at point in pr eg­
nancy th e problem develops , and it would take a great 
amo unt of research tim e. 

An easier technique, and used in th e Minne sota 
studi es, is to inject th e pr egn ant anima l with a vitamin 
antagonist- a substance th at inhibits th e utilizati on of 
th e vit amin and thus creates deficiency. 

It has been clear to scientists for som e tim e that de­
formity effects are most pron ounced wh en th e deficiency 
occurs during critical peri ods of pregnancy. In the lab­
ora tory ra t having a total ges ta tion period of 22 days the 
critical period is between th e 9th and 15th day aft er 
conception. This critical period is wh en th e organ sys­
tems, including th e limbs of th e fetus, are forming. The 
specific tim e during th is period when folic acid deficiency 
is crea ted can determine th e extent and nature of the 
deformity at birth later on . 

The init ial studies seem to support Professor Morse's 
hyp oth esis. When fem ale rats were inject ed with the 
antagonist on th e 10th day of pregnancy, th e young ra ts 
showed evidence of deformity. Furthermore, important 
to th e th eory, th ere was a depression in DNA synthesis 
in th e fetal tissues. 

The pr ecise nature of th e effects varies somewhat 
with th e type of chemical antagonist used, and thus much 
of th e research is bas ed upon refining the expe rime nta l 
technique. One antagonist used is a substance known as 
Daraprim , otherwise used as a drug for pr evention and 
treatment of malar ia . This drug, although it has these 
obv ious expe rimenta l advantages in laboratory research, 
is not known to cause birth defects in human bein gs. 

The next ste p in th e research is systema tic study of 
the ea rly embryos. To dat e, th e studies have involved 
injections dur ing th e cr itica l period and examination 
of fetuses near th e tim e of norm al birth. There is a hint 
from ea rly studies th at a folic acid deficiency created by 
a single Darap rim injection lasts only ab out 72 hours. 
If this is the case, it would mean th at improper pr otein 
syn thes is when limb buds are forming mi ght be critical. 
Even if prot eins are built norm ally by the body lat er on 
in pr egnan cy, it may be too lat e: th e damage will have 
been don e. 
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and fru it characte ristics. In the hybrid 
the long frui t stalk of swa mp white oak 
is shortened and th e acorn bro ad ened . 
This hybrid has been given th e name 
of Q. X schuetici Tre\. after J. H . Schu­
ette who first reported it . 

A hybrid occurring occasionally be­
tween bu r oak and wh ite oak is known 
under the Latin nam e of Q. X bebb iana 
Schneid . in honor of M. S. Bebb. Roseri­
dahl (5) comments that indi vidu als of 
th is infrequent hybrid in our area appear 
to be sterile. 

Intergrad e-individuals suggesting hy­
bridi zation between red oak and northern 
pin oak are frequen t 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 

infiltrati on of genetic materials from 
north ern pin oak is pr esent in th e form 
of unusually rounde d leaf sinuses. dark 
rough bark , or str iping of th e acorn . 

An un usual nativ e oak growing in the 
University of Minnesota Landscap e Ar­
boretum has th e stature and leaves of 
northern pin oak. It s acorns and th eir 
cups are characteristic in size and form 
of those of red oak but have th e longi­
tudinal stripe s characte ristic of northern 
pin oak. 

Elm Hybrids 
A not uncomm on hybrid in areas 

wh ere th e slippery elm (Ulmus rubra 
Miihl.) occurs is the result of natural 
crossing wi th th e much cult ivated Si­
berian or Chinese elm (U . pumila L. ) . 
This hybrid has mu ch th e habit of Si­

berian elm but th e leaves are larger , 
rou gh, and somewha t oblique in the 
manner of slippe ry elm. 
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Seed Coat Mottling •In Minnesota Soybeans 
B. W. Kennedy and R. L. Cooper 

SE E D coat mottling of soybeans ( figure 1 ) is a problem 
to gro wers, p rocessors , and researchers. If seed lot s 

are heavily mottled (greate r than 50 perc ent of th e seed 
coat colored bl ack, brown , or buff ), th ey receiv e th e 
U.S. market class of "bicolored soybean s." Such a clas si­
fication represen ts a finan cial loss to growe rs and proc­
essors. Furthermore, our oriental custome rs obj ect to th e 
undesirable app earance of food and food products mad e 
from mottled soybeans. So th e demand for such b eans, 
as well as th e pri ce, is considerab ly reduced. 

W e observed th at soybeans grown at th e St. Paul 
Campus mottled heavily eve ry year whil e seeds gro wn 
at Lamberton , some 150 mil es southwest of St . Paul , 
seldo m if ever mottled. Som e vari eti es, such as M erit, 
Haw keye, and Blackhawk, were completely free of mot­
tling regardless of wh ere th ey were grown, These fact s 
agreed with observations of other investigators wh o 
po inted out genetic and locational influ en ces on mot­
tlin g. 

Plant ing date app aren tly influ enced th e severity of 
mottling at St. Paul; early planted vari eti es were more 
free of th e problem than late planted va rie ties. Late 
planted varieti es also were more severely infec ted with 
soybean mosaic viru s. 

The su ggested conne ction between virus inf ection and 
mottling was dampened b y th e fac t that th e mottling­
resistan t variety Merit app eared to b e as severely in­
fect ed by soyb ea n mosaic virus , wh en artificially inocu­
lated , as th e mottling sucep tible varieti es Chippewa, 

B. W . Kenne dy is an associa te professor in the D epartmen t of Plant 
Pathology, R. L. Coo pe r is ag ronomist in charge , USDA Regional Soybea n 
L aboratory, U rbana, Ill. 
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Harosoy, and Acme. However , greenhouse experiments 
showe d th at Merit, althoug h sus ceptible to th e virus, 
did not transmit th e virus to it s seed s as did mottlinz­
suscep tible vari et ies. This finding indicat ed a possible 
connection bet ween mottling sus ceptibility a nd seed 
transmission of soybea n mosaic virus. 

Our obj ecti ve was to establish wh at relationship ex­
ist ed bet ween virus and mottling. In 1964, we grew 
mottling-suscep tibl e, virus- free soyb ean pl ants in an en­
vironment wh er e mottling norma lly did not occur ( Lam­
berton ) . We inocul at ed half th ese pl ants with soybean 
mosaic virus; th e other half rem ained fr ee of mosaic. 
The results were striking. Plants inocul at ed with viru s 
gave rise to mottled seeds while th e 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 t w o 
soybean varieties, Lamberton 1964 

Number of plon ts" 

Nonmottled Mottled 

Voriety Treatment seeds seeds 

Harosoy . Inoculated 0 18 
Control 18 0 

Merit ...... ........ ........ Inoculated 18 0 
Control 18 0 

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

Wi th the same objective in mind , we used a different 
approach in 1965 in an environment norm ally favoring 
mottling (St. Paul ) . Virus-free, mottling-susceptible va­
rieties, which norm ally would become heavily mottled , 
were kept virus free by placing cages over them. These 
cages pr evented virus-tra nsmitting insects from feeding 
on the plants during the growing season. W e were able 
to prevent mottling simply by keeping the plants virus 
free (see table 2 ). 

Th erefore, locati on appa rently affects mottling only 
insofar as it affects virus infec tion. Furtherm ore, the 
amount of natural viru s infection undoubtedl y dep ends 
on the population of insects pr esent and th e percentage 
of them carry ing mosaic virus. Th is findin g explains why 

Ta b le 2 . Seed coat respo nse in mo ttling -susce p t ib le so y be a n 
va rieties whe n ca g e d to preve nt natural v irus infe ct io n a t St . Paul 

Number of pla nts 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 6 

Acme 0 6 
Not caged Harosoy 0 6 

Acme 0 6 

" Tota l numbe r of plants from three re plica tes, each containing three 
plants (uninocula ted) and two replicates (inoculated). 

t One cage lorn, permitting possible insect entry. 

pl ant s at St. Paul mottl e whil e those at Lamberton do 
not-virus-carrying insects are not present at Lamberton 
but are common at St. Paul. 

Mottling is not to be confused with oth er seedcoa t 
discoloration (see ph oto, pa ge 31). Virus-induced dis­
colorat ion apparently result s when pigment s norma lly 
found only in the hilum (seed scar) develop in an 
irregular pattern over the seedcoats. Th e color of these 
irr egular streaks is the same as that found in the hilu m, 
with the excep tion of yellow hilum varieties wh ich hav e 
a ligh t-brown or buff mottling. Germinati on is not af­
fected . 

Due to the genera l interes t in producin g soybeans 
free of blemish es, mottling assumes an imp ort ant rela­
tionship to seed quality. Th e problem can be eliminated 
by planting resistant varieties or by keeping mottling­
susce ptible 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 probabl y is 
du e to insect feeding. Th e relationship of insects to 
epidemiology of soybean mosaic virus in Minn esota could 
be a fruitful and interestin g study. 
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