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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 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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Wet- Dry Day Probabilities� 
in Minnesota� 

Donald A. Haines and Donald G. Baker 

H AVE you ever wondered how long good weather 
would last as you mowed hay, pour ed concrete, or 

hung out the Monday wash? Th e d ai~y wea the ~ f?rec~st s 
of the Environm ent al Scien ce Services Administration 
(Weather Bureau ) are valu abl e for planning almost :111 
short-term outdoor act ivity . How ever , the meteoro logist 
still does not have sufficien t knowl edge of the atmosph ere 
to give meteorological forecasts fo~ long p:riods . Fo~ 
such pr edictions, one mus t turn to chmatologl ~~ l . records 
which can be expressed in terms of probabilities. For 
example, the chances for wet and dry days i ~l Minn esota 
on a year-round basis can now be determmed du e to 
recent climato logical research. 

Last year , mor e than 50 years. of :Veather ~ ur: au 
precipitation records were summan zed m a publ~catI~n , 
Probabilities of Sequence of W et and Dry Days 111 M111 

nesota, North Central Regional Research Publication 161, 
bv A. M. Feyerherm, L. Dean Bark, and "V. C. Burrows. 
T'he study pro vid es we t and dry day probabi,~it i es for 
10 locations in Minn esota ( figure 1 ) under four wet and 
dry day" definitions. 

Depending upon the job involved, a dr y day need 
not necessaril y be without any pr ecipit at ion. For some 
operations precipitation tot alin? 0.10 inc!l might not be 
critical ' but if more than 0.10 inch of ram falls, the day 
is in effect, wet. Thus, vari ous levels of precipitation 
can be established, and a da y when these levels are not 
exceede d can be termed a "dry" da y. By the same token , 
a "wet" day occurs only when cert ain precipitation levels 
are reached. In this study, the crit ical precipitaticn levels 
select ed to define a wet day are totals of at least 0.01, 
0.10, 0.20 or 0.50 inch within 24 hours . 

In this publication, the probabili ty of a wet or dry 
day not only is given for specific dates but is a ~so com
pu ted for any calendar day , given that the prevIOUS day 
was wet or dry. The tabl e is an example of the man y 
tabl es contained in the bu lletin. Thi s table furn ishes the 
basic inform ation for calculating the prob ability of any 
specific combination of wet and dry days needed in man 
agement decision-makin g. . 

A similar tabl e is ava ilable for each of the 10 Minn e
sota locations shown in figure 1 and for each we t and 
dry day definition. Th e most appropriate tabl e can be 
selected for a specific operation. For example, concrete 
finishin g may be affected by as littl e as 0.01 inch of rain. 
Hay dr ying may be ad versely affected by 0.10 inch on 
any of the 3 days norm ally required for mowing, cur ing, 
and baling or chopping. 

Don ald A. H aines is sta te cl ima tologi st, E nvir onm en ta l Scien ce Services 
Ad m inis trat ion. U.S . Dep artm ent of Co mm erce. Donald G. Bak er is an as so
ciate p rof essor , Dep art ment of Soil Scien ce. 

Probability that a given day will be wet or dry at Minneapolis 
(a wet day has at least 0.10 inch of precipitation within 24 hours ) 

I h l ll~l TRANS I liON 

PERI OD CF DRY WET DRY/DRY WE T/ DRY DRY/ WET WE T/W ET 
.AR 1- '" AR 7 . 8 8 6 . II ~ . 8 97 . 103 . 8 01 .199 
.AR 8-.AR I ~ . 8 8 6 . 1 1 ~ . 890 .110 .855 .1~5 

.AR 15-.AR 21 . 8 6 8 . 11 2 . 8 83 .117 . 169 . 231 
,..,\ R 22- . AR 28 . 8 5 1 .1~9 .876 . 1 2~ . 1 0 8 .29 2 
MAR 29- AP R ~ . 8 5 2 .1~8 . 868 .132 . 1 6 0 . H O 
APR 5 -APH 11 . 8 5 3 . I H . 8 6 1 . 139 .807 . 193 
APR 12 -APR 18 . 8 33 . 1 6 7 . 8 53 .1~7 .133 .267 
APR 19 - APR 25 . 8 11 . 1 8 9 .8~6 .15 ~ .661 .339 
APR 26 - . AY 2 . 8 0 9 .1 9 1 .839 .1 6 1 .682 .318 
.AY 3-.AY 9 . 8 0 5 . 1 9 5 . 8 32 .168 .69~ .30 6 
.AY 10 - . AY 16 . 7 8 3 . 217 .8 26 .1 H .628 .372 
MAY 17-.AY 2J . 7 6 3 . 2 37 . 8 2 1 .119 .576 .H~ 

.AY 24- fIII AY 30 . 7 6 5 .235 . 8 16 .18~ . 599 .~01 

.AY Jl-J Uh 6 . 77 0 .2JC .8 13 .1 87 .626 .37~ 

J UN 7-J Uh 1 3 . 7 6 2 . 2 3 8 .809 .191 .612 . 3 8 8 
J UN 1~-J U h 20 . 75 8 . 24 2 .807 . 19 3 .605 .39 5 
J UN 21-J UN 27 . 77 6 . 2 2 ~ .806 . 19~ .612 . 32 8 
J UN 28 - JUl ~ .79 7 . 2 0 3 .80 5 .195 . 766 .23~ 

J Ul 5-JUl 1 1 . 8 0 0 . 2 0 C . 806 . 1 9 ~ .716 . 2 24 
JUl 1 2-JUl 18 .80 I . 19 9 .807 .1 9 3 .771 .223 
JU l 19- JU l 25 . 8 2 0 .1 8 C .820 .180 . 8 2 0 .180 
J Ul 26 -AUG I . 8 35 . 16 5 . 8 3 5 .165 .8 35 . 16 5 
AUG 2-AUG 8 . 8 2 7 . 1 73 .827 .173 .827 .173 
AUG 9 -AUG 15 . 81 5 .1 8 5 . 8 2 1 .179 . 7 8 9 .211 
AUG 16-A UG 22 . 8 2 2 .17 8 . 827 .113 . 799 .201 
AUG 23- AUG 29 . 8 2 8 .1 72 . 8 32 .168 .809 . 19 1 
AUG 30-SEP 5 . 81 6 .1 8~ .8 39 .16 1 .71~ .286 
S EP 6-SEP 1 2 . 8 0 5 .1 9 5 . 8 ~ 6 .15~ .636 . 3 6 ~ 

S EP 1 3-S EP 19 . 81 8 . 1 8 2 .853 .1~7 .661 .339 
S EP 2 0 - SE P 26 . 83 5 . 1 6 5 . ·861 . 1 3 9 .703 .297 
S EP 27-0CT 3 .83 5 .1 6 5 .868 .132 .668 .332 
OCT ~-O CT 10 . 8 3 6 .16~ . 8 7 6 . 1 2 ~ .632 . 36 8 
OCT ll-CCT 17 . 8 5 7 .143 .88 3 .1 17 .701 .299 
OCT 18 -0CT 2~ .8 78 .1 22 . 8 9 1 . 1 0 9 . 7 8 ~ .216 
OCT 25-0C I 31 . 8 8 0 . 1 2 C .897 .103 .755 .H5 
NOV I-N OV 7 . 8 77 .1 2 3 .90 ~ .09 6 .6h .316 
NOV 8 -NOV I~ . 8 92 .108 . 910 .090 .Hl .257 
NOV 15-NOV 2 1 .906 .Oq", . 915 .085 .81 9 .181 
NOV 22 - NOV 2 8 . 9 0 1 . 0 9 9 . 92 0 . 080 .128 . 212 
NOV 29 - 0 EC 5 . 8 92 .10e . 9 24 .076 .628 .372 
OEC 6-0EC 12 . 90 ~ . 0 9 6 .927 .073 .687 .313 
OEC 13 - 0EC 19 . 91 8 .082 .930 .070 .78~ .216 
OEC 2 0 - 0 EC 26 .9 1~ . 0 8 6 . 931 .069 .733 .267 
OEC 27-JAN 2 . 9 0 8 . 0 92 .9 32 . 0 6 8 .671 . 329 
J AN 3-JA h 9 . 92 1 .079 . 931 . 0 6 9 .80~ .196 
J AN 10-JAh 16 .935 . 0 6 5 .935 . 0 6 5 . 935 .065 
JAN 17-J AN 2J .928 . 0 72 .928 .072 .928 . 0 72 
JA N 2 ~- J A h 3 0 . 9 1 6 .08~ .925 .075 .818 .182 
J AN 31 -F E8 6 . 92 0 . 0 8 0 . 9 21 .079 .909 . 0 '11 
F E3 7- H 8 13 . 92 ~ . 0 7 6 .92~ .076 .924 . 076 
FED 1 ~ - FE B 20 . 90 8 . 0 9 2 .911 .089 .878 .122 
FE 8 21-FE8 27 . 8 8 7 . 11 3 .905 .095 . H6 .25~ 

To demonstrate the use of the probabilities, let us 
consider a hayrnaking operational example. Th e "initial" 
probability for a dry day on the day the hay is cut is 
1 or 100 percent ; it is assumed the hay will not be cut 
un less the day is dr y. In the table, wh ich provides prob
abilities for wet days of at least 0.10 inch in Minn eapolis, 
only "tra nsition " probability da ta are used. So the prob
abi lity of a dry da y immediately follow ing the dry day 
when the hay was cut is entered for each week under 
the "dry day" column. 

Th e chanc e of a dry da y following a dr y day in the 
wee k of Jun e 7-13 is 80.9 percent-about 8 times in 10. 
If the 2nd da y is dry , then the chance for a 3rd dr y day 
is the same as for the 2nd day. 

Since the 1st clay is assumed to be dr y or no cutting 
would be done, the prob ability of 3 consecutive dry days 
with rainfall less than 0.10 inch per da y is 100 percent x 
80.9 perc ent x 80.9 percent = 65.4 percent. Thus, in east
cen tra l Minn esota, a farm er cutting ha y on a dry day in 
early Jun e can expec t no rain interference in about 2 
of 3 yea rs. 

If a farm er reduces his haying to a 2-day period by 
using hay conditioning equipment (crimpe r or crusher) 
or a ha y dry er , the probabi lity of 2 dry days is 80.9 per
cent; that is, 100 x 80.9 percent. Th erefore, the chance 
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of gett ing wet hay can be reduced to about 1 yea r in .5 were derived from the publication for other Minnesota 
if the haying period is 2 days. locations for the period, June 7-13. (See figures 2, 3, 4, 

In the same manner, successful haying pro babilities and .5). As show n in figure 3, the probabilit ies of "favor-

Figure 1. Location of stations in Minnesota (number indicates 
ye a rs of record used in d etermining probabilities). 

51 r..a...--' '----''.-,~ 

5~.~r.~~\j 

5 
Figure 2. Probability of 2 dry days following an initial dry 

da y, precipitation less than 0.01 inch, during June 7-13. 
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64 

Figure 3. Probability of 2 dry days following an initia l dry 
da y, precipitation less than 0.10 inch, during Ju ne 7-13. 

70 69 
Figure 4. Probability of 2 dry days following an initia l dry 

day, prec ipitation less than 0.20 inch, during June 7-13 . 
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able haying weather" in this week are highest in northern 
Minnesota and lowest in southeast Minnesota. 

If the 0.01 inch definition is used to identify haying 
weather, the probab ility of 2 dry days followin g the 
dry hay cutting day drops to 48 percent in east-central 
Minnesota during July 7-13. Abou t once in 2 yea rs a 
farmer will have wet hay in that week. 

June 7-13 is one of the rainier weeks of the year 
over Minnesota . For Minneapolis, the probability for 3 
consecutive dry days (precipitation less th an 0.10 inch 
per day ) increases in mid-July and August and reaches 
a maximum in Janu ary (s ee figur e 6 ). Between January 

Figure 5. Probability of 2 dry days following an initia l dry 
day, precipitation less than 0.50 inch, during June 7-13. 

10-2.3, there is nearly a 100-percent chance that precipita
tion of 0.50 inch or more will not occur during any day. 

If one does not assum e that the 1st day is dry, the 
"initial" da y prob ability in the week of Jun e 7-13 is 76.2 
percent ( "dry" column under "initial" in the tabl e ) . Th e 
pro bability of 3 consecutive dry days ( less than 0.10 inch 
rain ) is then 76.2 percent x 80.9 percent x 80.9 percent = 
50 percent. Therefore, there is a 50-50 chance of rain in 
any spec ific 3-day period in the week of June 7-13. 

With this publication, you could assign loss values of 
wet hay and extra labor costs for such opera tions as 
turn ing the hay. You can even derive an average sea
sona l hay value loss from the expected nu mb er of wet 
days. And you can plan the most profit abl e haying 
methods and choose equipment acco rding ly. 

For your copy of NCR Res. Pub. 161, wri te the Bul
letin Room, 3 Coffey Hall, University of Minn esota, St. 
Paul, Minnesota 55101. 
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Figure 6. Probability of 2 dry days following an initial dry 
day at Mineapolis for four precipitation definitions. A daily 
total of at least 0.01, 0.10, 0.20 , or 0.50 inch of precipitation 

in 24 hours constitutes a wet day. 

How Climate Affects Foliar Diseases of Forage Legumes� 
Roy D . Wilcoxson 

T HE prin cipal forage legumes grown in Minnesota 
are alfalfa with about 3 mill ion acres and red clover 

with 90,000 acres . Severity of diseases on these crops 
vari es greatly with season and locati on of fields. Appa r
ently this variation is due mostly to local weather , be
cause the fungi, bacteria, and virus es which cause the 
diseases occur throughout the sta te. Our field surv eys 
and experiments, as well as experiments with contro lled 
environment faciliti es, all indicate th at temperature and 
moisture are the most imp ortant wea ther factors influ
encing diseases of forage legumes. 

Roy D . Wilcoxson is a p rof essor in th e Department of P lan t P at hology. 

Virus diseases-mosaic on alfa lfa and vein mosaic 
and bean yellows on red clover- are not dir ectly in
fluenced by moisture. Temp erature is most important. 
Many infected plant s usually are found in sprin g and 
fall when temperatur es are relatively cool. But during 
the hot summer months the few symptoms on the plants 
are very mild and easily overlooked. So many farmers 
are surprised when we show them th at 2.5 to 50 percent 
of their plan ts are infected. 

By use of serological techniques and indicator plants, 
it is possible to demonstrate that apparently healthy 
plants may be infected with a virus. Wh en many' plant s 
in a field are infected , seed and forag e yields may be 
reduced. In addition, virus- infected plants may be readily 
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killed by root rot or weakened so much that they die 
during cold or hot weather. 

In addition to its dir ect effects, weather may indi
rectly affect virus diseases by influencin g the insect vec
tor. Viruses in forage legumes are tr ansmitted mostly by 
the pea aphid. Th e movement , distribution, abundance, 
and feeding of these aphids are greatly affected by 
weather; thus, virus diseases may be according ly in
creased or decreased . 

Many fun gi and several bact eria cause leaf and stem 
diseases of forage legum es. Since most of these pathogens 
and diseases have similar moisture requirements, let us 
discuss a common disease in detail. Rem ember, however , 
that a particular disease and patho gen may have th eir 
special requirement s. One example, spring black stem 
and leaf spot of alfalfa and red clover, is caused by 
Phoma herbarum var. medicaginis. 

Spri ng black stem is found mostly in the spring and 
fall when conditions are relatively cool and wet. Warm 
dry weather retards the pathogen and prevents the 
disease from developing. Plent y of free water is essential; 
atmospheric relati ve humidities of 99 to 100 percent are 
not enough for th e pathogen . Wh en pl ant growth is lush 
and there is some lodging, the lower leaves and stems 
may remain wet for several days. Thus, id eal condition s 
are crea ted for the pathoge n and disease is usually 
severe. Timely clipping helps prevent these conditions 
and reduces losses. 

Phoma herbarum var. medicaginis overwinters on 
crop debris. During th e spring when this debris is 
thoroughly wet, thousands of spores are form ed in py
cnidia, tiny flask-shap ed bodies, embe dde d in the bits 
of debris . The spores are released from the pycnidia 
only when they are wet. And they are disseminated only 
when ra in splashes them about or when insects or other 
animals contact th em. Wh en the spores finally are de
posited on a leaf or stem, they germinate after absorbing 
a large qu antity of water. Th ey will not germinate until 
they have swollen to ab out thr ee tim es their original 
size; about 8 hours in water is required . 

The swollen spore puts forth an extremely deli cate 
germ tube which dies readily if it becomes dr y. When 
germ tubes are 3 or more hours old , they begin to form 
appressoria, the organs which aid the fungus in pene
trating plant tissues. Penetration is complet ed by most 
germ tubes 20 hours after they are form ed, provided th e 
leaves remain wet all th at tim e. 

From the production of spores until the host is pene
trat ed , water is essential throughout the pathogen's de
velopment. And the need for wa ter is not ended with 
penetra tion; if the disease is to develop normally, the 
plant must be kept wet another 10-12 hours. Even afte r 
several days, when plants are obviously infected , the 
disease can become more severe if plants are wet for 
additional periods of 12-24 hours. Ho w moisture influ
ences disease developm ent after infection occurs is not 
known. 

Th e diseases are most prevalent in regions of rela
tively high rainfall such as the eastern half of th e United 
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States and Canad a, In Minn esota, the severity and prev
alence of the diseases are usually corr elated with local 
rain. 

The wa ter requ irements of all foliage diseases of 
alfalfa and red clover , excep t powdery mild ew of red 
clover , are simila r to those of Phoma herbarum var. 
medicaginis and spring black stem'. Powd ery mildew is 
a dr y weather disease. The spores of the pathogen germi
nate and the fun gus infec ts the plant when no apparent 
free water is on leaves. In fact , the spores can germinate 
in the laboratory when relati ve humidity is zero. Rain 
may actua lly redu ce th e severity of powdery mildew. 

Temperature also greatly influences pathogen de
velopment and disease severity . Most forage legume 
pathogens are favored by temperatures betw een 65° and 
75° F. At these temperatures spore production is great
est, germination is best , growth of the germ tubes and 
penetra tion are most rapid, and the disease is most severe. 
Since these temperatures generally prevail in Minn esota, 
the water factor is of greater importance in disease de
velopment in this area. Nevertheless, temperature can 
be the determining factor, In 1965, plenty of water gen
erally was availabl e, but diseases were not unu sually 
severe. Becaus e temp eratures wer e below normal, the 
pathogens could not develop properly. 

A few diseases are warm weather diseases. Summer 
black stem, caused by Cercospora zebrina, and Stem
phylium spp. , are common in Minn esota. Th ese diseases 
do not become wid espread until aft er Ju ly when the 
weather is gene rally warm. Another warm weather dis
ease, sou thern anthraconose of red clover , is caused by 
Collectotrichu m trifolii. Not common in Minnesota, it 
is confined to the southern clover growing ar eas of the 
United States. But , in some seasons, it has been reported 
as far north as Canad a. 

Control of diseases of forage legumes is not easy. 
Although tim ely cutting may reduce losses, the use of 
resistant varieties is the only feasible approach. Un
fortun ately, varieties resistant to all diseases are not 
available. No alfalfa variety is resistant to mosaic or stem 
and leaf diseases. Vernal and Hanger, the two varieties 
recommended for Minnesota, are highly resistant to bac
teri al wilt. 

The two recommended red clover vari eites, Lakeland 
and Dollard, are the best sources of disease resistance 
available to farm ers. Lak eland is highly resistant to pow
dery mildew; Dollard has some resistance. Both have 
field resistance to common virus diseases and are more 
resistant than oth er varieties to several other foliage 
diseases. 

RECENT EXPERIMENT STATION 
PUBLICATIONS 

Climate of Minnesota, Part V. Precipitation Facts, 
Normals, and Extremes. Te chni cal Bullet in 254. Donald 
A. Haines, and Joseph H. Strub, JI. Describes types, 
sourc es, measurement, and the process of pr ecipitation , 
gives information on pr ecipitation falling within Minn e
sota. 44 pages. Availabl e from your county agent. 
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Soil and Water Losses From Barnes Soil in West· Central Minnesota� 
R. E. Burwell and R. F. Holt 

OIL and water, two of our most Svaluable food-producing resources, 
are being lost in considerable qu anti
ties through runoff and erosion. If 
agriculture is to meet the future food 
demands for the rapidly growing pop
ulation, th ese valuable resources must 
be conserved to permit expa nsion of 
present pro duction levels. 

The complex soil and top ographic 
conditions that exist on farm lands in 
west-centra l Minnesota , as well as in 
many other areas, complicate the ap
plication of tested soil and water con
servation pr actices on many farm s. To 
develop effective conservation prac
tices for a given location, inform ation 
is needed on the interr elations of rain
fall characteristics, soil erodibility, 
topographic features, present crop
ping and soil management practi ces, 
and the adaptability of pro ven con
servation pr acti ces at that location. 

Most of the runo ff and erosion re
search data on which pr esently used 
criteria for planning conservation 
pr actices are based, were obta ined in 
the humid areas of the United States. 
To pr ovid e informati on needed for 
planning effective soil and water con
servation at the western edge of th e 
Corn Belt, researchers are presently 
measuring the magnitude and severity 
of natur al rainfall, runoff, and erosion 
at the Barnes-Aastad Soil and Water 
Conservation Research Association 
Farm near Morris, Minn. This report 
br iefly sumarizes the first 5 years' re
sults from this study and discusses 
the field application of the research 
findings. 

Research Installations and Procedure 

Th e erosion plot studies were start
ed on a Barn es loam soil in 1961. Run 

Th .s summary of 5 years of measur em ent of 
soil and ~a t er losses ca used by natural rai nfall .is a 
con trib ution from th e U .S. D e~artm en t of A~rlcul 
tur e Ag ricultur al Resear ch Service (A RS ), SOli and 
\ Vat'er Conserv at ion Resea rch D ivision , Corn Belt 
Branc h. in coope ra tion w ith th e Minn esota Ag ric u l.
lural E xpe rime nt Sta tion and the Barn es-Aa sta d SOIl 
and W ater Co nservatio n Res ea~ch Assoc iati on , In c. 
Appreciation is expr esse d to SOlI Conserv ation Serv
ice p erson nel for th eir assi stan ce in locat in g th e p lot 
site. 

R. E . Burwell and R. F . H olt a.re research ~o il 
scien tists ARS North Centra l Soil Conservati on 
Resear ch ' C en te~ Morr is, Minn . Appreci atio n is ex
pressed to L est e: C . St aples for hi s assis tance in th e 
op erat ion of th is exp eriment. 

off, erosion, and crop yield measur e
ments were made for five soil-cover 
conditions whi ch were replicated (re
peated) three tim es. The plots were 
13.3 feet wid e and 72,6 feet long. 
Standard runoff- and erosion-measur 
ing equipment and pr ocedures were 
used to determine soil and water 
losses. The measuring equipment on 
five plots of one replication was auto
matically heated to permit measure
ment during periods of snowmelt and 
sur face thaw (figure 1 ). Accurate 
weather records were maintained at 
the plot site to aid in interpreting th e 
data, 

The five soil-cover conditions stud
ied included (1) continuous corn ; (2 ) 
continuous, clean-cultivated fallow; 
(3) corn in rotation; (4 ) oats in rot a
tion ; and (5) hay in rotation. Although 
not recomm ended for soil and water 
conservation, crops were planted in 
the up- and down-slope dir ection to 
study th e effects of cover conditions 
without the added effect of perfect 
contouring attainable in small plot 
row length s, Till age and cropping 
mana gement pr actices prevailin g in 
the area were used. Fertilizer was ap
plied in sufficient amounts to maintain 
a high level of crop production. 

Data reported herein were syste
matically grouped according to rela

tive seasonal crop-cover int ervals re
spective to seedling establishment, 
reproductive-maturity, residue, and 
rough plow periods to permit a logi
cal application of research plot result s 
to field situa tions, 

Data and Observations 

The cropping season monthly pre
ciptation for the 5 years of the study 
and the long-term (79-year ) average s 
at Morris , Minn. , are shown in table 
1. Cropping season rainfall was below 
normal in 1961, above normal in 1962 
and 1965, and near normal in 1963 
and 1964. 

Aver age annual precipitation, soil 
loss, and water loss data for th e 5-year 
study are tabulated by crop-cover con
dition periods in table 2. Th e total 
5-year soil loss of 60,6 ton s per acre 
measured from th e continuous corn 
plots was equivalent to slightly over 
one-third of an inch of top soil un i
formly distributed over the surface, 
Should this rate of erosion continue, 
the 6-inch layer of productive topsoil 
that was on the plots at the beginning 
of the experiment would be lost in 
ab out 70 years. 

A major porti on of the runoff and 
soil losses resulted from 10 storm s 
during 1962 and 1964 (see table 3) . 
These 10 storms accounted for 42 per-

Water Conservation Research Association Farm near Morris, Minnesota. The tanks are 
insulated and equipped with heat cables and tank heaters to allow snowmelt 
runoff measurements. 
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Ta b le 1. Month ly precipitation at the Soil and Water Conservation Research Farm 
for the 1961-65 cropping seasons 

N.onth Normal* Year 
1961 1962 1963 1964 1965 

............................................inches of precipitation .... ........................... 

April 2.25 1.82 1.25 2.28 4.20 3.09 

Ma y 3.02 1.38 7. 90 3.37 .41 5.18 

June .. 3.9 0 1.58 5.39 3.46 3.55 3.88 

July ............,........... 3.61 1.82 9.42 3.78 3.54 5.63 

August ................... .. 2.9 1 2.80 1.98 2.37 5.95 2.55 

Septe mber ......... 2.27 3.91 3.47 2.65 2.71 5.07 

October 1.45 .86 .54 1.14 .08 1.07 

Total ................................ ..... 19.41 14.17 29.95 19.05 20.44 26 .47� 

* Long-term (79.year) average at the University of Minnesota, West Central Agricultural Experiment 
Station, Morris. 

Table 2. Five-year average (1961-66) annual precipitation, runoff, and soil loss fro m 
natural rainfall erosion plots on a 6-percent slope 

Crop-cover condition period* Cropping 
treatment Crop Se ason Season Annual 2 3 4 5 6total� total total 

..... Inches of precipitation .... 
Fall ow None 3.95 4.39 8.25 .16 16.75 4.88 4.06 8.94 25.69 

Continuou s 
corn Corn 3.95 4.39 8.25 .16 16.75 4.88 4.06 8.94 25.69 

C-O-H Corn 3.95 4.39 8 .25 .16 16 .75 2.85 4.06 6.91 23.66 

C·O-H Oa ts 4.39 4.97 2.30 7.70 19.36 5.04 4.06 8.94 28.30 

C-O·H Hay 4.46 5.03 8.40 17.89 5.04 4.06 8.94 28.30 

.................... Inches of runoff . 

Fallow None .30 .89 .52 0 1.71 .52 1.73 2.25 3.96 

Continuous 
corn Corn .33 .79 .4 1 0 1.53 .39 1.16 1.54 3.07 

C·O-H Cor n .28 .62 .31 0 1.21 .05 1.40 1.45 2.66 

C-O-H Oa ts .81 .53 .14 .08 1.56 .28 3.73 4.01 5.57 

C-O·H Hay .12 .19 .04 .35 .08 .63 .71 1.06 

....Tons per acre of soil loss..... 

Fel low None 5.40 11.06 4.6 6 .02 21.14 3.7 6 1.19 4.95 26.09 

Continuous 
corn Corn 3.46 5.64 .89 0 9.99 1.68 .44 2.12 12.11 

C·O-H Corn 1.94 2.78 .43 0 5.15 0 .20 .20 5. 35 

C·O-H Oa ts 3.18 .17 .02 .0 1 3.38 0 o 0 3.38 

C·O·H Hay o 0 0 0 o .12 o .12 .12 

*1. Seedling-planting ta 1 month thereaft er; 2. Establishment-between 1 and 2 months after 
planting; 3. Reproduction maturity-2 months after planting to harvest; 4. Residue-harvest to turn
plow; 5. Rough plow-turn-plow date to planting date ; 6. Losses resulting from thaw of snow and ice. 

cent of the total runoff and 83 percent fall conditions abov e, below, and near 
of the total soil loss in th e 5-year normal. Th e studies were conducted 
period, but only 13 percent of the total on plot slope lengths of 72.6 feet. 
rainfall. Studies at oth er locations ba ve shown 

The total snowmelt runoff during that doubling the slope length usu ally 
the 5-year period ranged from 1.5 increases per-acre soil loss by about 
inches on the fall-plowed sad plots to 40 perc ent. A 300-foot slope loses 
16.6 inches on those in oat stubble. about twice as much soil as a 75-foot 
Soil loses in snowmelt runoff were low slope. These slope-erosion relation
for all cropping tr eatments. ships indicate that a 6-percent, 300

foot slope in the vicinity of Morris 
Discussion that was conventionally planted and 

Th e erosion studies on the Barnes continually cropped to corn probably 
soil were made under variable rain- would have averaged about 2.5 tons 
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of soil loss per acre per year during 
the 5-year period. Projecting the re
search plot data for the 3-year rota
tion to field situations would indi
cate an avera ge annual soil loss of 
about 3 tons per acre for the rot ation. 

An avera ge of 3 to 5 tons per acr e is 
considered the maximum erosion loss 
that can be safely tolerated on most 
soils of the area if a high level of 
productivity is to be maintained . 
Thus, th e rotation maintained soil 
losses within the safe limit , but the 
continuous row cropping system with 
straight-row farming exceeded this 
limit by five tim es. 

Use of th e 3-year rot ational system 
is limit ed because it often does not fit 
into the production pattern that would 
be economically optimum for a given 
farm unit. Th erefor e, in the search for 
practical solutions to the problems of 
soil and water conservation, the more 
int ensive croppin g systems used in 
combination with conservation prac
tices that will restri ct annua l erosion 
within tolerable limit s and still pro
vide high levels of productivity must 
be considered . 

Th e 5 years of record at Morris in
dicate that 75 percent of the total soil 
loss from continuous corn occurred 
during the 2-month period following 
corn planting, when the bare soil sur
faces were frequently exposed to h igh 
int ensity and prolonged periods of 
rain (figure 2) . Nine of the 10 most 
erosive storms listed in table 3 oc
curr ed during this 2-month period. 
Use of cultural practices such as con-

Table 3. Rainfall, runoff, and soil loss from 
continuous corn for the 10 most erosive 

storms during t"e 1961-66 period 

Rainfall Runoff Soil loss 
Year Date inches inches tons/acre 

1962� 5-18 1.06 0.34 1.46 
5-21 1.22 .71 3.05 
5-22 1.58 .49 3. 15 
6-16 .96 .15 2.41 
6-28 2.22 .78 13.50 
7-4 1.74 .54 1.75 
7-7 1.65 .83 5.71 
7-18 2.61 .93 10.35 

1964� 7-10 1.45 .70 6.99 
8 ·29 2.10 .97 2.06 

Total 16.59 6.44 50 .43 

% of 5-year total 13 42 83 
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touring, minimum tillage, and mulch 
tilla ge to provide the most effective 
erosion control during the 2 months 
after corn planting would contribute 
appreciably toward holding soil ero
sion within safe limits. 

Runo ff data shown in table 2 sug
gest th at 1 inch greater average an
nual infiltration during thi s critical 
period would have held the average 
annual soil loss within the allowable 
limit. Ho wever, runoff data in tabl e 
3 indicate that a 4.8-inch increase in 
infiltration would hav e been needed 
to completely elimina te erosion from 
the convent ional continuous corn dur
ing the critical 2-month period in 
1962. 

Th e dat a in table 2 indicate that 
the crop-stage periods of major runoff 
from continuous corn do not coincide 
with those of major erosion . As shown 
in figure 2, the 2-month period follow
ing corn planting accounted for 75 
percent of the average annual soil loss 
but for only 36 percent of the average 
annual runoff. Runoff from continuous 
corn for the period from corn planting 
to harvest wa s one-half of the annual 
total (see table 2). The cropping
season rainfall is vital for crop produc
tion because the soil wa ter reservoir 
often is only partially filled at the 
beginning of the season. 

Snowmelt runoff from fall-plowed 
continuous corn plots accounted for 
38 percent of the annual water loss. 
Observations on these plots and on 
areas with similar slopes reveal that 
considerable snow is blown from fall
plowed slopes and, th us, does not melt 
where it falls. Snowmelt runoff from 
hay plots with grain stubble, which 
ret ained more snow than did fall
plowed surfaces, was 92 percent of 
the water equiva lent of measured 
snow fall. This suggests that only a 
small part of the moisture supplied 

Ta ble 4. Crop yields on the 

Cropping 
trea tment 

Crop 
1961 1962 

Continuous 
corn Corn 72.5 90.2 

C-O -H Corn 69 .8 89.0 
C-O -H O a ts 64 .2 55.4 

C-O-H Hay 2.6 

caused and 

RAINFALL RUNOFF SOIL LOSS 

Figure 2. Results of storms during 2-month period following corn planting. For the 
5-year period (1961-66), 23 percent of the annual rainfall caused 36 percent of the 
annual runoff and 75 percent of the annual soil loss from continuous corn farmed 
up and down a 6-percent slope. 

by snow actually contributes to th e 
repl enishment of soil moisture, even 
wh en snow is retained in oat stubble. 
Limited infiltr ati on of melted snow is 
probably th e result of froz en soil. 
Thus, th e problem of soil moisture 
repl enishm ent from winter precipita
tion ap pears to be twofold . First, soils 
in this climatic area are usually frozen 
and imperm eable to water movement 
during the snowmelt period . Second , 
snow is frequently blown off the fields 
before meltin g occurs. 

Differences in corn yields for the 
two cropping systems shown in table 
4 were not consistently accounted for 
by differences in run off. 

Conclusions 

Th e first 5 years of the plot study 
hav e shown that without conservati on 
practices, the Barn es soil is suscepti
ble to seriou s erosion from natural 
rainfall. Th e average annua l soil loss 
from continuous corn conventionally 
farm ed UP and down the 6-percent, 
n .6-foot-long slope was 12.1 tons per 
acr e. Thi s annual soil loss, whi ch 
represent s a total of one-third of an 
inch of topsoil, was caused by 3.1 

natural rainfall erosion p!ots 

Year 

1963 1964 1965 Total Ave rage 

Bushels Fer acre 

89.4 53.8 62.8 368.70 73.74 
100.1 42.9 70.5 372 .30 74.46 
83 .3 67.7 137.8 408.40 81.68 

Tons per acre * 

1.9 2.7 2.1 9.30 2.32 

* Romoved as h ~y from two ruttings; valu es computed on an even-dry woight basis. 

inches of average annual runoff. On 
longer field slop es the per-acre losses 
probably would have been greater. 
Th e 3-year rotation of corn- oats-ha y, 
with all residues left on th e field, 
maintained soil losses within safe lim
its for continued high production. 

Th e major soil and water losses re
sulted from a relatively small number 
of storms with high erosive potential. 
Th e 10 most erosive storms accounted 
for 13 percent of the total rainfall, 42 
percent of the tot al runoff, and 83 
percent of the total soil loss from con
tinuous corn . Nine of these 10 storms 
occurred during the 2-month period 
following corn planting wh en bare 
soils were unprotected from erosive 
forces of falling rain. Measured soil 
losses during this critical period ac
counted for 75 percent of the annual 
losses. Elimination of much of this 
"75 percent" by use of improved soil, 
crop, and residue management prac
tices would contribute appreciabl y 
toward alleviating the erosion prob
lem under int ensive cropping systems. 

Water losses from runoff were dis
tributed more uniformly throughout 
the year than were soil losses. Only 36 
percent of the annu al water losses 
from 5 years of continuous corn oc
curre d during th e 2-month critical 
period following corn planting. Thirty
eight percent of annual water loss re
sulted from snowmelt runoff. Four 
" ears of snowmelt runoff measure
merits indicate that little, if any, of the 
snowfall moisture contributes to the 
repl enishment of soil moisture, even 
when snow is retained in oat stubble. 
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Evaluating Soil and Crop Management System s� 
R. L. Thompson and S. D . Evans 

RECENT advances in agricultura l 
production have caused everyone 

to look more closely at some of the 
product ion practices long considered 
"standard ." Practices such as crop ro
ta tion, row spacing, plowin g and other 
tillage operations, and cultiva tion for 
weed contro l have tended to follow 
fairly uniform patte rns in areas where 
soil and climatic conditions are sim
ilar . Wi th the read y availability of 
cheaper fertilizers, selective herbi
cides, more effective insecticides, and 
versatile power equipment and ma 
chinery, some of the old "standard" 
practices are being questioned and 
often changed. 

In view of some of these changing 
conditions, an experiment was set up 
in 1960 at the Wes t Central Experi
ment Stat ion at Mor ris to eva lua te 
yield and economic adva ntage of com
binations of several crop management 
practices. 

Two management systems, "base" 
and "test ," were used in the experi
men t. The base system included prac
tices currently used in the Morris 
area; the test system included prac
tices thou ght to have potential for 
increasing crop productivity . These 
management systems were applied to 
continuou s corn , soybeans, and alfalfa 
( table 1 ) and to a rotati on of oats, 
hay, soybeans, and corn ( table 2 ). 

Soybean Yields 

Th e 6-year average show s a highly 
significant 7.1-bushel-per-acr e increase 
for soybeans grown under th e test 
man agement system as compa red to 
the base management system. Th e 
yield advan tage for the test manage
ment system has been quite consistent 
each year. Thi s incr eased yield pr ob
ably resu lts from the use of ph osphate 
fertilizer, narrower rows, and wee d 
control. 

R. L. T hompson is ag ro nomist and S. D . E van s 
is soil scientist at the West Central School and 
E xp eri me nt Station , Un ivers ity of Min n esot a , Morris. 

T h e authors exte nd their appreciation to \V . F. 
H ueg , Jr., L. D . Hanson, and H. J. Otto, experiment 
stati on di rect or , extension soil spe cialis t , an d exten 
sion agronomi st , respectively, for assistance and 
su gges tions in pl an ning a nd conduct ing thi s expe ri
m en t , 
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Table 1. Management practices followed for continuous soybeans, corn, or alfalfa 

Crop and cultural practice Base level� Test level 

Continuous Soyb eans:� 
Seeding rate 60 Ib./acre 90 Ib./acre� 
Weed control 3 cult ivations Eroa dca st amiben*� 

and cultivation� 
Fert ilize r None 0-45-0, 100 Ib./acre� 

broadcast� 
Row width 38 or 40 inches 20 inches� 
Var iety Merit Me rit� 

Cont inuous Corn:� 
Population, plants/acre 14,000-16, 000 18,000-20,000� 
Row width 38 or 40 inches 20 inches� 
Soil insecticide None Aldrin� 
Fertilize r, sta rte r or 8-32-16, 80 Ib./a cre 8-32-16, 160 Ib./acre� 

broadcast Nitrogen, 40 Ib./acre Nitrogen, 100 Ib./acre 
Weed control 3 cuItivat ions Eroc dccst atrazine and 

cult ivat ion 
Variety Va rious Minhybrids Various Minhybrids 

Continuous Alfalfa :· 
Variety and seeding rate Vernal, 10 Ib./ac re Vernal, 10 Ib./acre 
Fertilizer 0-45-0, 100 Ib./acre 0-45-0, 200 Ib./c cre 
Cutt ings 2 or 3 2 or 3 

* (The crop was initially estab lished without a companion crop using 2,4-DB and dolopan for weed controL) 

* Use of trade names does not imply endorsement. 

Table 2. Management practices followed for oats, hay, soybeans, corn rotution 

Crop and cultura l practice Base level� Test level 

Oats (1960)� Minton, 4 bu ./acre 
Var iety and seeding rate� Minton , 2Y2 bu./acre Vernal alfalfa, 8 Ib./acre 

Vernal alfalfa, 8 Ib./acre Lincoln brome g,ass, 
Lincoln brome g rass, 3 lb.Zccre 

3 Ib./acre 9-36-0,280Ib./acre 
Fertilizer None Nitrogen, 50 Ib./acre 
Harvest-Silage and grain yields 

Hay (1961) 
Fertilizer 0-45-0, 100 Ib./a cre 0-45-0 , 100 Ib./a cre 
Harvest-Yields were measured separately for plots where oats were harvested as silage 

a nd grain. 

Soybea ns (1962 )-Same treatment as continuous soybecns. 

Corn (1963)-Sa me treatment as continuous corn except weeds were hand hoed in test plots 
to el iminate possible carryover effect of a trazin e . 

Oats (1964)- The 1960 treatments we re repea ted except: 
(1) Garland subs tituted for Minton . 
(2) No fe rtilizer was used on test plots . 

Hay� (196 5)- The 1961 treatments were repeated except that 0-45-0 at 200 Ib./acre wc s a p
plied to test plots . 

Soybeans in a different rota tion ex trolling weeds but cultiva tion has 
periment on the sta tion have shown been needed to supplement the chem
an average response of 2.3 bushels icals when weather conditions were 
per acre from 17.5 pounds of ph os not favorable for a chemical or 
phorus (40 pounds P20 5 ) over an 8 when resistant weeds were a problem. 
year period . 

Corn YieldsWeed control in the test plots has 
been somewha t bett er th an in the base Cont inuous corn grown under the 
plots. Chemica ls ha ve help ed in con- test management system has yielded 
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Table 3. Six-year yields from continuous cropping systems 

Continuou s soybeans Continuous corn Continuous olla lf" 

Yeor Base Test Base Test Bose Test 

Bu.!ocre Bu'!acre @ 15.5% moisture Tons/ acr e (a ir dry basis) 

1960 ........................ 16.8 23.1 61.2 70.3 1.4 1.8 

1961 20.7 28.4 62.0 65 .5 2.2 2.0 

1962 21.2 26.4 67.0 87.4 4.8 5.1 

1963 23.4 36.7 72.7 73.1 4.9 4.9 

1964 15.6 22.1 36.7 34 .2 3.0 3.1 

1965 24.7 28.1 69.5 101.0 6.0 5.4 

Ave ra g e 20 .4 27.5 61.6 71.9 3.7 3.7 

Table 4. Six-year yields from rotation cropping systems 

Yi eld per acre 

Rota tion� Base Test 

1960 (O a ts) G ra in: 86.7 b u. 90.0 bu . 
Sila g e: 7.9 tons (g re en wt. ) 8.2 tons (g reen wi.) 

1961 (Alfa lfa) From g rain p lots: 1.87 tons 1.79 tons 
Fro m sila g e plo ts: 2.44 to ns 2.19 Ions 

1962 (Soybea ns) 25.6 bu . 24.1 bu. 

1963 (Co rn)� 86.4 bu . 113.0 bu. 

196 4 (O a ts)� G ra in: 65.1 bu . 94.2 bu. 
Silage : 1.14 tons (d ry wt.) 1.76 Ions (d ry wt .) 

1965 (Alfa lfa)� From grain plots: 5.1 tons 5.3 tons 
From sila g e p lots: 4.8 tons 5.4 tons 

10.3 bushels per acre more th an under 
the base management syste m. Thi s 
yield difference is statistically signifi
cant, but the advanta ge has not been 
as consistent each year as for soy
beans. The yield increase paid for the 
additiona l seed, ferti lizer , and herbi 
cide only 2 of th e 6 year s. But this 
does not mean th at one or more of 
these tr eatments would not prove 
profitable wh en used alone . 

Atrazine has controlled the weeds 
fairly we ll in the 20-inch rows, but 
cultural practices must also be used . 

Fert ilizer rates which ar e consider
ably in excess of recommendations 
based on soil test may give increased 
yields, but the cost of these increases 
usually exceeds their value . 

Alfalfa Yields 

Continuous alfalfa has shown no 
yield increase from the higher fertil
izer rates included. It appeared th at 
20 pounds of phosphorus (45 pounds 
P20 5 ) was ad equat e to obta in maxi
mum yields un der the conditions of 
this experiment. No additiona l potash 
was supplied since soil tests indicat ed 
very high levels. 

Th e slightly lower yields from the 

test mana gement alfalfa plots in 1961 
may be acco unted for by a differ ence 
in harvest dates. Th e first crop was 
removed from the test plots 6 days 
before the base management system. 
The yield of protein and TDN prob
ably would have been about equal 
from both plots because of a higher 
percent of prote in and TDN from 
earlier harvest. 

Precautions for Continuous Cropping 

Certain precautions must be fol
lowed in a continuous cropping sys
tem. Since insects and diseases are 
likely to be a problem, one must watch 
these fields more closely than under 
a rot ati on system and be prepared to 
correct th e problem or change the 
cropping pr ogram at th e earliest in
dication of trouble. For example, no 
difficulty was encountered in 6 years 
of continuous corn where no insecti
cides were used , hut the 7th year 
many adult corn rootworm beetl es 
were found and now the insects must 
be cont roll ed. Serious infestations 
probably would have occurred sooner 
in are as of the state where rootworms 
have been more of a problem. 

Soybeans may be mor e likely to 
develop roo t and stem rots and other 
diseases where grown continuously. 
No difficulti es have been encountered 
in 6 years of continuous soybeans, but 
these are relatively small plots and 
difficulties may develop more qui ckly 
in large field s than in th e plots. 

Crop Rotations 
Th e most common rotati on in west

ern Minn esota is alfalfa-corn-soy
beans-small grain. This sequence per
mits corn to utili ze nitrogen from the 
legum e but presents some problems. 
Moisture is often limit ed in fields 
where alfalfa is fall-plowed late in 
the season and this may reduce corn 
yields the following year. Also, th ere 
is often a pr oblem with volunteer corn 
in the soybeans. The sequence of 
crops in this experiment is hay, soy
beans, corn, and oats; this sequence 
overcomes the problem of volunteer 
corn in the soybe ans. Yield compari
sons between the continuous cropping 
system and th e rotation system should 
be mad e for a specific year rather than 
using th e 6-year average data for the 
continuous cropping system (tables 3 
and 4). 

Alfalfa grown in the rotation in 
1961 and 1965 yielded approxima tely 
th e sam e as when grown continuously. 
In 1961 the same early cutting dates 
were used for the rotation and con
tinuous alfalfa , whi ch may accoun t 
for the slightly reduced yield under 
the test system. 

Removal of the oats as silage 1 
week before grain harvest in 1960 re
sulted in conside rably incr eased hay 
yields in 1961. Th e earlier harvest of 
oats in 1964 appa rently did not affect 
yields in 1965. 

Weath er conditions following re
moval of the companion crop will 
often affect survival of the new alfalfa 
seeding. Th ese alfalfa seedlings are 
usually lacking in vigor du e to the 
compe titive effect of the comp anion 
crop, and relativ ely sma ll differences 
in harvest dates may make an imp or
tant differenc e in stand survival. Re
sults of other expe riments have shown 
the advantage of the early removal of 
a companion crop where moisture is 
limit ed. 

Wh en soybeans were grown in the 
rot ation in 1962, a yield compa rison 
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showed no significant difference be
tween the continuous cropping system 
and th e rotation. In continuous soy
bean plots the test management pro
duced higher yields th an base man
agement, but in rotation plots yields 
from th e two man agement systems 
were essentially equal. 

Although it is difficult to dr aw con
clusions from a sing le yea r's compari
son, it appears th at there are some 
advantages to growing soyb eans in a 
rota tion. But this advantage can be 
eliminated through more int ensive 
mana geme nt practi ces where soy
beans are grown continuously. 

In 1963, when corn was grown in 
the rotati on plots, yields for the dif
ferent treatments were quite variable. 
Corn grown in th e rotation yielded 
significantly more than continuous 
corn , with the highest yield from th e 
test management level. 

Test and base management yields 
of continuous corn were ab out equal, 
but significantly lower th an the base 
management rot ation yield . It is diffi
cult to explain the large yield ad
vantage for corn grown in the rot a
tion; the advan tage is probably re
lated in some way to conditions that 
occurred during the favorable grow
ing season in 1963. Another fertilizer 
and cropping system experiment at 
Morris shows an avera ge 4.4-bushe l
per-acre advantage for continuous 
corn over a 10-year period. 

Oats was grown in th e rotation in 
1960 and 1964. The only compa rison 
that can be mad e for the oats is be
tween the different manageme nt lev
els, since there was no continuous 
cropping of oats. In 1960 th ere was 
no significant difference between the 
base and test management level oat 
yields whether the crop was harvested 
for grain or silage. In 1964, oats pro
du ced 54 percent more silage and 45 
percent more grain under test than 
base level of management. Thi s in
crease was probabl y due to the in
creased fertilizer. It is doubtful that 
the higher seeding rate had much 
effect on the yields; adaquate stands 
were obtained at either rate. 

Cro p rotations remain a desirable 
management practice in crop produ c
tion where the overall farm operation 
will permit. Crop diversification 
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spreads some of th e risk of changing 
weath er and price conditions in addi
tion to soil and crop benefits whi ch 
have been considered important. 
Changes in soil struc ture th at affect 
tilth , dr ainage, water infiltr ation , and 
many other factors are probabl y af
fected by the cropping system. These 
fact ors are extremely difficult to meas
ure and change slowly, so it is hard 
to tell wha t the long-time effects of 
continuous cropping systems will be. 
Continuous cropping experiments car
ried out for pr olonged periods a t other 
places have shown that crop produc
tion is not necessarily reduced. 

Where soil erosion is a probl em, 
crop rota tions with limited cultivated 
crops are an effective means of con
trol. However , it may be possible to 
grow continuous cultivated crops on 
parts of a farm while leaving th e areas 
most subject to erosion in sod or a 
rotati on with a fairly high level of 
sod crops. 

Regardless of wh eth er a rotation or 
continuous cropping system is fol
lowed , careful management of crop 
residues, erosion control measur es, 
and disease and insect precautions are 
need ed. Some of these problems may 
be more critical under a continuou s 
cropping system than wh ere a rotation 
is followed. 

Th ese tri als were conducted on a 
Barn es clay loam. Soil tests were taken 
initially and at the end of the 6-year 
cropping period . Th e tests showed 
littl e change in pH, percent organic 
matter , and excha ngeable potassium. 
Little change would be expected in 
pH and organic matter content over 
this short period. 

The initi al level of excha ngeable 
potassium was very high and th e rates 
of potassium used were not high 
enough to increase th is level. As 
shown in tabl e 5, the level of extract
able pho sphorus was increased by the 
application of fert ilizer in the various 
cropp ing systems. Th e ph osphorus 
supplying pow er of this soil is ind i
cated by the base soybean plot where 
no ph osph orus was applied. On this 
plot an average yield of 20.4 bu shels 
per acre has been maintained with 
essentially no cha nge in ph osph orus 
level. On all other plots, the extrac t
able ph osphorus level has been in

creased where ph osphorus applica
tions ran ged from 50 to 236 poun ds 
per acre over th e 6-year period. 

Tab le 5. Extractable phosphorus and rates 
of phosphorus applications on crop manage

ment plots 

Total P applied 
Trea tment Extracta ble p* (Ib./a crelt 

Initial soil level 11� 
Soybea ns (base) 10 o� 
Soybeans (test) 27 118� 

Corn (ba se) 22 65� 
Corn (test) 34 134� 

Alfa lfa (base) 16 118 
Alfalfa (test) 28 236 

Rota tion (base) . 13 50 
~ota t ion (test) . 32 144 

* level of soil phosphorus as determ ined by the 
Univer sity of Minnesota Soil Testing l a bora tory. 

t To convert to P,O. multiply by 2.29. 

Summary: 

1. Soybeans responded to manage
ment practices such as narrower rows, 
fertili zer and good weed control. 

2. Response of corn to more inten
sive mana gement practi ces was not as 
consistent as respons e of soybeans. 

3. Fertilizer rat es exceeding present 
soil test recomm endations did not in
crease alfa lfa yields. 

4. Oats grown in a rot ation follow
ing fertilized corn yielded more under 
the more int ensive system. 

5. Corn and soyb eans were grown 
continuously for 6 years without major 
difficulties; however , th ere are adva n
tages from rotations and a rotation 
cropping system should be considered 
whe re land conditions and crop utili
zation will permit. 

6. Soil ph osphorus levels were in
creased , even with moderate levels of 
phosphorus fertilizer . 

If you'd like additiona l copies 
of Minn esota Scienc e, ask your 
county agent , or write to Bulletin 
Room, University of Minnesota, 
St. Paul , Minn esot a 55101. 
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Cropland Quality and Land Use Changes in Southern Minnesota� 
by Lowell D. Hanson The ranking of the soil areas is more important than 

CRA NGES in lan d use are obvious around our ra pidly
growing cities where in a few months the landscape 

can change from open land to streets and houses. In 
contrast, the rural scene appears unchanging to most 
observers. On a drive through southern Minnesota, the 
countryside appears about the same now as it did 20 
years ago. But is it the same? 

A closer look at cropland and where it is located 
reveals that sub stantial changes are continually takin g 
place. Most of these shifts are gradual and go unno.ticed; 
a slough is drained and planted to soybeans , whil e on 
th e other side of the section a 15-acre field, because of 
a droughty soil, goes uncropped for a few years and 
finally is planted to tr ees. 

Thousands of these rather small changes add up to 
a sizable cha nge over a few years . Fo r example, 10 town
ships representing a large area in western Minnesota 
show an increase of 32,500 acres of cropland from 1945 
to 1959, an increase of 22.6 percent. At the same time, 
cropland in 10 townships in central Minnesota decreased 
by 24.7 percent. Although statewide ~gures sho~ prac
tically no change in cropland, the location of an estimated 
million acres of cropland actually has changed. 

In order to better understand the magnitude of these 
land-use shifts and th e reasons for the changes, a study 
has been made of land use as related to soil geography. 
The quality of land for agr ic.ulture is ~est d~termined 
by the kinds of soil types which occur m a given area. 
Soils in central and southern Minnesota vary widely from 
low-fertility sands to fertile medium- and fine-textured 
soils which are well adapted to intensive com and soy
bean pr odu ction. 

MEASURING LAND QUALITY 

One of the first questions involv ed in the study was 
to develop a way of measuring this range of land quality. 
This was done by calculating a com yield index for each 
township in the study, based on the distribution of soil 
types. Tabl e 1 illustrates th e close agreement between 
predicted com yields bas ed .on soil resources and the 
actual yields reported by agricultural census. 

Table 1. Predicted and actual corn yields in SS townships 
from selected soil associations, bushels per acre 

Predict ed yield s Actual yield s, 
Soil groups from so il mops 1954·59 average 

Flok-6roinerd·Nokay . 38 37 
Estherv ille-Wadena-Hubbord 43 34 
Clari on-Nicollet-Webster 56 57 
Lester-LeSueur-Glencoe 56 57 
Bornes-Aostcd-Florn 39 41 
Kosson-Skyberg-Kenyon-Floyd 59 58 
Fayette-Torno 67 66 

Low ell D. H an son is an assis tant pr ofessor and extens ion soils spe cia lis t, 
Department of Soil Scie nce. 

the level of com yields. Individual farm reports and 
experimental plots indicate that pr esent yield potentials 
under good management are approximately double the 
figures listed in table 1. One exception would be the 
Estherville-Wad ena-Hubbard soils wh ere drought usually 
limits yields unl ess irri gation is used. 

Yields are only one factor concerning cropland qu ality 
or suitability of land for mod em crop production meth 
ods. Large field s suitabl e for cultiva tion with tod ay's 
six- and eight-row farm implements are increasingly im
portant. Other factors such as distance from markets and 
transportation faciliti es enter into determining wheth er 
or not land is used for crop pr odu ction. 

SOIL AREAS AND LAND USE TRENDS 

A general description of the nature of the land and 
soils of the seven soil areas shown in figure 1 follows. 
Some of th e tr ends in land use are given as indicated 
from sample township s in each area. 

Fayette-Tama Area 

This is a 2-million-acre southeastern Minn esota region 
of rolling hills covered with wind-blown silty material 
from which the silt loam soils are develop ed. The combi
nation of fertile, easily worked soils along with a long 
growing season and the highest rainfall of the sta te make 
this one of the highest yielding com areas of Minn esota. 
Both Fayette and Tama soils are gently to moderately 
rolling, and erosion is a constant problem. Only 3 per
cent of the soils need drain age, as this older landscape 
has naturally developed surface drainage through thous
ands of yea rs of geologic erosion. 

Cropland has remained quite constant since 1945. The 
nin e sample townships show a cropland decrease of only 

This landscape in Amherst Township, Fillmore County is typical 
of the Fayette-Tama soil association. 
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SE LECTED MINNESOTA 

SOIL ASSOC IAT IONS 

II 

1 

Location of se lected Minnesota soil associations. 

1.5 percent up to 1959. 1964 census figures indicate that 
acres of harvested cropland have decreased more rapidly 
the last 5 years. USDA feed grain diversion programs 
have contributed to this decline recently. 

Abou t one-third of the land is stee p, woode d terr ain 
unsuited for crops. Therefore, as other land uses compete 
for level land, agricultural cropland will continue to de
crease in the future. 

Kasson-Skyberg Area 

Occupying about 300,000 acres in Dodge, Fillmore, 
and Mower Counties, the se soils are developed from 
mixed pr airie and forest vege tation on compact glacial 
till. In contrast to the rolling Fayett e-Tama soils with 
permeable subsoils, crop yields on these soils are often 
limited by slow water movement in the subsoil. Low 
fertility of both phosphorus and potassium has been a 
problem for farmers in this area, bu t poor drainage has 
been more serious in restricting development of the se 
soils. 

The effect of a large acreage of poor natural drainage 
and recent rapid increas es in ar tificial drainage by tile 
and ditch is reflected in the increase in cropland from 
1945 to 1959. The seven sample townships from this soil 
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area record ed a cropland increase from 89,000 to 119,000 
acres, 33 percent, in this period. 

The impact of this added cropland on the community 
is substantial. 'Wh ile most of the farm areas of the state 
have been decreasing in tota l population, this area has 
not been losing popu lati on as rapidly as most areas. In 
1959 the population was 87 percent of the 1930 figure 
while the whole study area declined to 82 percent. One 
township, Neva da in Mower Coun ty, actually had 10 
more people living on farms in 1959 than in 1930. 

Drainage has had the effect of enlarging the effective 
farm size without adding total far m acres. Thus, the size 
of the farm business could be increased without a corr e
sponding decline in farm numbers by adding pro ductive 
crop land through drainage. 

Table 2. Percent of cropland soils with restricted drainage 

Soil g roup Percent of cro plo nd soils 

Fla k-Brainerd-Nokay 29 
Esthe rville-Wadena-H ubbard 16 
Lester-LeSueur-Glencoe 26 
Clar ion-Nicollet -Webster 53 
Barnes-Aastad-Flom 64 
Kasson-Skyberg-Kenyon-Floyd 59 
Fayette-Tama 3 
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Lester-LeSuer-Glencoe Area 

This soil area represents about 2.5 milli on acres wes t 
and southwest of the Twin Citi es ( see map). Glac ial 
moraines deposited at the margins of ice sheets acco unt 
for the rolling topo graphy and numerous lakes, poth oles, 
and sloughs. Land suitable for crops has been used for 
crop production for some tim e. There is less opportunity 
for adding cropland through drainage in th is area than 
in the Skyberg-Kasson area. Here 26 percent of the soils 
have restricted drainage compared to 58 in th e Skyberg
Kasson soils ( table 2) . 

Farm numbers have declined subs tantially, reflecting 
the consolidation of th e relatively small dairy farms com
mon to this region. Th e five sample townships from this 
area lost an average of 16 farms per township from 1945 
to 1959. Despite a tot al cropland increase of 8 percent 
during this period, the average farm had only 105 acres 
of cropland in 1959. Full-time commerci al farm opera
tions are almost impossible with this size crop base, so 
further large decreases in farm numbers are likely. 

The decrease in farm numbers is necessary because 
the soil geography is such th at only a few acres of 
ad ditonal cropland can be added per farm by opera tions 
such as drainage or clearin g. 

Clarion-Nicollet-Webster Area 

Directly west of the Lester-LeSueur soils is the large 
soil association of Clarion-Nicollet-Webster. Represent
ing about 4.5 million acres of gen tly rolling prairie soils, 
this is a highly productive ar ea of Minnesota's agricul
tural land. Although paren t materials of these soils ar e 
similar to those of th e Lester-LeSueur area, the more 
level topography and original prair ie vegeta tion make th e 

Obsolete farmsteads are often abandoned in favor of a corn
pletely new set of buildings. Fewer farmsteads are phased out 

in soil areas where cropland is increosinq, 

....-'� 

Hamlets decline in areas of farm consolidation. 

land more valuable for modern commercial agriculture . 
A high perc entage of the land-85 to 90 percent-is crop
land, and crop yields are high . This combination makes 
possible a high crop productivity per square mile. Th e 
some what poorly dr ained Webster and Glencoe soils 
occupy over half of all the cultivated land in the area . 

Land use tr ends of more int ensiv e cropping and in
creases in cropland are similar to thos e occurri ng in the 
Skyberg-Kasson area. Th e lOA percent increase in crop 
land since 1945 has not been as large. Dr ainage is also 
imp ort ant here in increasing cropland but, compared to 
other wet soil areas of the state , a higher prop ortion of 
this land was drain ed in the 20's and 30's. 

Population has declin ed by about 15 percent and the 
prop ort ion of famili es who farm from 95 to 85 percent 
in ru ral townships since 1930. The adjustments neces
sary to larger farm units are perhaps not as difficult on 
a community basis as in the dairy farming area to the 
eas t because the population density, 12.3 per square mile , 
is not high . In the Ca rve r, Wright, and Scott County 
areas, Lester-LeSuer soils rural townships had a popula
tion of 19.6 per squa re mile in 1960. 

Barnes-Aastad-Florn Area 

Barnes-Aastad-Flom is a large soil area, 4.5 million 
acres, in western Minn esota. A 23- to 26-inch annual 
rainfall coupled with warm summers favored short 
pr airie grass vegeta tion during past glac ial tim e and the 
soils developed reflect these conditions in moderate top
soil depth and a subsoil rich in the plant nutrient s of 
calcium, magnesium , and potassium. Despite fertile soils, 
corn yields are the lowest-39 bu shels per acre- of the 
southern Minn esota soil area s ( table 1 ) . 

In general, th is land is level to gently rollin g, favorin g 
large field s and farms . Except for dr ainage ditches and 
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roads, there are few restri ctions to field size. In spite of 
the low rainfall, sizable amounts of land need artificial 
drainage. Th is drainage has been installed rapidly since 
World War II and is reflected in the increasing acrea ge 
of cropland in the census. Th e 10 sample townships re
corded a 22-percent cropland increase from 1945 to 1959. 
Part of this increase is land that was farmed without 
dra inage durin g the drought of the 1930's and went out 
of pro duction during wet yea rs in the 1940's. 

Numbers of farms declined by 13 percent from 1945 
to 1959. Th is decline, together with the additiona l crop
land , has resulted in an average increase in crop acres 
per farm from 162 to 224 during this period. Total acres 
per farm are continuing to increase. Lae Qui Parle 
County farms, for example, average 284 acres in 1964, 
a 33-acre increase over 1959. Farmers in this soil area 
are the most effi cient of all of the area s studied in terms 
of acres farmed per man. In 1945, cropland per man was 
100 acr es and this increased to 160 acres per man in 
1959. Part of this high acre per man figure can be ex
plained by the low numbers of high lab or requirement 
dairy herds, but a large share is due to extensive use of 
large farm implements. 

So, despite rath er modest average yields, this is an 
area of expanding crop pr oduction , both in terms of effi
ciency and size. These changes have been accompanied 
by a popu lation decline in rura l townships; 1959 popula
tion was only 71 percen t of 1930 numbers in the stu dy 
area. 

Fl ak-Brainerd- okay Area 

The Brainerd- Nokay area soils were developed from 
reddish-brown sandy loam glacial till und er forest vege 
tation. Several factors, including cool and short season 
climate, soils low in lime and potash, "cut-up" nature 
of the topography, and nu merou s surface stones and 
bould ers combine to make these somewhat marginal 
agricultural soils. 

Tr aditionally, this area has had livestock farms with 
emphasis on dairy. In 1959, 97 percent of th e cash sales 
from the sampl e town ship farm s were from livestock; 
on ly 2.8 percent were from direc t sale of crops. This is 
in contrast to the Aastad-Flom area where 32 percent of 
income came directly from crops. 

Agriculture is declining in terms of far m nu mbers, 
about 12 percent from 1945 to 1959. Soil bank land and 
crop land shifting to pasture or trees has caused a cor
responding decl ine in crop land, so average acres of crops 
per farm have remained constant at abo ut 72 acres . 

Although a high proport ion of the land is too wet for 
crop produ ction, few acres have been dr ained or are 
likely to be dr ained in the fut ure. This is because of th e 
hea vy concentration of boulders in the low swales. Also, 
the land value per acre makes it difficult to justify ex
pensive drainage. 

The physical deficiencies of the land and soils in this 
region app ear to be making it increasingly difficult for 
these farm ers to compete with those from southern Min
nesota and Corn Belt states. 
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Estherville-Wadena-Hubbard Area 

Sandy soils are the ru le in areas of the state repre
sented by this category. Glacia l meltwa ter sorted out the 
sma ll particles of silt and clay, leaving sands for soil 
formation. Low water- holding capacity is the chief prob
lem with these soils. Natural soil fer tility is also usually 
low, bu t th is can be corrected with nitrogen and pot as
sium fertilizers. 'While most southern Minnesota farm ers 
are troubled by poor drainage, too rapid drainage is the 
case on these san dy soils. 

Townships representing th is soil area in the study 
showe d a sha rp decline in crop land from 1945 to 1959. 
The average decrease was 24.7 percent. One census unit, 
Bangor and Lake Johanna Township s in Pope County, 
record ed only half as much cropland in 1959 as 1.5 years 
earlier. Anoth er area in Todd County, Little Elk and 
Bru ce Townships, had a 21-percent decrease. Apparently 
the soil bank pro gram was parti ally responsible for this 
decline , as most of the acreage loss occurr ed from 19,54 
to 1959 when thi s program was most active. 

Th e people also left ; there was a 36-pe rcen t decline 
in numbers of farms in this area from 1945 to 1959. 
Change in farm size was small, only 3 percent decrease 
in crop acres pe r farm, since both farm numbers and 
acres decreased. 

Recently irri gation has been used on individu al farms 
in this area . Th e total acr eage irr igated is still small, bu t 
offers a way to utilize these soils in the futur e. Therefore, 
past trends of decreasing land value may not hold true 
in the fut ur e. 

Summary 

Of the seven soil groups studied, there appear to be 
three patterns of land use change . Both numb ers of farms 
and acreage farmed have been decreasin g over the past 
two decades on the F lak-Bra ine rd-Nokay and Estherville
Wa den a-Hubbard soil groups. Under trad itional technol
ogy and management, farms on th ese soils have not been 
able to compe te with those in southern Minn esota. 

An int erm ediate pattern of farm size change is illus
trat ed by the Lester-LeSueur, Nicollet-Webster, and 
Fayette-Tama soil areas. Th ese groups have had a 10
to 15-percent decrease in numbers of farm s and a 16- to 
24-percent increase in cropland per farm . The cropland 
increase per farm is parti ally from farm consolidation 
and partially from abso lute increase in cropland over the 
15-year period. 

A th ird pattern is exhibited by the Aastad -Flom and 
Skybe rg-Kasson soil areas whe re decrease in farm num
bers has been a modest 11 and 7 percent , but averaged 
38 and 44 percent increase in cropland per farm . 

The extent to which there has been an opportunity to 
ad d new pr odu ctive land through drainage has appar
ently been a big fac tor in these changes. 

There are substan tial geograph ic differences in the 
rat e of adjustments of farm sizes and numbers caused by 
economic and techn ological forces. Among the factors 
affecting th ese changes, physical geog raphy as expressed 
by soils is imp ort ant. 
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Cameras, Burning, and Freezing - Tools for Forestry Research� 
I N SOME WOODED BOGS and uplands of northern 

Minnesota, high wispy columns of smoke on certai~ 
days ar e a signal, not of uncontrolled destruction, but of 
science at work- on prescribed burning as a tool of 
forest management. . 

In th e University's forest products laboratones, re
sea rch men put green boards in a freezer before kiln 
drying, seeking an answer to a vexing old problem of 
the lumber industry. 

In the skies over th e Twin Cities are a, sma ll planes 
carrying specially designed equipment and highly-trained 
cameramen are using infrared film in camouflage detec
tion-not as a mili tary exercise but in detection of oak 
wilt, Dutch elm disease, and other diseases. . ' 

These activities are part of the modern look m for
estry and forest products research at. the University of 
Minnesota. This research has two mam thrusts : 

1.� Educating professional for esters for research ca
reers in public and private positions, and 

2.� Direct involvem ent in basic and problem -oriented 
research . 

About a third of Minnesota's land is in forests , and 
about half of this forest acreage is public land. Processing 
and distributing forest products in Minnesota annually 
create about $500 million in th e state economy. Nea.rly 
60 perc ent of this value is from harvesting and pr~cessmg 
of Min nesota tim ber; th e rest is advanced processm g and 
distribution of wood brought in from other stat es. So 
although we don't ha ve the towering r~dwoods and 
Douglas firs growing here, th ey figure m our forest 
industry in a major way. . . , 

The forest products processing mdustnes directly 
employ between 15,000 and 20,000 Minnesotans . At le~st 
half of thi s employment is in the pul.p. and pa~er m
dustry which has promising opportunities for still fur
ther g;'owth. Past research has shown. how to ~Itiliz e tree 
species formerly unacceptable for high qu ality market 
products. Silviculture (forest ma~agement) rese~rch has 
shown how to increase forest yields , Along with new 
knowledge about protection from insects, fi~e, and dis
ease silviculture is contributing to restoration of vast 
ar ea~ of Minn esota's forests . 

Yet with many northern communities relying on 
forest 'industries for economic well-being, th ere are 
major problems in utilization of for est reso~rces. Leisure 
time interests of citizens have led to multiple demands 
on forested land. Although the pulp market has helped 
utilize low-quality trees, the asp en and other spe cies 
pose major research problems. The challenge to research 
in Minnesota has several aspects: 

• Utilization and marketing research for ways to use 
low-grade species in the short run and for ways to main
tain cost competitiveness in the long run. 

•� Management and biological research on ways to 

conv ert th ese areas, when harvested, to mor e desirable 
species. 

• Studies of problems facing institutions and mana
gers in adapting to such trends as the growing labor 
shortage for woods work and the resultant shift to me
chanical harvesting. 

• Resolution of conflicts between uses of forest areas. 
Too often , decisions on forest use must be made without 
thorough understanding of costs and benefits of vari ous 
courses of action. 

Among th e various University research projects di
rected toward thes e problems, we shall describe three
pr escribed burning, study of a new technique for drying 
green lumber, and use of aerial photography in forest 
study. 

Prescribed Burning 

An elder citizen who recalls th e great Hinckley fire of 
1894 or th e Cloquet-Moose Lake-Sandstone fire of 1918 
might be hard to convince, but fire under control is 
proving its worth as a forest management tool. Foresters 
have amp le proof that without fires down through th e 
ages we wouldn't have the maj estic stands of red pines 
like th ose alon g trailwa ys of Itasca Park. To re-create an 
18th century forest , we may need an 18th century kind 
of environment, and that would include periodic fires to 
wipe out competing vegetation and give red pin e seed
lings a better chance. In older stands of red pine at 
Itasca Park, th e trees oft en date back to the times of 
major fires-1714, 1803, 1807, and 1820, for example. 

Prescribed burns conducted under carefully selected 
fuel and weather conditions are showing merit in studies 
at th e Cloquet Forest Research Center , at the Cedar 
Cr eek Natural History Area , and in other locations. 
Frank Irving and his associates conducting th e studies 
say th e technique promises to have other applications. 
In cooperation with plant pathologists, University for 
esters ar e attempting to control certain forest diseases 
and undesirable plants , such as dw arf mistletoe in black 
spruce. This pr esents an especially ticklish problem, since 
spruce swamps are hard to burn except in dry periods 
wh en surrounding areas are tinder dry. One experimental 
approach is to spray thes e diseased ar eas in swamps first 
with liquid fu el, to create a hot continuous fire th at does 
th e job under safe conditions. 

Fire under careful control is being studied as a wa y 
of improving wildlife habitat at Carlos Avery Game 
Refuge near the Twin Cities, in coop eration with the 
Minnesota Department of Conservation . The problem at 
Carlos Avery is not to learn whether fire can be used 
this way, but how to do it efficiently with available men 
and equipme nt. Current efforts are intended to make th e 
procedure safer , easier, and cheaper. 
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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. 

22 

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. 

M IN NESOT A S CIE NCE 



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 

VOLUME 23, No.4-JuLY 1967 

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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Major Floods and Agriculture� 
Ph ilip W, Man son 

RECORD BREAKING FLOODS on 
the Mississippi Hiver in 1965 

caused much discussion as to why 
floods occur . Some of the more irr a
tional flood remarks imply that the 
farmer is solely responsible for all 
major floods because he does not use 
ade quate or prop er water conserva
tion pr actices. Yet flow records from 
1 Hnnesotn rivers indicate that recent 
floods are of no grea ter magnitude or 
frequency en outlet rivers from large 
watersheds than they were in the past. 

As more streamflow data is accumu
lated new extreme flow records will 
become a ailable, Floodflow on the 
Upper Mississippi River in 1965 had 
an estimated frequency of cccurence 
of about 1 in 100 or more years. 

Losses from floods are much grea ter 
today than they were in the past. 
Pressures from industry, homeowners, 
and agricultur e, have increased to the 
extent that flood plains earlier shunned 
as unsuitable for developm ent are oc
cup ied. One of the main problems is 
not that there has been a change in 
the flood patt ern, bu t that there has 
been a decelop ment of th ese hazard 
ous natural flood plains. More ade 
quate zoning regula tions are needed 
to minimize future flood damages. 

Former Dean Athelstan Spilhaus of 
the University's Inst itute of Technol
ogy contends it isn't a matt er of the 
waters encroaching on the cities, bu t 
of the cities spread ing into the na tural 
flood plains faster than engineers can 
plan and bui ld dikes and levees.' 
Dean Spilhau s, like many others, also 
prop osed "that the natural flood plains 
be reserved for purposes othe r than 
industrial sites and residential areas 
from which people and property have 
to be removed when rivers overfl ow 
from the spri ng snow melt and rain s." 
He suggested ". . . that these natural 
flood plains be used as parks or for 
other developm ent tha t would not 
suffer unduly from occasional flood
ing, or for such building as would not 

Ph ilip \ V. Manson is a pr ofessor in th e D ep art
m en t of Agricultural En gin eer in g. 

1 St. Paul D ispatch, Ap ril 19 , 19 65. 
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Frequency and magnitude 

Mississippi Rive r a t 
St. Pau l, 

Aood Aow excee ded 
56 ,200 cu. ft ./second 

Pe riod 
Time No. of 

pe riod floods 

of flooding on Minnesota rivers 

Minneso ta River a t 
Ma nkato, 

floodfl ow exc eed ed 
19,500 cu. ft./second 

Time 
period 

Number of years when f1oodflow exceeded amounts 

First half period 1867-1915 12* 1881-1922 
Second half pe riod 1916-1965 8 1923-1965 

Number of years when floodflow exceeded amounts 

First ha lf per iod 1867-1915 4 * 1881-1922 
Second ha lf per iod 1916·1965 3 1923-1965 

No. of 
Aoods 

above 

12 * 
11 

a b o ve 50 

2 
3* 

Av erage yearly floodflow in cu. ft ./second as calculated for the� 

First half per iod 1867-1915 74,800 1881-1922 35,200� 

Red River a t� 
G ra nd For ks,� 

floodAow ex ceede d� 
26,600 cu. ft ./second� 

Time No . of 
pe riod Aoods 

1882-1923 15* 
1924-1965 11 

percent 

1882-1923 3* 
1924-1965 2 

two periods 

1882-1923 34,700* 
Second half period 1916-1965 90,700* 192 3-1965 38,00 0* 1924-1965 33,300 

* Ind icates pe riod s with the g rea test flood frequ en cy, gr eat est ma g nitude floods , or the la rg est a ve ra g e 
yearly floodAaw . Da ta f rom U.S. Ge ologi ca l Su rvey re cord s. 

be damaged or lost in floods ." 
Th e farmer can contro l to a large 

degree the damage that results from 
soil .erosion by following the recom
mended practices of the U.S. Soil 
Conservati on Servi ce and the agricul
tura l experiment sta tions. In the past 
qua rter century tr emend ous strides 
have been mad e in the science to 
better manage wa ter in agricultural 
areas through the "watershed ap
proac h." Well-p lanned wa tershed proj
ects in Minnesota hav e provid ed ex
cellent flood prot ection to small local 
areas th rou gh the insta llation of de
tention reservoirs and throu gh the soil 
and water conserva tion practices usu
ally recommended. 

Many examples could be cited to 
show that the occurrenc e of floods on 
outlet streams from large watersheds 
has not changed through the years . 
The table provides a close-to-hom e 
illustration. 

For comparison, data showing the 
frequency an d the magni tude of flood
ing for the Mississippi River , th e 
Minnesota River, and the Red River 
of the 1 orth is summarized separately 
for the first half and the second half 
of the period. 

Data in the tahle show that the 
Mississippi River, the Minn esota 
River , an d the Red Hiver all had a 
greater flood frequency during the 
first half of the period . 

Th e Mississippi River and the Red 

River had more "great" floods during 
the first half of the period. Th e Min 
nesot a River showed more "great" 
floods during the second half of the 
period. Th e average yearly floodflow 
for the Mississippi and Minnesota was 
greatest during the second half of the 
period . For the Red River the average 
yearly flcodflow was greatest for the 
first half of the period . 

None of the data indi cate significant 
trends. Long-time records would tend 
to equalize all values. 

It can be quite definitely sta ted that 
floods as occurred in the spring of 
1965 on the major rivers in Minn esota 
are not the result of ma n's making. 
They are a resu lt of nature's work as 
cu lmina ting from an un usua l combi
nation of many wea ther conditions, 
such as wet fall, a soil of high mois
ture ccn tent , a deep soil freeze, con
tinuous cold wea ther with limited 
winter thaw, an ice-sheet cover over 
muc h of the ground surface, a high 
accumulation of snow, or a lat e spring 
thaw accom panied by heavy rains. 
Maximum floodflows are realized at 
specific points when the peak flows 
from many small streams collect at 
one location in the main strea m at the 
sam e time. 

It can be concluded that the fre
quency and the size of floods as occur 
on large outlet streams from -large 
watersheds have not been ma teriallv 
altere d by modern farmi ng pr actices. 
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RARE NATIVE TREES OF MINNESOTA� 
Albert G. Johnson an d Sco tt S. P au le y 

M INNESOTA has long since lost its 
role as a frontier state in terms of 

sett lement by human immigrants. But in a 
botanical sense , it remains a wes tern fron 
tier for many eastern p lant species and 
the southern or southwestern outpost for 
several species predominantly Canadian. 

Minn esota's fron tier role in the migra
tion of plan t species probably is du e 
chiefly to its mid-latitude and mid-longi
tude location in th e north temperate 
zone, coupled with the post-glacia l cli
mat ic changes in east-central North 
Ame rica. The important ecological re
sult in Minnesota was the development 
of two principal p lant formations : the tall 
grass pr airie and the forest. These diverse 
plant formation s interlock in a rough ly 
diagonal course from the northwes t 

boundaries with North Dakota and Mani
toba to th e southeast boundary with 
Iowa (figure 1). 

Consequen tly, Minn esot a represents 
both the western or northwestern out
post in the native range of ma ny tree 
species of th e easte rn United States and 
the sou thern or southwestern limit in th e 
native range of several nor th ern species . 
Of th e 46 major North American tree 
species nativ e in Minn esota no less th an 
38 (83 percent) have a porti on of the ir 
natural ran ge boundary in th e state (3 ) . 

But as you migh t expect, some of 
Minnesota 's claimed native tree species 
are extremely rare , some ma y even be 
extinc t. Still oth ers occupy a nati ve range 
restricted to southeastern Minn esota . 

Of related botan ical in terest is the 

CON IFER BOG 1:1:I: j: 1 GREAT LAKES SPRUCE _fIR FOREST. 
ILar. - Piua - Thuja) I=j:H.: IPiua- Abi· · l 

NORTHERN FLOODPLAINS fOREST .=:=: 
GIEAT LAKES PINE f ORE ST :.::••:. ~,:':.

IPop.,I". - 5a li.- Ulmus) IPinuI) 

BlUESTEM PRAIR IE I I I lAKES ~D 
(Andropogo n- Panicum_ 50rgha, t, um) I I I I 

MAPLE-BASSWOOD fOREST 
lAcer - fil ial 

OAK - 5A ~ANNA fft ~:~ 
(Quercul - Androp ogonl 1! '. lIt , OAK-HICKon FOUST t ~~ ~.? 

IQue rcus - Cory G) • 0 Q . 0 
... ~! .uc ,,~ GEOGItAPH ICAL. secnr v. 

NEW YORK, 196 4 RE ORAWN 8 '1' WILM A MONSE RUO� 
DEPA RTMEN T OF BOTANY� 

U NI VE RS ITY OF MINNES OTA� 
MIN NEAPOLI S. MINNESOTA 

Figure 1. Vegetational map of Minnesota showing for est-pra irie border. Map was 
or iginally prepared by A. W. KUchler, University of Kansas, Lawrence, Kansas. 
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pr esence of re lic populations of certain 
north ern coni fers in th e southern part 
of the sta te and th e sporadic occurrence 
of certa in na tive hybrids between native 
species or wit h related exotics that have 
been introduced . This article summarizes 
wh at is presently known of the local dis
trilmtion of th ese rar e nati ve tree speci es 
and na tur al hybrids . 

RABE OR E XTINCT SPECIES· 

Red Mulb err y 

Red mulberry i Morus rubra L.) is a 
small tree now of doubtful natural oc
currence in sou theastern Minnesota . Th e 
long-acuminate ( tape ring ) tips of th e 
rou gh leaves distinguish it from th c com
mon ly plan ted and often escaped Tar
larian mulberry ( M . alba tatarica Scr.) , 
wh ich has smoo th shiny leaves th e tip s 
of wh ich are abruptly sharp pointed . In 
both species great variability in lobing is 
likely to occur. Red mulberry has been 
reported only from th e extreme south
eastern corne r of Houston County where 
it is probably now extinct. Some culti
vated varieties of this species are planted 
for their fruit, and spontaneous seedlings 
descended from suc h plantings are fre
quen tly reported . 

Ho ncy locust 

Th e status of honeylocust ( Gleditsia 
triacant lios L.) as a native species in Min 
nesota is based up on one collection made 
by Professor W . A. Wheeler in Houston 
County in 1899. He found a sing le tree 
on an island in th e Mississippi River in 
an area now flooded by a navigational 
dam . In spite of its probable extinc tion 
as a nat ive, hon eylocust is widely planted 
as an ornam enta l and is now common in 
towns and around residences throughout 
much of the sta te, especia lly the nam ed 
thornl ess horti cultural vari eti es. 

Chinkapin Oa k 

On e of th e more unu sual trees of 
Minnesota is the chinkapin oak ( Quercus 

Albert G . Joh nson is a researc h fell ow in th e 
dep artment of Horticultural Scien ce, and Scott S. 
Paul ey is a prof essor in the Sch oo l of F orestry. 

o Another rare or mo re prob ab ly extinct na tiv e 
t ree of Minn esota is th e Sassafras (Sassaf ras al
bidu m ( NlIll. ) N ees ) . Two de ta che d leav es wer e 
collect ed b y M r. Ma ll Sa ari of th e Mi nn esot a Con
servation D epartment and are in the Uni versity 
Herharium . The leaves were obtaine d in Au gust 
1939 from a tree growing on an erod ing bank in 
Quin cy T own ship. Olm sted Co un ty ( Se c 2 or II 
TI07N Rll W ) in w ha t is no w pa rt of th e H a rd 
wood Memori al State Forest . Rec ent un successful 
efforts to find th is tr ee indi cat e th at th e si te h as 
probably heen destroyed by con tinued ban k erosion. 
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m u eli le n b ergi i Engelm .) , sometime s 
called yellow or che stnut oak . This tree 
has been found but once within the sta te. 
Profesor W . A. Wheeler of the University 
of Minnesota collected specimens of the 
the species in July 1899 on a rocky slope 
in Section 19, Crooked Creek Township, 
Houston County. Because this oak has 
neither be en found elsewhere in the 
state nor the original trees observed 
again, Wheeler 's record of thi s discovery 
is of some histo rical interest. H is field 
notes rea d as follows: 

"July 15, 1899. 
2 trees 3f.I mile N.\\! . from Freeburg 
on E. side of road going N.W. up 
tributary of C. Cr.' valley: 

No. 1 
Height 9 feet 
Circum 1 ft . from gr. 8'h in. 
Circum 3 Ft. from gr. 7 in. 
Spread 6 feet. 

No. 2 
Height 10 feet 
Circum 1 flo from gr. 8% in. 
Circum 3 ft. from gr. 7'/2 in. 

Spread 7 feet 
D escrip .:� Bark dark gray peeling on on 

bran ches and trunk. 
Twigs small, gray, very finely 
branched, not coarse like Bur 
Oak. 

Further notes taken July 17 . . . 
Tree apparently shrubby as 
there are numerous sprouts at 
base which cattle have browsed 
on. Sprouts very much from 
the trunk. Trunk crooked. 
Acorns smaller than Bur Oak at 
this season. Branches spreading. 
Leaves somewhat shining above, 
pale tomentose beneath, coarse
ly toothed; sinuses larger toward 
base of leaf, 3 to 6 inches long, 
1',4 to 2% inches broad. Petioles 
slender but rigid, 4" to 12" .' 

A recent search for remnants of Wheel
er's ch inkapin oaks was unproductive, 
and the spe cies is qu ite probably extinct 
in Min nesota. 

Striped Maple 
Stripe d map le (Acer pensuloanicum 

L.) is a species of very doubtful occur
ence in Minnesota. Recurrent rumors 
have claim ed its pr esence in the North 
Shore area, but no au th en ticat ed speci
men s ar e known to exist. 

1 Crooked Cr ee k . 
2 W h eeler here used th e current inch mark 

(1/ ) to indi cate the unit of measure term ed a " lin e" 
wh ich equ als 1/ 12 of an inch . 

Du e to differences in interp ret ation and con 
fusion in the nom encl ature , th is single collection 
of Wheeler' s is th e basis for the rep orted presence 
of b oth Q ucrcus muehlen bergil E ngelm . and Q 
priooidcs W illd . in Minn esot a . Wheele r' s speci 
me ns, of which three are on d ep osit in the Un ive r
sity of Minn esota herba rium (U. of Min n. Nos . 
9 8932, 9 89 33 , 22 59 62 ), ori gin a lly bor e th e n ame 
Quercus prinuid es W illd . The det erminat ion s wer e 
m ade b y Pro f. C . S. Sargent of th e Arnold Arbore
tum . These were red etermined by Wrn . M . Keith , 
Jr . as " Q. -prinus L. subspecies a Cllmina ta ( Mich x. ) 
Keith var. JlUmilis ( Marsha ll ) Keith ." Th is name is 
here interpreted as synonymous with Q. mu ehlcl1
bergii E ng elm , In any event th e sp eci m ens do not 
ap p ear to be Q . prinoides Willd . as it is pr esently 
interpreted , but co nfo rm more cl osely to Q . muehl
en bergii E ngelm ( figur e 2 ). 
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RARE SPE CIES- E XTAN T 

Eastern Hemlock 
Among th e con ifers na tive to Minne

sota, only the range of eastern hemlock 
( Tsllga canadensis (L.) Carr.) is highly 
restricted. While records ind icate a wider 
occurrence within h istor ic tim es, p rob
ably less than a dozen na tiv e tr ees re
main . A few sca tt ered tr ees ar e on record 
from St. Lou is Cou nty, occuring on th e 
bluffs abo ve Du luth and in th e F lood
wood-Meadowlands area. A single tree 
grows along th e Ogant z Trail in Jay 
Cooke State Park, Ca rlton County. Two 
trees of the th ree repo rted by Roe and 
Rudolf (4) in Mill e Lacs County (figur e 
3) are alive at presen t, th e th ird tree has 
been blown down since th eir report in 
1937 . Effor ts to track down old reports 
of eastern hemlock undertaken by Dr. 
Roland Schoenike and the au thors in 
recent years have been largely unrewa rd
ing, as the trees men tioned in th ese old 
re ports were apparen tly destroyed during 
th e fires of th e early par t of this century . 

Th e failure of hemlock to rep rod uce 
and ma intain itself in the nor thwestern 
peripheral areas of its rang e is not com 
pletely understood . In Wi sconsin hem
lock rarely reproduces successfully under 
th e br owsing pr essur e of h igh d eer popu
lations. Th ere ar e so few hemlock tr ees 
in Minnesota that significan t observat ions 
on browsing effect s canno t be made; 
however the trees at Mille Lacs are 
known to produce large quan tit ies of 
viable seed . Roe and Ru do lf reported 
2,000 seed lin gs grown at Badou ra Sta te 
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Figure 2. Specimen of chinkapin oak col
lected by Prof. W. A. Wheeler in Houston 
County, Minn., in 1899. 

Nursery, bu t there ar e no records of 
where the seedlings we nt. 

More recen tly seedlings have been 
grown at the University of Minnesota 
Lands cape Arbo retum an d by the School 
of F orestry at the North Cen tral Experi
ment Sta tion , Grand Rapids. Seed col
lect ed from the solitary tree at Jay Cooke 
Park has been of poor quality, larg ely 
inse ct infested, and of low vitality, prob
ably due to self-pollina tion . 
White Ash 

White ash (Frax in li S am ericana L. ) 
has had a controve rsial status as a nati ve 
tree species of th e sta te of Minn esota. 
While often listed in botan ical and den
dro log ical texts as ranging into eastern 
or southe astern Minnesota, th e University 
of Minnesota only rece ntly acquired 
specimens to support its occ urence with
in the state. Rosendahl (5 ) ind icat ed the 
species to be infreq uent or ra re within 
the southern bord er of the state. It s 
pr esence in Iowa and western Wisconsin 
(in cluding St. Croix, Polk, Barron, Bur 
nett, and Washburn counties ) supported 
the probabil ity of its occur ence wi thin 
th e adjoining counties of Minn esota. On 
the strength of this assumption Dr. 
Thomas Morley of the University of 
Minneso ta Botan y Department found th is 
ash in July 1966 near Brownsville in 
Houston County, and also in Winona 
County. Since th en we have foun d th e 
tree along th e St. Croix River in both 
Ch isago and Pine Counties, However, 
whi te ash remains of local and re latively 
infreq uent occur rence and is of no com
mercia l imp ortance within the sta te. 

White ash and green ash (F . pennsul
vanica Marsh., ) are easily confused by 
anyone unfamiliar wi th the bo tanical dis
tinctions between the specie s. This con
fus ion has led to use of the name wh ite 
ash for green ash in Minn esota . Green 
ash is a tree of usu ally moderat e size 
(up to 60 feet) and rela tively slender 
pr oportions . It s leaflets are nearly the 
same color on bo th up per and lower 
surface s. T he blades of the leaflets are 
decurrent ( running down) on th eir sta lks 
making them appear very short stalked . 

In white ash a sha rp contrast exists 
between the green upper surface of th e 
leaflet and its whitish underside. Th e 
leaflets are roun ded to b roadly sharp 
pointed at the base on well-d evelop ed 
wingless stalks. 

SPE CIES RES TRI CTED TO 
SO UTHEASTERN MINNESOTA 

Black Walnut 
Black walnut (Jllg1ans nigra L.r is a 

common species in rich wo ode d areas in 
the southeastern counties of Min nesota, 
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Fig ure 3. Mille Lacs County hemlocks as they appeared when reported by Roe and 
Rudolph in 1937. Photo courtesy of the U. S. Forest Serv ice. 

reaching as far north as the metropolitan 
area in Dakota and Scott Counties. South
wes tward it has been reported as far as 
Nobles County. Black walnut is frequent 
ly planted north of its ran ge as an orna
mental t ree. 

Shagbark H ickory 
Th e Minnesota range of shagba rk hick

ory (Carya ovata (Mill .) K. Koch ) is 
limited to th e extreme southeastern cor
ner of th e state, reaching only as far 
north as Wabasha Countv and westward 
to Freeborn County. B e ~aus e of its dis
tinctive bark and edible nuts this species 
is well known within its range. 

River Birch 
River birch ( Betula nigra L. ) is some

times called red bir ch locally becaus e of 
the lustrous reddish-brown bark on its 
upper stem and branches. It is a common 
bottomland tree of the Mississippi River 
southward from wh ere th e Chipp ewa 
River joins the Mississippi at the lower 
end of Lake Pepin. Ups tream , to the 
mouth of the St. Croix River , it is less 
frequent. One sma ll grove on the St . 
Croix (in Washington Co., Sec 27 T2 71 
R20W ) , about 3 miles north of Point 
Douglas, was discovered by Dr. and Mrs. 
Knud E. Clausen in 1957 . This station 
represents the most northerly known oc
currence of river birch in Minnesota . Th e 
species is un ique among the birches in 
that the frui ts mature in early summer 
and germinate imm edi at ely on alluv ial 
soils left by receding wa ter in th e man-
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ner of silver maple, the elms, willows, 
and cott onwood . 

Oaks 
Seven speci es of oak are native to 

Minnesota and are divid ed conveniently 
into two groups: the white oaks char
acte rized by rounded leaf lobes and 
acorns that ma ture in a single growing 
season, and th e bla ck oaks with sharp 

• 

bristle-tipped lobes, and acorns that re
quire two seasons to mature. 

The white oak group incl ud es whit e 
oak (Ql/ercus alba L. ) , bur oak (Q. 
macrocarpa Michx.) , swamp white oak 
(Q. bicolor Willd .) , and chinkapin oak 
(Q. mu ehlenbergii En gelm .) . White and 
bur oak are of wid e distribution in the 
state, bur oak reaching into the extreme 
northwest area along the Red River Val
ley. Swamp white oak is limited largely 
to the major river dra inages of the south
ern part of the state. In the Minnesota 
River Valley it is known from as far west 
as Yellow Medi cine County and south
ward from Ramsey and Hennepin Coun
ties along the Mississippi. A sizeable pop
ulation of thi s oak still exists in St. Paul 
in the vicin ity of Cretin Avenue south 
of Summit Avenue. Th e special status of 
chin kap in oak was discussed earlier. 

Only thr ee members of the black oak 
group are found in the sta te. Two, red 
oak (Q. rubra L. ) , and northern pin oak 
( Q . ellipsoidalis E. J. Hill ) , known local
ly also as Hill's oak, jack oak, "scarl et 
oak," and "black oak," ar e of general 
distribution . Q. veil/tina Lamb., com
monly called black oak, is found on dry 
soils in th e southeastern corne r of the 
state as far north as Goodhue County. 
Black oak is read ily distin guished from 
the other two memb ers of the black oak 
group by yellowish hairs on the lower 
leaf surfaces and hairy buds. Th e looser 
scales of the acorn cups also distin guish 
this species. 

\ , 
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Figure 4 . Unopened cones, opened cones, and seeds: Left, black spruce; ce nte r, 
Rosendahl spruce; and right, wh ite spruce about natural size. Scale is in centimeters. 

29 



30 

Scarle t oak (Q. coccinea Muenchh.) is 
an eastern and southern ranging species 
not pr esent in Minnesota. Early refer
ences to this species in the state are 
based upon confusion with th e northern 
p in oak whi ch was not recognized as a 
sepa rate entity until Hill descri bed it in 
1899 . The two species are usually sepa r
abl e by the acorn ch ara cters; tho se of 
the northern pin oak ar e elongat e and 
striped, whil e thos e of scarl et oak are 
hemispherical, broader, and usually a 
un iformly, light reddish brown color. 
1 Jorthem pin oak is oft en alleged to lack 
the red fall colors of scarle t oak, but 
wh ile th ese colors may be somewhat 
subdued in northern pin oak , red , yellow 
and orange leaf colors are by no mean s 
lacking in the spe cies. Th e color effect 
va ries somewhat from season to season 
as it does in the mapl es, but on th e who le 
th e autumn color of our oak savannas is 
due largely to this species. 
Kentucky Coffee Tree 

The Kentucky coffee tree (G ym noc
ladus dioicus (L. ) K. Koch ) follows 
closely th e lower reaches of th e Minn e
sota and Mississippi Rivers in its distri
bution. It is a rare to uncommon tree 
found largely in th e river bott oms from 
Brown County down to Houston County. 
Curtis ( 1) states that th e distribution of 
this tree in Wiscons in is corre lated with 
form er Indi an village sites because In
dia ns used th e large seeds in a sort of 
dice gam e. A similar pattern of distribu
tion may be present in Minnesota . 

NORTHERN CONIFERS WITH� 
OUTLIEH STANDS IN SOUTHERN� 

MINNESOTA� 

Balsam Fir 
Balsam fir (Abies balsam ea (L. ) Mill . ) 

is a species of wide distribution in th e 
coniferous area of th e northeast portion 
of th e sta te. A remarkable outlier con
sists of two small groves in Fillmore 
County northwest of Wykoff. The tr ees 
are on a north-facing slope of a de ep 
ravine associated with other plants typi
cal of th e coniferous forest of th e north . 
Other small outposts of a similar nature 
have been rep orted from Winneshi ek and 
Allamakee Coun ties in northeast Iowa. 

Red Pine 
The most southe rly natural occurrence 

of red pin e ( Pinus resinosa Ait. ) in Min
nesota is a small grove of tr ees in th e 
Ceda r Creek Natural History Area of th e 
University of Minnesota near Beth el. 
Anoka County . Th e stand consists of a 
few tre es of an old age class, probably 
older th an 150 years, and a som ewh at 
larger populat ion of trees 60 to 70 years 
old . 

Jack Pine 
Jack pine ( Pinus ban ksiana Lamb. ) 

ranges th roughout th e northeastern coni
fer ar ea coming as far south as th e 
vicinity of Taylors F alls in its principal 
distribution. Scho en ike ( 6) records th ree 
southe rn outlier stands locat ed in Waba
sha, Winona, and Fillmore cou nties. 
Northern White Cedar 

Northern white ceda r (T hu;a occi
dentalis L. ) is of general distribution in 
our northern coniferous forest on moist 
sites and occasionally on rock outcro ps . 
A southern outpost exists on th e lime
stone rock of Qu een 's Bluff, Winona 
County. 

NATURAL HYBRIDS 

H ybrids resulting from the crossing of 
alli ed species ar e always of interest and 
occasiona lly result in plants of orn am ental 
or economic merit. Am ong some groups 
of tr ees such as th e oaks, hybrids occur 
with conside ra ble fr equency and many 
Latin nam es ha ve been proposed in de
descri bin g individuals int erm ed iat e be
tween th e pr esum ed parental species. 
Considerable natural hybridizatio n also 
tak es pla ce amo ng th e poplar s, and th e 
genus is also the source of numerous arti
ficial hybrids . H ybri ds often displa y a 
certain amount of hybrid vigo r wh ich is 
reflect ed in a rapid growth rat e and 
superior adaptab ilit y to certa in environ
ment al conditions. 
Rosendahl Spruce 

A singl e natural hyb rid tree of white 
spruce ( Picea glauca (Moench) Voss) 
and black spruce ( P. mariana (Mill.) 
B. S. P. ) was discovered near Cromwell 
( Carlton Co . ), Minnesota in 1955 and 
rep ort ed in 1958 (2) . A bin ary La tin 
nam e wa s not nssigne d, th e hybrid being 
d esignat ed by formula: Picea glauca X 
mariana . The cromwe ll hybrid was given 
th e va riety (cultivar ) nam e of Rosendahl 
spruce in honor of D r. Carl Otto Rosen
dahl , lat e pr ofessor emeritus, Botany De
partment, University of Minnesota , in 
recognition of his man y contributions to 
a better knowl edge of th e pl ants of Min
nesota. 

Rosendahl spruce is of spe cial botani
cal int erest since it is th e first repo rted 
hybrid between two species that have 
broad and alm ost id en tical ranges from 
Ne wfoundland and th e northeast ern 
United Stat es across Canada to Alaska. 
Subsequently a single putative natural 
hybrid wa s found in th e Tanana Valley 
of Alask a and two on Minnesot a's North 
Shore. 

Rosendahl sp ruce is readily identifi able 
if mature cones are available . The dark 
purple color of th e cones resembles black 

spruc e but th eir size and shape is inter
medi at e between white and bla ck spruce 
( figure 4 ). The gross morphological 
characteristics of th e hybrid (branching 
habit, crown form, etc. ) do not make it 
readily distinguishabl e from white spruce, 
suggesting th at the hybrid may be more 
common than is presentl y suspect ed . 
Poplar Hybrids 

Tr embling asp en (Populus tremuloides 
Mich x. ) and bigtooth asp en (P. grandi
dentata Michx.) ordinaril y flower at suf
ficiently different times, about 2 weeks 
apart, so th at hybridization does not 
readil y occur . Occasionally weather con
ditions or other environmental factors are 
favorable to crossing and hy brids are 
produced . Such tr ees are usu ally int er
medi at e in leaf characteristics. A large 
specim en of such hybrid orig in growing 
naturally in the Universit y of Min nesota 
Landscape Arboretum has bark of a light 
color, typi cal of th e tr embling aspen 
parent . 

The widely cult iva ted whit e or silver
leaf popl ar (P. alba L .), nati ve of Europe, 
is th e parent of another hybrid that is 
found with some frequency. The tr ee is 
appa rently readily pollinated by bigto oth 
aspen, and hybrid individuals ar e report 
ed from many points within th e ran ge of 
our nati ve tree. These hybrid individuals 
are handsom e trees, oft en of very rapid 
growth . Occasional hybrids of the wh ite 
poplar with trembling asp en are also 
reported . 
Birch Hybrids 

Two hybrid bi rch es are kno wn to oc
cur in th e sta te. Wherever yellow bir ch 
(Betula allegheni ensis Britt. ) , or paper 
birch (B . papyri/era Marsh .) com e with
in close pro ximity to bog birch (B . pumila 
var. glandulifera Regel), hybrids are like
ly to occur. Th e hybrid bet ween vellow 
bir ch and bog birch has been d e s~rib ed 
under th e nam e of Purpus bir ch (B . X 
purpusii Schneid. ) whil e that involving 
pap er birch is known as Sandberg bir ch 
(B. X santlergii Britton ). Both specific 
nam es of the hybrids commemorate their 
discoverers , ] . A. Purpus and ] . H . Sand
berg. The hybrids are large shrubby 
pl an ts, thos e involving yellow bir ch par
entage have a mark ed wintergreen odor 
i.n th e leaves and twi gs, and unstalkecl 
fruitin g ca tkins. Sandberg bir ch lacks the 
wintergreen odor and its fruits are 
stalked. 
Oak Hybrids 

Among th e oaks in th e vicinity of 
Cretin Avenue in St. Paul, are some trees 
th at appe ar to be hybrids between 
swamp white oak and bur oak. Th e trees 
ar e mor e or less intermedi at e between 
th e parental species in both leaf form 
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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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