


Director Sauer Looks Forward:
 
A New Century for the Station
 

EDITOR'S NOTE: In 1985 the Minne
sota Agricultural Experiment Station 
will celebrate its 100th anniversary. 
On the brink of that event, Richard J. 
Sauer, Director and Deputy Vice Pres
ident of the Institute of Agriculture, 
Forestry, and Home Economics, looks 
at the enormous changes that have 
taken place in Minnesota agriculture 
since the experiment station was estab
lished by the state legislature in 1885, 
and at what faces us in the future. 

To get perspective, Sauer says, we 
need to reflect back not 100,but 200 
years. " If a farmer of 1784had gone to 
sleep and awakened in 1884, he would 
have been only mildly surprised to 
find draft horses in the field instead 
of oxen.The reaper would have been 
new to him, but almost everything else 
would have been familiar. 

"If a farmer of 1884, however, were 
to awaken today, he'd probably go 
into shock. Nearly everything-from 
seeds, plants, livestock , and equi p
ment to the way the farmer sees 
himself and the way everybody else 
in society sees the farmer-has 
changed:' he says. 

Sauer believes that the experiment 
stations across the country have had a 
lot to do with creating these changes. 
And he sees that these changes have 
been of major benefit to the consumer. 
''Although people may perceive us as 
mainly serving the farmer, I think the 
major beneficiary (of our research) has 
been the consumer. There is no other 
country that compares right now in 
having such a high quality and whole
some food supply to be bought with 
such a small percentage of a per
son's income" 

One hundred years ago 44 percent 
of our population lived on farms. Now, 
5 percent does. There were 30 million 
mules and horses back then, outnum
bering by 8 mill ion the entire human 
population. Tractors were virtually 
unheard of. "Improving your produc
tion essentially meant plowing more 
acres. A good corn crop was about 26 
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bushels an acre. And a good wheat 
crop was 10 to 12 bushels per acre;' 
Sauer points out. "Who could have 
foreseen the tremendous changes 
100 years would bring?" 

Today research in agriculture is 
experiencing some criticism and 
scrutiny brought about by its very 
success. "There are people who say 
that with our food surpluses we don't 
need to continue research . That we 
know how to produce food-we just 
need to know how to market it." But 
there's an issue of food security
being competitive in the world market, 
Sauer believes. "We've lost some of 
that competitiveness in the auto 
industry, in textiles, in other areas. 
Agriculture is the one area where we 
still have it. But will we continue to 
have it without continued investment 
in research? " 

Future Research Technology 
Will Be Complicated 

One criticism of agricultural 
research that Sauer accepts is 
criticism about the past optimism 
among researchers that all research 
results would be positive. "We 
assumed that if we made a change, 
there would be no negatives-for 
example, no negatives from using a 
chemical or a fertilizer:' he says. But 
no longer. "We have to examine the 
potential negatives as well as the 
positives of change. Society will no 
longer allow us to do anything bur' 

As a result, research in the next 
century will be a more complicated 
task than it was during the station's 
first century. "In one sense we've 
solved the easy research problems. 
Now we need to talk about both the 
research to maintain current produc
tion and the research needed to 
develop new breakthroughs" 

The researcher's role is changing 
as well, Sauer believes. In the future 
there will be much more interdisci
plinary research, and " much more 
interaction with all of our clientele" 

" I think that we will need to playa 
more forceful role in examining major 

Richard J. Sauer 

policy issues that face agriculture. Not 
that we should be policymakers. But 
we need to make our scientific and 
technical talents available to those 
who are:' 

New research thrusts will be neces
sary, Sauer believes, because of the 
growing internationalism of the world 
economy. ''A hundred years ago our 
country was focused almost totally 
inward. Our only interest internation
ally was our concern about not being 
self-sufficient and having to import 
food because we couldn't produce 
enough. Now, developing countries 
need our food and we need oil, alumi
num, tin , and other products from 
them :' With increased international
ism, Sauer believes that "our econom y 
is going to face some enormous jogs 
and adjustments. We need to do a 
better job of understanding that chang
ing world in order to know how to 
deal with it. That's the kind of research 
we didn't have to think about in our 
first century" 

Major Breakthroughs Still to Come 

Sauer predicts that some major 
breakthroughs in productivity are still 
to come. "But I think much of our pro
ductivity research will concentrate not 
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only on improving yield, but also on 
reducing the costs of producing the 
same yield. In other words, some of 
the genetic engineering research on 
plant varieties may not produce one 
that yields more, but might produce a 
plant variety that has more nutritional 
quality, increased tolerance to environ
mental extremes, or increased resis
tance to disease. So the farmer's 
costs would be less, his profit margin 
greater, and yet the final cost to the 
consumer would not increase" 

Some breakthroughs that Sauer 
sees as possible in the next cen
tury include: 

• new plant varieties that would 
grow on soils not now fit for produc
ing crops; for example, those with 
high salt or high aluminum content. 
• annual alfalfa that might be 
planted in spring, harvested two or 
three times in the summer, plowed 
down in the fall, and then serve as 
most of the fertilizer needed for corn 
the following year. 

• ewes that can be bred out of 
season, producing three lamb crops 
a year. 

• dairy cows that, once they 
freshen, could be maintained at 
peak lactation for the rest of their 
productive life. 
These are research projects under 

way right now that might significantly 
change agricultural technology by the 
year 2000. 

Sauer is acutely aware that any 
future progress depends on support, 
both public and private. "I believe we 
have a high quality faculty and staff;' 
he says. "But the combined shrinking 
of state and federal budgets over the 
last half dozen years has eroded much 
of our flexibility. We don't need to add 
facu lty, but we need to add the funds to 
support the researchers we have so we 

n take the initiative in research prob
.erns in a timely, proactive way. Secur
ing the resources to fulfill our mission 
as we enter our second century is 
going to be critically important" 

-Jennifer Obst 

Kids don't account for half the population, 
but they account for half the set fires. 
Research sheds some light on why they 
set them. 
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Fire-Setting Among theYoung:
 
Normal Curiosityor Criminal Behavior?
 

THE GANG IS HANGING AROUND 
after school. Restless, looking for 
adventure, they start a fire in a gar
bage bin behind a building. The blaze 
is gratifyingly dramatic. 

This scenario creates worried 
parents and anxious community offi
cials. But should it cause panic? When 
is fire play normal youthful curiosity 
and risk-taking behavior, and when is 
it a sign of a criminal or pathological 
personality? How do you tell the dif
ference? And how do you deal with 
each case? 

These are questions that Center 
for Youth Development researcher 
Michael Baizerman has been studying 
as one part of continuing experiment 
station research on youth issues. His 
research has been enriched by a coop
erative relationship with the coordina
tor of fire prevention education for the 
Fire Department of Minneapolis, Beth 
Emshoff. Together they have rewritten 
a federal handbook for dealing with 
fire-setting among young adolescents 
and older children .Their expertise is 
being sought by concerned people 
across the country who are trying to 
deal with fire-setting problems in their 
communities. 

As Emshoff points out, "There 
haven't been many programs devel
oped to deal with fire-setters, nor any 
education for parents, mental health 
people, or day care providers :' 

In fact, the researchers found little 
understanding of the whole phenome
non, although increasing attention has 
been focused on the issue. Youth and 
adolescent fire-setting can be danger
ous and expensive. In the United 
States about one-fourth of the total 
dollar loss from fires is a result of fires 
that are started deliberately. Such fires 
cost more than $1.5 billion per year in 
property losses. And youth-started 
fires represent an unusually high 
proportion of set fires. "For example;' 
Emshoff says, "if there are 100 fires a 
year in Minneapolis, 50 of them will be 
set, and 25 of those will be set by 
children. Kids don't acco unt for half 
the population, but they account for 
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Today's children have little experience with fire in their everyday lives. Setting a fire can be a 
source of power - a symbol of risk-taking adventure - that kids have access to. 

half the set fires:' to discuss the issues. Minneapolis 
Mayor Don Fraser officially charged 

Set Fires a Costl y Pheno menon this group as the Mayor's Task Force 
on Fire-Setting in January 1983. The 1982 Donaldsons department 

store fire in Minneapolis was one Youth and adolescent fire-setting 
example of the damage potential of is a rural as well as an urban problem 
adolescent fire abuse. Damage esti In fact , fires are likely to cause more 
mates for that fire exceeded $100 damage in rural areas because of the 
million.The incident touched off an longer distances involved and because 
epidemic of set fires that raised com of the dependence on volunteer fire 
munity concern and led Baizerman, fighters, the researchers say. 
Emshoff, and others to meet informally To attempt to understand the prob
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The 1982 Thanksgiving Day fire set in 
Donaldsons department store was the 
costliest office high-rise fire in U.S. history. 

lem, the researchers decided to take 
the broadest perspective. They began 
with a literature search for all refer
ences to fire and to fire-setting and 
youth .They studied reports of research 
in sociology, youth studies, and forest
ry.They examined biblical images of 
fire and studied references in the 
humanities, anthropology, psychiatry, 
medicine, and criminology. 

"A lot of people had been studying 
fire and how its misuse relates to path
ology:' Baizerman explains . "We 
began to think about what's nor~al 
about fire. That led us to wondering 
whether anyone had done a normal 
developmental psychology of fire inter
est. Very little had been done. 

"Meanwhile, because of Beth's 
occupation, we had opportunities to 
go out and visit with kids and families 
that had had a fire-setting experience. 

1ecould test in the real world what 
we were beginning to learn about the 
phenomenon:' 

Fire Can Be A Powerful Symbol 

"What scares me and Michael ;' 

Emshoff notes, "is that using clinical 
psychological jargon may label chil
dren or young adults as criminal or 
troubled, when that might not be the 
case. Fire-setting is in some instances 
normal, and in some cases not normal. 
People who are working with children 
and youth need to be aware of fire as 
an event, as a symbol of risk-taking 
adventure for kids:' Fire is a powerful 
symbol and a source of power kids can 
get to, Emshoff explains. 

Because children have an undevel
oped ability to understand the conse
quences of actions, fire can quickly 
get out of hand. Also, chil~ren tod~y 
have little context for the fire experi
ence. Fire is no longer an ordinary part 
of our everyday lives as it was even a 
generation ago. As Emshoff points 
out, "When I was growing up I could 
watch my father burning trash. I had 
experiences around fire and I knew 
there were clear rules:' With radiator 
heat and electric stoves, fire and heat 
are almost invisible today, especially 
in the city. 

During their research , Baizerman 
and Emshoff became aware of the 
simple fact that fire itself was being 
ignored by other researchers. "It's ~ur
prising at first, when you start reading 
the literature of fire-setting, that nobody 
spends any time talking about fire.They 
see fire as a symptom. We wanted to 
spend some time understanding the 
place of fire in the fire event;' 
Baizerman says. 

The questions the researchers 
asked about any specific fire-setting 
event were why now and why fire. 

"I can usually find out the answer 
to the why now pretty easily;' Emshoff 
says. For example, she recently coun
seled a woman who wanted to get her 
children into a treatment program to 
deal with fire-setting behavior because 
they had been starting fires in the 
house. Questioning, however, revealed 
that the mother had recently been 
away from the home a lot and the chil
dren were using the fires to express 
their frustration and feelings of aban

donment. The fire-setting was a 
specific response. 

Why Some Youths Choose 
Fire-Setting 

The answer to why fire has been 
more problematic. Why do some 
youths choose this particular method 
of expressing their risk-taking needs, 
their frustrations, their anger? 

Baizerman thinks they may have 
found a clue. "Some of the answer 
may reside in familial experience. 
When evaluating a fire-setting event, 
we now ask whether any family mem
bers in the present generation or past 
generation had any experienc.e with 
fire in an unusual way so that It has 
become part of the family story. Have 
people in the family in some way been 
involved in the disciplines of fire, such 
as fire fighting? Has there been any 
physical abuse with fire or heat? The 
whole literature of child abuse sug
gests that a good percentage of it is 
heat or fire related:' 

What do the researchers hope to 
accomplish by tracking these kinds of 
connections? "Ideally, we'll gain some 
understanding of the multiple ways dif
ferent kinds of kids get involved in fire. 
We'll have a more accurate sense of 
when fire is normal , when fire interest 
or fire play is normal, and when it is 
something the community has to be 
concerned about. 

"We'll also have a better sense of 
what services should be available to 
kids whose interest in fire and fire
setting is inappropriate by the norms 
of the community. And we'll have an 
appreciation of how fire and heat are 
linked in some situations to severe 
pathology:' Baizerman says. 

Emshoff adds, "We don't want to 
see an agency dedicated to this prob
lem in every city in America. What we 
want is parents and the people who 
already work with children and youth 
to be sensitive to the issues .We want 
parents and others to know what to 
do before and after a fire-setting 
incident occurs:' 

- Jennifer Obst 
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HIGH NITROGEN-FIXING ALFALFA 
VARIETY MAY SOON BE REALITY 

Nitrogen is the major limiting nutr ient 
for corn, small grains , and 200 million 
acres of grasslands in humid areas of 
the United States. Mechanized appl i
cation of manufactured nitrogen fer
tilizer is always costly, and for many 
areas of the world such application 
is not feasible. To reduce production 
costs and improve production effi
ciency, alternate nitroge n sou rces for 
crops are needed . 

Since 1976, University of Minnesota 
and USDA-ARSresearchers have 
been trying to solve this problem by 
improving the nitrogen-fixing ability of 
alfalfa. Don Barnes, plant breeder for 
the project, calls the Minnesota effort 
the most comprehensive nitrogen fixa
tion research program on a crop plant 
that he's aware of in the world. 

'Alfalfa properly nodu lated by 
Rhizobium bacteria obta ins nitrogen 
both from the soil and from the air :' 
says Barnes. "Our goal is to develop 
improved plant strains that will obtain 
a greater proport ion of their nitrogen 
needs from the air" With proper man
agement, the nitrogen removed from 
the air (fixed) by alfalfa will be a free 
input of this essential nutrient into 
the cropping system. 

Nitrogen fixed by alfalfa might be 
used in increased forag e production. 
Fixed nitrogen also could be returned 
to the soil to nourish grasses or subse
quent grain crops. In the latter case, 
the alfalfa nitrogen would substitute for 
costly manufactured nitrogen fertili zer. 
If successfu l, improved pastures , 
better soil tilth , reduced costs for 
livestock feeds, and reduced fertilizer 
applications might result. Reduc ed 
energy needs (for makin g nitrogen fer
tilizers) and reduced nitrates in water 
are other potential benefits. Annual 
savings could be in the hundreds of 
millions of dollars in the United States. 

Because of the complexity of the 
problems, the research team consists 
of scientists with complementary spe
cialties. Carroll Vance specializes in 
plant biochem istry and physiology, 
Gary Heichel is the crop physiology 
specialist,William Ellis works in soil 
microbiology, and Craig Sheaffer tests 
the new plant selection s in field crop 
management studies. One of their 
recent efforts has been to develop a 
new alfalfa for management as an 
annual (one-year production) in corn
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alfalfa rotations. 
The shoot (leaf and stem) of the 

plant is highest in nitrogen concentra
tion.When the alfalfa crop is harvested, 
most of the nitrogen is removed with 
the shoots. Improvement of the root 
nitrogen storage capacity as a com
plement to increasing nitrogen fixation 
capabil ity is expected to provide larger 
nitrogen inputs into the rotational 
cropp ing systems. 

Researchers must divide, dry, and weigh the 
separate parts of alfalfa plants to determine 
their nitrogen content. Here fibrous roots 
are removed from the taproot. 

"Our research has established that 
it is possible to select plants that have 
a greater nitrogen content in the root 
and that have slightly increased nitro
gen fixation :' says Barnes. 

'Alfalfa with improved nitrogen 
storage and fixation characteristics 
that can be utilized in production 
agriculture may be close to realiza
tion. Results of the 1984 trials will 
indicate the feasibil ity of developing 
a nondormant variety with high root 
nitrogen storage for use in one-year 
rotation s of alfalfa with corn:' 

-Rich Sherman 

FAMILY BUSINESS MEMBERS FACE 
STRESSES OF TOGETHERNESS 

About 90 percent of American 
busine sses are famil y owned and 
operated, according to Paul Rosen
blatt, family social science researcher 
at the University of Minnesota. But the 
fact that members of family businesses 
have blood ties as well as interlocking 
careers may actually make life more 

difficult both on and off the job. 
In a study of 59 family-operated 

businesses in theTwinCities, Rosenblatt 
and his colleagues Leni de Mik , 
Roxanne Anderson , and Patricia 
Johnson found many of the same ten
sions they had noted in earlier stud ies 
of farm families. In both situations, the 
distinctions between work life and 
home life became blurred. Constant 
contact with family members can lead 
to friction and even family breakups. 

Rosenblatt says all types of busi
nesses stress their employees at 
times, but family businesses may 
be among the most stressful , " Many 
people romanticize going into busi
ness for themselves or establishing 
a family business. But many such 
businesses fail and others often 
make barely enough to maintain 
themselves" 

Besides financial risk, there is 
relationship risk , Rosenblatt adds. 
" Entering a nonfamily business 
usually guarantees time apart and 
emot ional distance from family mem
bers, and th is can be essential " 

Although Rosenblatt's study 
participants may not have an abnor 
mally high level of divorce or children 
breaking ties with parents, a number 
of those interviewed were resentful of 

Science Notes/con tinued on page 15 

Richard and Margaret Pogin , owners of a 
Minneapolis financial management firm and 
the parents of three children, have had to 
learn to separate their business and 
personal lives. 
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Experiment station researcher Jeffry Apland has developed a computer program that will help feedlot operators decide how much and what 
kinds of feed to use. 

Helping Farmer-Feeders Reduce 
Economic Risk
 
BEEF HAS LONG BEEN a good buy. 
In 1955,American consumers spent 
about 2.7 percent of the ir disposable 
income for the 82 pounds of beef they 
ate that year. And although per capita 
beef consumption had risen to 106 
pounds by 1980, it cost consumers 
even less-2.3 percent- of their dis
posable income on the average. 

Things haven't been quite as rosy 
for the people who produce beef. Most 
Minnesota farmers who have fed cattle 
over the past 10 years have lost money 
in the process. Unlike large custom 
feeders, they haven't been able to 
spread the risk inherent in cattle feed
ing; they've had to assume all of it. 

There's been plenty of risk: unpre
dictable (and usually increasing) 
feed, interest, and other costs. Add to 
that consumer resistance to paying 
more for beef, and you've got a situa
tio n in which farmer-feeders have had 
to increase their production and mar
.eting efficiencies to survive. Many 

haven't been able to meet the chal
lenge; since the mid-sixties the 
number of Minnesota feedlots has 
d ropped from more than 21,000 to 
fewer than 10,000. 

One of the main goals of the Agri
cultural Experiment Station is to find 
ways to help farmers , including those 
who feed cattle , survive and thrive 
economically. Production economist 
Jeffrey Apland is a station scientist 
who has been studying risk , economic 
behav ior, and decisionmaking within 
the production-marketing interface on 
Minnesota farms. 

"I 've been developing computer
driven mathemati cal programming 
models that help determine optimal 
(maximum profit-least cost) feeding 
strategies within the context of the 
entire farming enterprise;' he says. 
"To develop models that are able to 
accurately simulate various produc
tion alternatives, I've been working 
with other station scientists-soil and 
animal scientists and agricultural engi
neers-as well as extension farm 
management specialists" 

Apland first developed a model that 
could be used to determine the opti
mal production strategies for grain 
farms .The computer routines he uses 
with this model are flex ible enough to 
allow him to study dynamic aspects of 
integrated livestock-crop farms also. 

One thing he's especially interested in 
is the implications of interest rate fluc
tuations on optimal cattle feeding and 
marketing strategies. Interest, Apland 
points out , is a major expense for 
cattle feeders, exceeded only by the 
costs incurred by buying feeder calves 
and feed. 

Model Determines Minimum 
Cost Rations 

Apland has been working with 
animal scientist Richard Goodrich to 
develop a model that determines the 
minimum cost rations for producing 
a given total gain over a specified 
period of time. 

Says Apland , "In this model , we're 
trying to minimize feed costs subject to 
a set of constraints that embody the 
available technology. In this case, it's 
the biological technology having to do 
with the way energy, protein, minera ls, 
and vitamins in feedstuffs are con
verted by an animal into beef. The 
model is dynamic in the sense that it 
takes into account the changes in nutri
ent requirements as an animal qrows" 

Apland is adapting, with Goodrich's 
help, nonlinear equations from the 
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1984 edition of NutrientRequirements 
of BeefCattle. Goodrich is very familiar 
with the publication; he was a mem
ber of the National Research Council 
(NRC) subcommittee that prepared it. 

"This publication is a compilation of 
information relating to the minimum 
nutrient requirements of beef cattle;' 
Goodrich says. "For it, we drew on 
the research that's been conducted 
by land-grant university experiment 
stations throughout the United States, 
and-as best we could-from foreign 
research as well. This is the standard 
by which beef cattle are fed. It's 
widely used by researchers, exten
sion personnel, producers, and 
feed manufacturers:' 

Minnesota Research 
a Major Cont ribut ion 

Research conducted by Goodrich 
and other University of Minnesota 
animal scientists on the St. Paul 
campus and at the branch experiment 
stations at Crookston, Grand Rapids, 
Morris, Rosemount , and Waseca has 
contributed to the body of knowledge 
reported in the NRC publlcation. Says 
Goodrich, " In our studies we look at 
the impact of the things we change-
whether it's a dietary component or a 
housing system-on animal perform
ance and the cost of producing gain . 
Our goal is to find systems that maxi
mize profits for cattle feeders:' 

The areas in which University of 
Minnesota research has made the 
greatest contribution, according to 
Goodrich , are in evaluating beef 
housing systems and in finding the 
best ways to use nonprotein nitrogen 
(urea) and corn silage in feedlot 
rations. 

"I n general;' he says, "our research 
on housing showed that a modified 
environment doesn't have much 
impact on animal performance in cold 
weather, particularly with the beef 
breeds. Many of the things necessary 
in a housing system are for operator 
convenience, pollution control, or 
manure management. But the bottom 
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American shoppers have come to expect reasonably priced beef. They consume more of 
it now than ever before. Apland 's computer program will give beef producers a chance to 
minimize expenses and stili satisfy the consumer with high quality beef. 

line is that feeders should keep their 
investment in housing to a minimum 
for maximum profits:' 

"The second area where we've 
made a major contribution is in docu
menting the value of urea in feedlot 
rations and in developing feeding rec
ommendations that greatly improve 
urea utilization. It's fashionable to 
recommend special protein sources 
that aren't degraded into ammonia in 
the rumen as is urea, but our data con
sistently show that the cheapest gains 
are to be had from incorporating urea 
in feedlot rations, whether they be 
for dairy calves fed for beef or for 
beef cattle:' 

The third major contribution has 
been research with corn silage , a 
feedstuff available to most Minnesota 
farmer-feeders. Minnesota research
ers studied corn silage feeding pro
grams and determined that it's most 
efficient to feed a high-silage ration 
early in the feeding period and a high
grain ration later. Other aspects they 
have investigated are the optimal 
maturity for harvesting corn grain and 
silage preservation. 

Model Tells User What to Feed 

"The NRC recommendations are 
our best estimate of the nutrients 
actually required by an animal :' 
Goodrich says. " It hasn't been a 
simple procedure to use the recom
mendations in a model because the 
factors that comprise the equations 
for the recommendations-protein 
requirements, animal weight, rate of 
gain, composition of gain (proportion 
of lean to fat), and feed intake-are all 
interrelated: ' 

Complicated as the process has 
been, Apland has succeeded in adapt
ing the equations to his model. The 
user of the model indicates the start
ing weight and desired final weight of 
the animal , the length of the feeding 
period, and what feedstuffs are avail
able, their cost, and any limitations on 
their quantity. The model then tells the 
user the kinds and amounts of feed
stuffs that should be fed throughout 
the stages of the feeding process to 
minimize feed cost. It also allocates , in 
the most efficient manner, any feed 
that's in fixed supply among the 
various stages of growth. 

Apland says it 's possible that the 
model will be adapted to more " user 
friendly " form that can be used by 
feeders. But for now, he's using it to 
study the effects interest rates have 
on feeding strategies. 

He says, "The production process 
for cattle is long. Interest on money 
invested in feeder calves and feed 
increases with the length of the feed
ing period. In some instances, it may 
be economically advantageous to 
speed up the process by feed ing an 
animal out more quickly with a more 
expensive ration that has a higher 
percentage of grain:' 

Although the research is not yet 
complete, what is beginning to evolve 
is a better understanding of how Min
nesota farmer-feeders can manage 
more effectively in the face of widely 
fluctuating interest rates. For those 
10,000Minnesotans, it's a matter of 
economic survival. For all Minneso
tans, it's a matter of a stronger, more 
stable state economy. 

-Sam Brungardt 
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A Century ofChange: The Minnesota Agricultural Experiment Station 

The Minnesota Agricultural Expe riment Station is its 
ow n longest running research project .The station, established 
by the Minnesota legislature in 1885 , has evolved with the 
changing times and circumstances of the state and its citizens. 
In its 100 years, the station has expanded , subdiv ide d, over
come obstacles, and changed the emphasis of its research as 
need dictated. 

The station, although refer red to as a single entity, 
actually is composed of mu ltiple research facilities. Some 
of these are permanent; some are set up on ly for the dura
tion of a single study. In addition, many farmers and other 
Minnesotans cooperate w ith the station in its research. Con 
sequently, the station exists wherever its research is being 
con ducted , whether that be on a farm , in an agribusiness, 
in a forest , in a suburban home, or in an outd oor recreation 
area. The entire state is, in effect , one enormous research 
laboratory. 

The station's adminis trative headquarters are on the 
University of Minnesota's St. Paul campus. Many, bu t by no 
means all, of the statio n's full-time employees are based 
there. Among the 700 employees that the station funds are 
170 full-time equivalent faculty positions filled by more 
than 300 researchers w ith the rank of assistant professor 
or above. 

Change and Growth Came Early 
Although research in the early years centered 

almost exclusively on agriculture, the station gradually has 
extended its research mission to include veterinary medi
cine, forestry, ho me economics, social science, recreation 
and tourism, and environmental studies . Currently, station 
scientists are wor king on more than 370 research projects. 

The station quickly outgrew the confines of the Uni
versity Farm, as the St . Paul camp us was called in its early 
years. It became evident that one central facility could not 
serve the needs of people living in the different areas of this 
large and diverse state. 

The first branch station was established at Crookston 

'. .1 

(in northwestern Minnesota) in 1895, followed by the Grand 
Rapids station in 1896. Today there also are branch stations 
at Waseca, Morris, and Lamberton, plus a research facility 
at Rosemo unt that functions as a satellite of the St . Paul 
campus. A branch statio n was established at Duluth in 1912, 
but it was later closed . In addition , several other facilities, 
including the Hort icultural Research Center and the Land
scape Arboretum, both near Chaska, the Sand Plain Experi
mental Farm near Becker, and the Cloquet Forestry Center, 
are used extensively by station scient ists. 

The state legislature provides approximately 62 
pe rcent of the station's research funds and the federal gov
ernm ent contributes about 13 percent. Income from the 
sale of the station's an imal and crop research byproducts 
provides an additional 7 percent of the funding, and the 
remaining 18 percent comes from gifts and grants . 

Research Responds to Changing Needs 
Some kinds of research are nearly as old as the sta

tion. For generations, station p lant breeders have wo rked to 
develop new varieties of crops such as wheat , barley, corn, 
and oats. One researcher may spend a decade or more cross
breeding, testing, and consulting w ith farmers and industry 
representatives before a variety is ready for release to farmers. 
Research methods may have changed, new tools may have 
made the research more streamlined, compu ters may pro vide 
a larger body of stored knowledge, and wi nter labs in friend
lier climates may mean an addit ional grow ing season to 
speed the develop ment process, but the basic task of plant 
breeding remains essent ially unchanged . 

In disciplines such as forestry and ho me economics, 
however, the aims have changed immensely through 
the years. 

Forest researchers have had to adjust to changes in 
tree population, technology, and public policy and atti
tudes. Lumbering was in its heyday in the early days of the 
station, an d no thought was given to forest manageme nt or 
whole-tree and whole-forest utilization. Not until the great 



w hite and red pines of the North Woods became a scarce 
co mmodity did the public become interested in conser
vatio n and the efficient ut ilization of the state's forest 
resou rces. Forest product research developed as the need 
to expand and make the best use of technology became 
evident. Today, forestry research seeks to integra te manage
ment , utilization, and co nservation into an economically 
and ecologically sou nd package. 

Home economics has responded to the ch anging 
need s of the famil y over the years. Predictably, early 
research in home economics centered on food, nutrition, 
an d fabrics. But home eco nomics research eventually broad
ened to incl ude family interrelationsh ips, design, home 
safety, and some celebrated studies of Minnesota youth. 

Somet imes a new discovery triggers a spate of stud ies. 
For example, the introduction of chemical pesticides after 
World War II no t only greatly increased yields, but also 
created the need for studies on the effects of p esticides, 
the best me th ods and rates of application , and ot her 
related top ics. 

A thorny prob lem sometimes occup ies a researcher 
for years. The station is well kn own for its ou tstanding 
research on nitrogen fixat ion in alfalfa. The results of this 
work eventually should lessen the need for applying nitro
gen ferti lizers, w hich wou ld mean a trem endous savin gs 
for corn producers. 

Occasionally, a station scient ist runs up against people 
w ho object to his research . Wh en a station animal scient ist 
began crossbreeding swine in the mid-1930s, there was a 
public movement to have his research stopped . Today, cross
bred hogs are the norm and the controversy, which was 
fierce at the time, seems rem ote. 

Some researchers have changed the face of agriculture 
and other industries in the state. One such perso n is recently 
retired soybean breeder Jean Lambert . When he began his 
development work for the station , soybeans were an almost 
unknow n crop in Minne sota. With the assistance of other 

scientists, Lambert developed ma ny varieties of soybeans 
that were adapted to th e differe nt soils , pests, and growing 
seasons of the state. Today- thanks largely to his work
soy beans are sec ond only to co rn in value among Minnes ota 
farm crops. In 1938, there were no m ore than 5,000 acres of 
soybeans grown in Minnesota; by 1983, that figure had 
reached 5 million acres. 

Future Holds Promise of Further Change 
Although th ere has been cooperat ion among 

the researchers from different disciplines th roughout the 
stat ion's history, today's interdisciplinary efforts are more 
formal and, because of the increasing complexity of the 
subjects an d th e accompanying technology, more impor
tant . A case in point is the effort to improve economically 
imp ortant crops such as co rn by using genetic engineering 
techniques. This work, along with genetic engineering 
research in other fields, was made possible by the unravel
ing of the genet ic code co ntained in DNA by two Brit ish 
scientists in the 1950s. Today, the station's genetic engineer
ing research involves scient ists from the Dep ar tments of 
Agronomy and Plant Genetics, Biochemistry, Genetics an d 
Cell Biology, Horticulture, Animal Science, and Food 
Scien ce and Nutrition. 

In many areas, the changing way of life has signaled a 
change in the di rectio n of research. Agricultural an d applied 
economist s have increasingly had to deal wi th the individ
ual farmer 's growing ties to world markets. Rural life has 
changed forever, and the station co nt inues to help farmers 
find ways to adjust to those changes. 

If rural life has ch anged, so too has the station's view 
of and involvement w ith the world beyond Minnesota's 
borders. Sometimes the world comes to the stat ion in the 
form of graduate students or scient ists from other co untries; 
so metimes station researchers go out into the world. Either 
way, the exchange of know ledge, ideas , an d problem
solving methods has benefited all. 

Opposite p age, lef t: Spraying apple trees a t the Fruit Breed ing 
Farm in the early 1900s. Oppositepage, right: 1. M. Winters 
with a Minnesota #1 barrow. While Winters did his sw ine breed
ing research in the 1930s, some Minnesotans were dema nding 
that the crossbreed ing of hogs be stopped an d tha t Winters be 
f ired. This p age: W B. Com bs began research on blue cheese in 
Minnesota a bout 1933. Here S. T. Coulter exam ines cheese 
aging in the caves along the Mississipp i River. 



TheMarchof Time: Notable Events in Station History 

Selected eventsf rom the too-year history of the 
Minnesota Agricultu ral Exp eriment Statio n are outlined 
below. This listing is meant to be rep resentative, not 
comprehensive. Unmentionedpersons, events, and 
f indings should not be deemed secondary to those that are 
mentioned. 

1885- - - - - - - - 
The Minnesota legislature establishes the Minnesota 

Agricultural Experiment Station . Edward D. Porter, a profes
sor of agriculture, is named its first director. 

1881---------
Congress passes the Hatch Act , establishing agricul

tural experiment stations at land-grant institu tions in all the 
states and providing funds toward thei r support. 

1888---------
The station hires its first staff members. They include 

Willet M. Hays, an assistant in agriculture; Sam uel B. Green, 
a horticulturist ; Otto Lugger, an entomologist; and David N. 
Harper, a chemist . Hays and Green were to play imp ortant 
roles in the history of the station. 

The station issues its first quarterly bulleti n , which
 
included articles on Russian apples, wheat experiments,
 
and potato culture.
 

1889----------

A creamery is established in Mcleod County; it later 

claims to be the first cooperative creamery in Minnesota. 
This claim still is disputed by th e Clark 's Grove Co-op 
Creamery in Freeborn County, which was formed in 1890. 

1891.---------
Andrew Boss begins his career with the experiment 

station. Boss, who along with Hays is considered the father 
of several School of Agriculture departments, started as 
what would now be called a technician and en ded as assis
tant director of the station. He attended the School of 
Agriculture for two years but never did get a college degree, 
although he was awarded many honorary degrees. His 
brother was William Boss, who headed the Department 
of Agricultural Engineering. When Andrew Boss d ied in 
1947, he was eulogized as "Minnesota's grand old man 
of agriculture:' 

1893---------

Hays sends Boss to buy two bushels of yellow corn 

from a Minneapolis seed company. This corn , called Minne
sota #13, was a superior ope n-polli nated variety. Boss and 
Hays improved its yield by selection, and for decades #13 
was one of the most widely grown varieti es in the area . 

Some said that #13 moved the Corn Belt no rth 200 miles. 
Certainly it was one of the factors that turned Minnesota 
from a wheat-dominant into a corn-dominant state. Th is 
variety strayed far from Minnesota; agronomist H. K. Hayes 
found a strain of #13 in Chile in 1941. 

1895--- -----
At the behest and with the financial assistance of 

empire builder James J. Hill, the Northwest Experiment 
Station is established at Crookston. Th e first superintendent , 
T.A. Hoverstad, makes the trip up by train w ith a wagon, a 
team of horses, several cows , and some pieces of machinery, 
including a plow and a harrow. A few temporary bu ildings 
already were in place. 

1896-- - -----
The North Central Experiment Station is established 

at Grand Rapids. 

189'-- - -----

The first central heating and electric light plants are 

installed on the St. Paul campus. 

1899--- -----
Lumbering peaks in Minnesota. The record 2.5 billion 

board feet harvest of timber taken out of th e North Woods 
this year was never equaled. 

1900-- - ------

Theophilus L. Haecker, a dairy researcher, writes 

Experiment Station Bulletin 67, a pocket-size manual of 
feeding standards for dairy cows. These "Haecker Stan
dards" were the first attempt to establish scientifically based 
feeding standards in the United States. Haecker's research 
stood for decades. Trained as a buttermaker, Haecker also 
is regarded as the father of the creamery movement 
in Minnesota. 

Hays and Boss arrange fo r experimental trials on 
alfalfa brought to this country in an immigrant trunk by 
Wendelin Grimm in 1857. Grimm, who sett led in Chaska, 
stubbornly selected winter-hardy plants year after year until 
he had enough to keep himself and his neighbors supplied 
with this Ewiger Klee (everlasting clove r). Grimm died in 
1895, but his des cendants lived to see Grimm alfalfa become 
the leading variety, a distinction it held until the 1940s . 

1901--- ------
A slaughterhouse (constructed for $7,500) is built on 

campus to help relate carcass traits to live animal traits. This 
p ioneering research in meat lab work was headed by Andrew 
Boss, to whom the present Andrew Boss Labo ratory of Meat 
Science is dedicated . Boss was one of the first persons in 
the country to conduct such research . 



1902--------

Boss and Hays begin farm management accounting 

rou tes in the Northfield , Marshall, and Halstad areas. 

1903---------

The School of Forest ry is established at the University 

of Minnesota. 

1906--------
The first formal publication of farm management data, 

"Cost of Prod ucing Farm Products ;' is issued .The Minnesota 
station was the first place in the country to collect and quan
tify such information from farms on a daily basis. 

190' - - - - - - - - - 
The Fruit Breeding Farm (now called the Horticultural 

Research Center) is established at Excelsior. Charles Haralson, 
w ho gave his name to one of the best apples ever to come 
out of the experiment station, was appointed director. 

A field station for the School of Forestry is established 
in Itasca State Park. 

1909--------
The Cloquet Forest Research Center is established on 

land donated to the University by the Weyerhaeuser family. 

Research on wood preserva tion begins. Minnesota 
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researchers soon developed a national reputation for success 
in preserving fence posts and railroad ties. 

E. C. Stakman begins a long and illustrious career 
as a plant pathologist conducting research for the experi
ment station. 

1910---------
The West Central Experiment Station and School of 

Agriculture is established at Morris. 

1912- - - - - - - - - -

The Southern Experiment Station is established 

at Waseca . 

The Northeast branc h station opens at Dulu th. This 
station is now closed. 

1913--------
The Division of Home Economics is established at the 

University of Minnesota. 

Minnesota can boast of 2,000 co-ops of various types 
doing an annual business of S60 million, according to 
stat istics gathered by farm management researchers . 

1914---------

A survey of soil types in the state begins, with Blue 

Earth Cou nty the first to have a count ywide survey. Surveys 
still are being done, w ith mu ch more detail available on 
soil types. 

This aba ttoir; or sla ughterhou se, was used 
fo r teaching andfor research on m eat p roc
essing. A ndrew Boss (center; with white 
ap ron) was one oftbef irst to do research to 
rela te ca rcass tra its with live traits to pro
duce leaner anima ls. This 1901 meat lab 
was thef irst of its kind at an American 
un iversity. 



1914--------
J.H. "Pop" Allison, dean of the School of Forestry, 

plants trees at Lake Vadnais north of St. Paul to find ou t how 
well they would protec t the watershed . Those trees still 
stand. The forest is now named after Allison, and forestry 
students and researchers still use it. 

1915---------
Agricultural engineering researche rs begin issuing 

plans for farm buildings. Farmers throughout the state used 
them to build the square farm houses and roomy, hipped
roofed barns that still can be seen in the countryside. 

Stakman ident ifies various races of stem rust and their 
ability to infect particular w heat var ieties. Th ese data even
tually led to a cooperative effort between plant pathologists 
and agronomists to develop rus t-resistant w hea t varieties. 

Alice Biester begins her outstanding work in dietetics. 
Between 1915and 1955, she researched the nutritive value 
of foods, the relative sweetness of sugars, blood regener
ation in hemorrhagic anemia, and the nutritional status of 
older women. 

1916----------�
A catastrophic ep idemic of wheat stem rust cuts yields 

in the Northern Great Plains by about 300 million bushels. 
Production for the war effort is seriously reduced. 

1918----------�
Stakman is appointed to head a barberry eradication 

program to combat stem rust . The goal of this program was 
to reduce the rust danger to wheat. Early eradication was 
done by pouring salt on the bushels, often against the will 
of local farmers, who sometimes threatened workers with 
shotguns, according to Ralph Miller, for mer assistant to the 
dean of the College of Agriculture and Home Economics. 

1920----------�
Latham, a large-fruited , winter-hardy raspberry, is 

introduced. It remained a widely grown variety for sever-al 
decades . 

Agricultural engineers initiate research on the dura
bility of concrete drain tile, testing its resistance to sulfates 
and carbonates. Minnesota remains a leader in th is research. 

1921---------
The first unit of what would become Land O 'Lakes 

Co-op Creameries is formed at Litchfield. 

1922---------
The Haralson apple, a tart w inter variety, is introdu ced 

by station researchers. It remains a favorite of both home 
and commercial growers. 

1923---------
Agricultural engineers cooperate with the electr ical 

industry to build the first experimental rural electrical line 
in the nation near Red Wing. 

1926--------
Experiment station research in home economics 

begins. Early studies focused on foods, nutrition, textiles 
and clothing, and home management. 

1930s--------
Home economics researchers do basic nutrition 

balance studies. 

1930--------
Parental stocks of three double crosses of field corn 

are released. The primary researcher was H. K. Hayes, who 
did some of th e early work that made the new varieties 
possible. From these double crosses came the hybrid seed 
corn that was developed by seed companies and that 
resulted in ever-increasing yields and easier harvesting 
because of its uniform size and hybrid vigor. In 1933, 4 ,000 
acres (0.1 percent of Minnesota corn acreage) were planted 
w ith the hybrids; by 1957, 99 percent of th e corn planted 
in Minnesota was of th e hybri d type. 

1933-36-------
Drought hits the Midwest. Th ese years brought eco

nomic catastrophe to many farmers. The federal government 
soon initiated emergen cy agricultural production, co nser
vation , rural electrification, and credit programs. 

1935--------
The Minnesota Agricultural Expe riment Station 

celebrates its 50t h anniversary. Andrew Boss presided over 
the banquet and a history of the station was published. 

The first six rural electric cooperatives are organized 
to p rovide energy to Minnesota farms. 

1937---------
Alec Hodson accomplishes basic ecological work on 

the forest tent caterpillar, a major forest pest in northern 
Minnesota. Hodson devised a method of sampling egg masses 
that made it possible to est imate populations for the fo llow
ing year and thereby determine whether spraying was 
necessary. 



1937- - - - - - - - 
The first calf in the country to be born as a result 

of artificia l insemination (AI) is delivered on the St. Paul 
campus. Animal scientist C. L. Cole thus becomes respon
sible for a ma jor change in livesto ck production. Minnesota 
farmers soon organized an AI association, one of the first 
in the United States. 

Home economist Clara Brown Arny is named a 
consultant to President Roosevelt 's Adv isory Committee on 
Education. In 1940, Arny served w ith the federal Office of 
Education , directing a nationwide survey published in 1941 
under the title H ome Econom ics in ou r Schools. 

1939--------
Horticulturist L. E. Longley succeeds in breeding a 

winter-hardy chrysanthemum. The mum, called Duluth , 
had a two-inch lemon yellow semi-double flower. The 
station has introdu ced 65 mu ms since 1939. 

1940s--------
Veterinary medicine researchers co llaborate in the 

development of tests for brucellosis, a bacterial infection 
of cattle that can sp read to hu mans through unpasteurized 
milk and animal wastes. Modifications of the tests, which 
identify the p resence of brucellosis and the degree of 
infection, are still being used today. 

Clyde Christensen, a pla nt path ologist, joins a national 
project aimed at cheaper production of penicillin as part of 
the war effort . Partly as a result of this research , Christensen 
later became a nationally known authority on the role of 
molds in grain storage. 

1940---------�
The first sawmill sh ort course in the country is held 

at the Cloquet Forest Research Center. 

1949--------
The Agricultural Experim ent Station at Rosemount 

is established to serve scientists as an extension of the 
St. Paul camp us. 

Th e Minnesota legislatu re allots funds for the University 
of Minnesota Soil Testing Laboratory. Between 1950, when 
the labo ratory was established, and 1980, consumption of 
total fertilizer materials sold in Minnesota increased from 
217,996 tons to 2,313,075 tons. 

1954--------
Nutrit ionist Jane Leichsenr ing wins the prestigious 

Borden Award for her work in fundamental studies in 
nutrition and in exp erimental foo ds. 

Oppositep age, left: A m ajorp roj ect ofentomologist/botan ist 
Otto Lugger in volved propagating fu ngus sp oresf or the biolog
ical control ofchinch bugs, which were causing hea vy damage 
in small grains in the late 1800s. Oppositep age, right: T. L. 
Haecker, show n with a fersey cow in 1910, was thefirst to run 
tests that considered the weight of the cow, percentage ofbutter
f a t, and amount ofp rotein in the die t. This page: This 1914 
School of Tractor Engineering class compared a Case gasoline 
tractor (left) with a Minneap olis Moline tra ction engine. Agri
cu ltural engineer Will iam Boss orga nized m any such short 
courses between 19 00 a nd 1920. The da iry barn in the back
ground still stands on the St. Paul camp us. 

1957---------�
Park Kentu cky bluegrass is introduced by agronomist 

H . C. Thomas. This variety was the basis for establishing the 
bluegrass seed industry in northwestern Minnesota . 

1958--------
The Minnesota Landscape Arboretum , located in 

Chaska, is founded to evaluate trees, shrubs, and ornamentals 
for home landscap ing use in Minnesota's severe w inter 
climate. Leon C. Snyder, who headed the arboretum from 
1958 until his retirem ent in 1977 , built it into a showplace, 
w ith more than 4,000 species and cultivars being evaluated 
for cold hardiness and landscape value. 

1959--------
The last team of workhorses owned by the station 

is sold. 

The Southwest Experiment Station is established at� 
Lamberton .� 

1960- -------�
The plant hardiness laboratory, now one of the 

leading centers for cold hardiness studies in the world , 
is established. 

Robert Schoffner begins his investigation into the� 
chromosomal makeup of chickens. Schoffner remains one� 
of the leading animal science investigators of this subject ,� 
called cytogenetics.� 

1968--------
Studies begin on developing the particleboard 

industry by using such underutilized species as pape r birch 
and balsam poplar. 

1970s- - ------
Veterinarians and plant pathologists cooperate to 

identify mycotoxins in animal feed and forage and to collect 
data on the adverse reactions an imals have to them. 

1970---------
Norman Borlaug, once a graduate student under 

E. C. Stakman, is awarded the Nobel Peace Prize for leading 
the "green revolution;' which increased food production in 
nu merous developing countries. Borlaug's research focused 
on a dwarf wheat that had a high yield and was adaptable 
to many climates. 

The first litter of pigs is produced using frozen semen . 



Plant p atho logis t Alvin H. Larson, lef t, directed the sta te Seed 
Testing Laboratory f rom 1921 to 1926. The laboratory, wh ich 
orig ina lly was loca ted on the St. Pa ul campus, tested seed 
germ ina tion and checked seed fo r f oreign matter. 

1970---------
Era wheat , the most successful wheat var iety in� 

Minnesota in recent years, is released by the station . At the� 
time of release, Era was 25 percent higher yielding than the� 
next major Minnesota-grown wheat variety; from 1973 to� 
1982, this yield increase provided an estimated $266 mil�
lion in added income to Minnesota growers alone.� 

1972- - - - - - - - 
The Remote Sensing Laboratory is established at the 

University of Minnesota. This laboratory serves the remote 
sensing needs of several disciplines w ith p rograms in natural 
resources inventory and environmental assessment. 

1973--------
The Center for Youth Development and Research 

becomes a unit of the College of Home Economics. The 
center's polls on the opinions and concerns of Minnesota 
adolescents are widely known. 

1974- - - - - - - - 
Howard Morris and extension specialist Edmund 

Zottola introduce the European concept of on-farm 
cheesemaking to Minnesota farmers. Several Minnesota 
dairy farmers now produce this Farmstead Cheese, and 
farmers in other states also have adopted the process. 

1975--------
Family social scientist David Olson and associates 

begin compiling the Inventory ofMarriage and Family 
Literature. This widely distributed publication lists all pub
lished literature in the English lang uage in the area of mar
riage and family theory, research, and applied programs. 

This p age: Nutrition istJane Leichsenring swork on iron 
requ irements and anemia and her data on calcium and 
phosphorus metabolism were used by the National Research 
Council in sett ing recommended allowances for these 
elements. 
Opp ositep age, left:Plantpathologist E. C. Stakman (right), 
who did major work on identifying wheat rust, is shown 
examining corn smut cultures with fellow researchers]. M. 
Daly and D. E. Munnicke. Opposite page, right: Agronom ist 
Jean Lambert helped to make soy beans second on ly to corn 
as the m ost valuable crop in Minnesota. He is shown in 1954 
with Chippewa soybeans. 

1976--------
The Golds tein Gallery, named for related art professors 

Harriet and Vetta Goldstein, opens in the College of Home 
Economics. The gallery houses design-related decorative 
arts and historic costume collections. 

197'---------
Edelweiss and Swenson Red table grapes, both nearly 

hardy and needing some w inter protection, are released by 
the station. 

1978---------
Hamilton McCubbin and associates undertake studies 

on marriage and fam ily stress. This research provided the 
Department of Family Social Science with the largest exist
ing national data base on stress in families. 

The station releases Morex , a six-rowed malting barley 
that soon became the most widely grown barley variety in 
the United States. 

1981---------
The station releas es two hardy, half-high blueberry 

cultivars, Northblue and Northsky. 

1983--------
The stat ion releases Robust malting barley. Well 

received in its first year (1984), Robust appears to be 
superior to Morex . 

1984--------
Alan Hunter, an imal science researcher, reports a 30 

percent success rate with in vitro fertilization of dairy catt le 
ova. This accomplishment is one of the steps necessary.in a 
long process that may lead to cloning. 



Returns from Research: Have TheyJustified the Investment? 

What has the state received in return for the money 
it has invested in the Minnesota Agricultural Experiment 
Station over the past 100 years? Plenty-whether that return 
is measured in money farme rs make from improved crop 
varieties developed by station scientists or in terms of such 
priceless things as human lives and the finite resources of 
the globe. 

Although Minnesota farmers were the original bene
ficiaries of experiment station research, the mission of the 
station has broadened throughout its existence and now all 
Minnesotans-and others around the nation and the 
world-share in the benefits of station research, whether 
they live on farms or in cities, suburbs, or small towns. Basic 
research cond ucted by station scientists forms the 
foundation for the app lied research that makes it easier, 
safer, more profitable, and more pleasant to work , live, and 
play in Minnesota. 

Even though the statio n's mission has grown to 
include research in other areas, such as forestry and home 
economics, that are vital to the economic well-being of the 
state, agricultural research continues to playa leading role in 
station research. 

One of the oldest functions of the station is the devel
opment of new crop varieties. The amount of money spent 
in this endeavor usually is miniscule compared to the profits 
farmers make due to the increased product ivity of the new 
varieties. Improved yielding ability is not the only trait 
sought by station plant breeders, however; they often seek 
to incorporate other characteristics suc h as resistance to 
diseases and other pests, improved p rotein content , early 
maturity, and hardiness in new varieties. And it 's not just 
farme rs w ho benefit from new varieties ; marketers, proc
essors, the transportation industry, and consumers 
alike benefit from them. Th e bottom line is often lower 
food costs. 

Phenomenal Returns Can Result 
Single varieties that represent breakthroughs in 

breeding can lead to phenomenal returns . Era hard red 
spring wheat , released in 1970 , is on e of the most successful 
plant varieties developed by the station. This semi-dwarf, 
lodging-resistant variety has yielded 1.5 to 6 .5 bushels mo re 
per acre than previously grown varieties. Throu gh 1983, 
nearly 78 million additional bushels worth nearly $273 
million in farm income were produced on the 19.7 million 
acres planted to Era in Minnesota. In everyday terms, the 
increased yield from this one variety has meant an 
additional 6 billion one-pound loaves of bread . 

Although Era is beginning to be replaced by newer 
varieties (including Marshall, th e station's latest int roduc
tion, which has a higher protein content than Era, making it 
more desirable to millers and exporters), it still is p lanted on 
more than half the wheat acreage in Minnesota, acco rding 
to Herbert)ohnson, former head of the Department of 
Agronomy and Plant Genetics. 

Other plant breeding effo rts also have shown tre
mendous returns for the research dollars expended . For 
example, Minnesota farmers produced an additional $32 to 
$35 million worth ofsoybeans in 1983 by growing improved 
varieties developed by the station. The rate of return on 
money invested in all soybean research in Minnesota is 
somewhat higher than the 55 to 56 pe rcent rate of return 
for the nation as a whole, says agricultural econo mist 
Vernon Ruttan. 

But it 's not just varietal development that has kept 
agriculture the largest segment of Minnesota's economy. 
New varieties teamed wi th basic and applied research in 
p lant pathology and physiology, entomology, soil science, 
and other disciplines are responsible for increased produ c
tivity. Consider the average Minnesota per-acre yields of 



1935 and 1982: 33 an d 113 bushels for corn, 14 an d 36 
bushels for soybeans, 10.6 and 39 .8 bushels for wheat , 
25.5 and 58.0 bushels for barley, 37 and 66 bushels for oat s, 
5,000 and 19,000 p ounds for potatoes, 1.5 and 2.9 tons for 
hay, and 7.5 and 18.9 tons for sugarbeets. 

Station research also has been a key factor in keepi ng 
Minnesota one of the leading states in turkey production. 
Consider that it took only 21 weeks to raise toms to market 
weight in 1982, comp ared to 25 weeks in 1951, and that 
average live and eviscerated we igh ts for turkeys increased 
31 and 46 percent dur ing the same period. 

Research in another area- forestry- has helped to 
make the forest industry one of the strongest sectors of 
Minn esota's economy. Consider just one example. Forestry 
research done between 1974 and 1977 showed that utiliz
ing aspen slash in particleboard p roduction could increase 
yields by 20 to 30 percent , from 672, 500 cords per year to 
between 807,000 and 874 ,250 co rds per year. The 1977 
value of the cost of those fo ur years of research at 10 percent 
interest was $171,907. Assuming a 25 percent increase in 
aspen yield, this research can be viewed as result ing in 
168,000 additional cords per year, or about one additional 
co rd pe r year for every dollar spent on research. 

Research Has Affected Much of Farm Life 
The lives of agric ultura l workers have been eased by 

much of the research done by th e station's agricultural 
engineers. Farm life today, w ith its ever-increasing mech
anization, is far removed from farm life at the turn of the 
century, when milking machines, tractors , and electricity 
were virt ually unknown . Agricultural engineering research 
has saved Minnesota farm ers co untless hours of hard 
physical labor. 

Station researchers from different disciplines often 
work toget her to solve p roblems. For example, concern 
over high mortality in dai ry calves led agricultural engineer 
Do nald Bates an d veterinarian )ohn Anderson to develop 

The second sum m erf ield day ofthe 
Southwest Experiment Station a t 
Lamberton was beld in ju ly 1961. 
Attendance at field days usually tops 
1,000. Since its crea tion in 1959, the 
southwest sta tion has increased its 
acreagef rom 240 to 668 acres. 

an eight-calf "super" hu tch for ho using calves up to 500 
pounds. They fo und th at young calves who outgrew 
individual hutches often were moved to overcrowded , 
ill-ventilated quarters, w he re they we re likely to devel op 
pneumonia and other sometimes fatal resp iratory ailments. 

Th e development of the super hutch has reduced th e 
incidence of pneumonia damage an d death . Healthier ani 
mals can be raised in the sup er hutch and veterinary bills 
may be red uced . In addition, calves reared in the super 
hutch first and in suitable housing later have shown an 
increased milk p ro duction of 1,000 or more pounds per 
lactati on , according to Anderson and Bates. Since the 
hutch was developed in 1981, more tha n 1,500 plans for 
its construc tion have go ne o ut to farmers th roughout 
the United States. 

Altogeth er, th e increase in Minnesota 's agricultural 
productivity due to applied station research is estimated to 
be $70 0 to $800 million annually. In 1984 , that was approx
imately 20 to 23 times the experiment station's budget of 
$35 million. The ent ire budget , of course, incl udes funding 
for research in forestry, home economics, and other areas 
in addition to agricul ture. 

Some Returns Can't Be Measured 
As imp ressive as the financial retu rns are, the worth 

of much research cannot be measured . There's no price on 
human lives, yet station research has saved many. For exam
ple, tuberculosis and bru cellosis were common and some 
times fatal among catt le in the early years of this ce ntury. 
Worse, these disease s co uld be transmitted from cattle to 
hu mans. Statio n veterinarians developed improved d iagnos
tic tests for both diseases . These tests were used throughout 
th e country' in erad icating these diseases in catt le an d 
greatly reduced their incidence in humans. 

It 's imposs ible to say how many food pois oning 
tragedies have been prevente d by sta tion researchers who 
developed processes for ma king commercial and home 



A Simpler Time� 

food preservation safer and more reliable. 
Station researchers who do basic research often share 

their findings w ith researche rs from other University of 
Minnesota departments. A case in point involves an animal 
scientis t wh o con ducts research on in vitro fertilization 
of dairy cattle ova. This scient ist relays his findings to 
doctors in the University 's Medical School, which recently 
added an in vitro fertilization clin ic to help childless couples 
have babies. 

Dissemination of research results can alert con
sumers to possible life-threatening problems. Station textile 
researcher Peter Brown found in 1983 that some draperies 
lined with so-called flame-retardan t liners actually were 
more flamma ble than unlined draperies. This finding was 
repor ted in a national magazine with a large circulation, 
thus acquainting many consumers with the danger. 

The goal of family social scientists who condu ct 
research for the station is improving the quality of life. 
Nationally, nearly half of all marriages end in divorce. 
Station researcher David Olson has developed a question
naire that seems to predict with high accuracy the proba
bility of marital stability for engaged co uples. The question
naire, which has been given to more than 50,000 engaged 
couples across the United States and is used in several other 
cou ntri es, helps pred ict whether a couple's married life is 
likely to be unhappy. Its worth in helping couples who are 
ill-suited to each other decide not to marry and thereby 
avoid much mental and financ ial anguish, is incalculable. 

Benefits to Future Generations an Emphasis 
Increasingly through the years, station research has 

emphasized not on ly benefits to individuals or groups but to 
the environment and to future generations. Erosion of pre
cious topsoil has long been a concern of station researchers. 
"These fragile soils took tens of thousands of years to 
make;' says soil scient istJohn Moncrief, "and when they are 
gone, that 's it:' Moncrief and other researchers are now using 
the results of studies on erosion-prone so ils to encourage 
co nservation tillage practices that retain as much of the soil 
as possible and still insure a good return to farm ers. 

Other conservation efforts by station researchers have 
had immediate impact on all Minnesota cit izens. Research 
do ne by the station was incorporated into the U.S. Water 
Quality Acts of 1972 to 1977. These acts have helped reduce 
water pollu tion and have helped provide a better aquatic 
environment for fishing and recreat iona l activities. 

Much research is now devoted to he lping Minneso tans 
enjoy their leisure time. Home gardeners reap many benefits 
from the station's work in deve loping fruits, vegetables, and 
ornamentals especially suited to Minnesota 's climate. Vaca
>ioners, too, benefit from policy decisions based on station 
~sea rch on land use. 

Has it been worthwhile to fund the Minnesota Agricu l
tura l Experiment Station for a cent ury? When the station's 
research touches lives in as many ways as these, it seems 
clear that the public hasn't just financed studies. It has 
invested in a better way of life. 

This excerpt from a letter w ritten by Waseca station super
inte ndent Robert Hodgson to assista nt station director 
Andrew Boss offers a glimpse of life at a branch station in 
the early 1940s . 

UNIVERSITY OF MINNESOTA 
DEPA RTM ~:NT Of A I;RICIlLTURE� 

SOIlTl IEAST E XPERIMEr". STATION� 

WASECA, M INNESOTA� 

March 13 , 1942 

Dr. Andrew Boss� 
1443 Ray mon d Avenue� 
St . Paul , Minn .� 

Dear Mr. Boss: 
t t ime [ went up to t he ci ty I ca rried some 

The laSe r you and the n got so fl ustered over the book 

~ ~:~:eesss ~ forgo t to leave them. They rep l'es~t the ~~~st 

~~t::~: :~:~~~:e~~~n~:::~a:::~~:~~:ld e~;:~; the 

same as in corn. U It d 
We h ave the most high ly in bred hogs in the n e 

was crossed with an in br ed Duroc 
ee ~~~:~~~:h~:a~fr~~~::ent i ng the next h l,~hest :er of 

inbl'eed lng. We calle d t he boa r "Rain bow for 0 v ou s 
had an - in uetve" d isposi t ion . His p igs d hreasons an e ft oon 

re also wlld and 3 of u s spe n t most of an a ern 
we 6 out of the 7 t o sta n d in one row for one second.

t t in 
~~i S w~s about as d ifficu lt a pict ure of pigs as I have 

ever tried . d th steers 
I took some colored pict u r es of the cows an ~ 

the other day wi th very good su ccess. I' ll bring t e:~p 

SO~:~I~:;~~r~~:~: ~~:~;;c;~~dt~~~~~~~~:::iS st ili 
scr'ee n . g ith their feed , and produ ct ion Is not 
:~~:;~~:C~;~~~h:;'Sin a nother 10 years we wlll discover 

w~: ::V:r~8dl~~~:~~~g~ith a set of triplets born this 
morning . Spring must be j u st around the corner. I see 
the boys are driving a b ig chestnut colIt commine~ ~~~~e but 

d ' t k now wher e the co or co ' 
this springdIho°:Se anyway. Our mule colt is also growing 

~e~ li:::~~n move li ke greased lightning with any fOO~ 
handy. With best regards to yo u and Mrs. Boss, I rerna n . 

ve~~~ours , 

sub~6tn"dent 

Minnesota Agricultural Experiment Station11885-1985 
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Station Bulletins: "In the Interest of Economy and Comfort" 

Early bulletins of the experiment station were schol
arly, yet often chatty. Many of the subjects covered in the 
early reports still are being investigated, if on a different 
level and for different reasons. 

The first director, Edward D. Porter, vowed to issue 
bulletins "at least quarterly" He included the following 
introd uction in the first bulletin, dated January 1888, and 
in subsequent ones: 

"In carrying out the objects ofthe organization of 
an 'Agricultural Exp erim ent Sta tion: we cordially invite 
the co-operation ofa ll persons interested in its success. 
Suggestions as to line of exp erimental work, problems to 
be solved, inqu iries relating to agriculture, horticulture, 
stock, and the da iry, will be cheerfully received, and 
answered as f ar as p ossible; but no work will be under
taken unless of p ublic value, and the results ofwhich we 
are at liberty to use f or the p ublic good." 

That first bulletin carried reports on wheat experiments 
and potato culture and on the station's orchard of 65 vari
eties of Russian apples. Other bulletins issued in the first year 
discussed silos and ensilage, tests of corn varieties for feed
ing values, examinat ion of beets and other roots for sugar and 
feeding values, and the comparative value of cold and 
warm water for stock, in food consumed, and in the pro
duc tion of milk, butter, and beef. 

Occasionally, a writerlresearcher gave an alibi for 
being late with his report , as did D. N. Harper in his report 
"On the Chemistry of Wheat" in the April 1889 bulletin: 

" This report I had hop ed to p ublish in the February bulle
tin. Frequent interrup tions, together with the freezing and 
burs ting ofthe waterpipes in the laboratory, and f ailure 
ofthe water supp ly, rendered it imp ossible." 

As often happens, researchers found that their 
research led to othe r discoveries that could be applied in 
different situations , as this da iry researcher did when he 
invented a desk with a pa per scroll for storing daily records: 

" .. . the necessity f or some convenient method of 
tabulating the daily records of fe ed eaten, wa ter drank, 
live weight, milk given and otherfacts was the 'mother of 
the invention ' herewith described which has proved to be 
admirably suited to the p urp ose.. ..This device could be 
adapted to creameries and cheese f actories;" 

Some researchers wrote eloquently and prophetically 
about problems that would continue to occupy scientists 
nearly a century later. Otto Lugger, an entomologist , recog
nized the extent of the problem of wheat rust when he wrote 
in January 1889: 

"It seems to me, that the study ofthis disease (rust on 
wheat) in all its bearings offers a grand opportunity to 
occupy some of the time ofthe staffofall the experiment 
stations now in operation, to solve all the mysteries still 
surrounding it, or to find, ifpossible, remedies to combat 
the parasite successfully as this would be ofgreat imp or
tance to the whole farming com m unity. Even ifbut a 
portion ofthis most necessary crop could be saved in 
years where rust generally prevails it would be an 
immense gain not alone to thefarmers growing it, but 
to all, as bread is 'the staffoflife: and to make this staff 
a cheap and reliable one would benef it every p erson in 
this and other countries. " 

Lugger had long since left the station when, begin
ning in 1915, E. C. Stakman did his monumental work on 
identifying races of wheat rust . This work, which led to the 
development of rust-resistant strains of wheat, has indeed 
benefited this and other countries. Even so, wheat rust still 
has not been eradicated , although it has bee n under control 
for more than a quarter of a century. 

Researchers like Samuel B. Green, for w hom Green 
Hall is named, clearly saw themselves as responsible to 
the people of the state. Green , in an 1888 bulletin report 
addressed "To the Farmers and Horticultu rists and Friends 
of Horticulture . ..in the State of Minnesota , and citizens 
generally;' said : 

" I am desirous to have it distinctly un derstood that I 
consider myselfyour servant, and am anxious to carry 
out your wishes. I want to get close down to the work and 
m ake this a p ractical, working departm ent of service 
toyou. 

It ought to be, and sha ll be, with your perm ission, a 
help to you.. .. As an experim entalist and horticulturist, I 
do not expect to p erform m iracles. But I do exp ect, by 
careful observing and trying and wo rki ng and judiciously 
carrying out your ideas and comparing one season wi th 
another, to develop and extend methods in the interest 
of economy and comfort." 

Although today's researc hers may have neither the 
chance nor the inclination to philosophize about the nature 
of their task or the station's mission, they still have the same 
basic goal: to imp rove the lives of the citizens of this state 
and indeed of people everywhere. 



Geneli'ansfer Systems Offer Promise 
of Reliable Dairy Starter Cultures 

Above: Research assistant Jim Steele uses an ultraviolet system for detecting plasmid DNA 
molecules. Below: The pink bands represent DNA molecules that control the fermentation 
of dairy products. Each band Is responsible for a characteristic such as butter aroma or 
acid production. 

MICROBIOLOGIST LARRYL. MCKAY 
and a number of graduate students 
have pulled dairy starter culture tech
nology from antiquity to a high tech 
world in just 15 years. 

Since ancient times, milk has been 
fermented to form cheese, butter, 
yogurt, and other dairy products. The 
success of the fermentation process 
depended mostly on luck: The micro
organisms involved (called starters) 
had to be able to convert the milk 
sugar lactose into lactic acid, to use 
the milk protein to make the culture 
work, and to produce the identifiable 
aroma of the product. 

Sometimes these microorganisms 
worked, sometimes they didn't; and no 
one knew why. This hit-or-miss method 
frustrated centuries of butter- and 
cheesemakers and long remained a 
problem for the dairy products indus
try. "The relevant bacteria involved in 
dairy cultures were identified in the 
1890s," says McKay, "and the first 
commercial cultures for butter and 
cheese were introduced at that time. 
But the industry has continued to rely 
on naturally occurring strains. No one 
had tried to improve them :' 

So the field was wide open for 
McKay, who began work on the proj
ect in 1970. "I wanted to begin looking 
at the microorganisms used in dairy 
starter cultures as an industrial micro
biologist would look at them;' he 
recalls. Fermented dairy products 
account for about 20 percent of the 
total economic value of the fermented 
foods produced throughout the world 
(including alcoholic beverages). Being 
able to insure the reliability of starter 
culture performance would be of great 
benefit to the dairy products industry 
and also to retailers and consumers, 
since starters also govern to some 
degree the shelf life of products. 

McKay anticipated eventually using 
gene transfer systems to produce 
more reliable starter cultures, but 
there was little available information 
about the genetic composition and 
behavior of these important bacteria. 
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Research assistant Dennis Romero transfers bacterial cultures used in fermentation .� 
Biotechnology allows specific genes that control traits desirable in fermentation to be� 
isolated, identified, and transferred . 

Plasmid DNA Found to Be Link 

McKay first needed to find out what 
caused some microorganisms to lose 
their ability to ferment lactose, to use 
milk protein , and to ferment citrate 
(which produces the characteristic 
butter aroma). He suspected that 
these unstable properties were linked 
to the plasmid DNA (deoxyribonucleic 
acid) in the cells. Plasmid DNA can 
be defined as small circular pieces 
of DNA that exist separately from 
chromos omal DNA. 

Cells can spontaneously lose 
plasmid DNA; conversely, bacterial 
cells propagated in mixed strain cul
tures can gain plasm ids. Cells can 
contain several plasmid species. 
McKay determ ined that most strains 
of dairy starter cultures contain 
4 to 7 plasmid species, although the 
number of species can range from 
2 to 11 or more. 

By separati ng the plasmid DNA 
from the chromosomal DNA by a cen
trifugation process , McKay correlated 
the loss of plasmid DNA to three nec
essary characteristics of starter cul
tures (lactic acid fermentation, citrate 
fermentation, and protein utilization). 

He found that the plasm ids differed 
in size and that the size difference 
was associated with the three 
characteristics. 

Once he'd determined that the plas
mids controlled the success or failure 
of the culture, McKay faced an even 
bigger challenge: how to transfer the 
needed plasmids from one cell to 
another so as to stabilize the cell 
and prevent spontaneous loss. 

Through the years, McKay found 
the attitude of both industry and other 
scientists toward his work changing. 
When he started in 1970, genetic ma
nipulation was still unknown in the 
dairy produ cts industry. He endured 
skepticism but was vindicated in 
the late seventies when, as he says, 
"biotechnology became a buzzword; 
by that time we'd been doing it for 
eight years" 

Three Transfer Methods Developed 

McKay and his graduate students 
have developed three different sys
tems of gene transfer in dairy starters. 
To streamline the process , they have 
used only the lactose fermentation trait 
to screen and identify recombinants. 

The first transfer method, called 
transduction, involved using a bacteri
ophage (a bacterial virus carried by 
most strains of dairy culture) to carry 
plasmid DNA bearing the lactose fer
mentation positive (LAC+) trait from 
one cell to another cell that lacked that 
trait. Th is method confirmed not only 
that the trait was plasmid linked but 
also that bacteriophage could be used 
as a transfer system. Transduction was 
later used to integrate the LAC+ plas
midal DNA into chromosomal DNA, 
thus stabilizing the trait in the cell . 

In a second transfer system, called 
conjugation, the cells come into physi
cal contact, during which there is a 
transfer of genetic material from the 
donor to the recipient cell. The conju
gal transfer of traits again verified the 
plasmid link of the traits.The research
ers also found that conjugation could 
be used to transfer from one cell to 
another the substances that inhibit 
spoilage and pathogenic organisms. 
Applying this finding results in 
increased shelf life, says McKay. 

The third gene transfer system, 
called transformation, was the key 
to the final step in being able to take 
purified DNA tailor-made to the 
requirements of the dairy starter 
culture and add it to an appro
priate cell. 

McKay has inspired many scientists 
around the globe to do research on 
the genetic manipulation of dairy 
starter culture. In 1983, at a worldwide 
conference on dairy starter cultures 
held in the Netherlands, McKay was 
acknowledged as "the person who 
started all this:' He has been honored 
by several organizations for his pio
neering efforts in starter culture 
genetic engineering. 

McKay's research is far from ended , 
however, for the development of the 
gene transfer system has provided thp 
base for studying gene expression , 
regulation , and plasmid development 
in dairy starter cultures. Having such 
information is crucial to future strain 
improvement programs. 

-Anne Gillespie Lewis 



Minnesota Forestry: 
A Sector on the Move 

FOR YEARS, MINNESOTA'S 17 
million acres of forests have played a 
key role in the state's economic well
being and in the quality of life its 
residents enjoy. Now, thanks to 
cooperative planning under way 
among University of Minnesota and 
U.S. Forest Service researchers, the 
wood products industry, state and 
county agencies, foundations, and 
public governing bodies, Minnesota 
forestry may be beginning one of its 
most productive and exciting eras. 

"The forestry sector of the state is 
on the move-no question about it:' 
says Paul V. Ellefson, professor of 
forest policy and economics in the Uni
versity of Minnesota's Department of 
Forest Products. "Our wood-based 
sector is among the leaders in the 
.tate's economy, standing tall with 
agriculture, tourism, and minerals. It's 
a significant contributor to the quality 
of life experienced by Minnesotans 
and visitors alike" 

Much of the favorable climate for 
forestry that now exists in Minnesota 
developed during the last six to eight 
years. According to Ellefson, research 
at the University of Minnesota and 
elsewhere has played a powerful role 
in the progress of publi c and private 
forestry programs. But the abundance 
of forests in Minnesota, the role of 
government in managing those for
ests, and the commitment of the state's 
wood products industry provide distinct 
advantages not found in other states. 

Forests blanket more than a third 
of Minnesota's 50 million acres of land. 
There is diversity in species and an 
almost equal division in forest land 
owned by private commercial and 
public owners. Thirty-five percent of 
Minnesota's forest lands belong 
to state and county governments. 
Having that much state and county 

wernment-controlled land can speed 
J decision making necessary to 

manage and maintain a vital forest 
industry. 

During the last five years, Min
nesota's wood-based industry has 
invested more than $700 million in 

capital expenditures, including new 
papermills and particleboard mills . 
This investment has meant 1,000 new 
jobs in northeastern Minnesota, the 
state's most economically distressed 
area due to steel production cutbacks. 
"These are strong commitments from 
industry:' says Ellefson. 

Leaders in the political community, 
especially in the legislature and the 
govern or's office, have been highly 
supportive of forestry. Ellefson says 
other states look at Minnesota as an 
outstanding example of progressive 
state forest management. 

Creation of BWCA 
Provided Momentum 

Perhaps the momentum for today's 
forest development began in Minne
sota when the federal government 
designated additional land as wilder
ness area along the state's northern 
boundary-the Boundary Waters 
Canoe Area (BWCA). In reducing the 
area where timber could be harvested, 

the federal government put $3 million 
annually until 1990 into state and 
county timber management. Industry 
became involved with intensive forest 
management outside the BWCA, 
while the state Department of Natural 
Resources (DNR) doubled its forestry 
emphasis. 

The 1980 Legislative Committee 
on Minnesota Resources invested 
$425,000 in a study of forest policy 
development options for the state.The 
study focused on timber supplies, 
research potential, and the individuals 
and organizations needed to coordi
nate such programs. Investigation of 
options chosen from an initial list of 
more than 250 led to the Minnesota 
Forest Management Act of 1982, 
which Ellefson calls one of the most 
comprehensive state forestry laws 
in the nation. When BWCA federal 
funding ends in 1990, the forest man
agement fund set up in the 1982 act 
will take up some of the slack. 

For University researchers, the 
current emphasis on forestry focuses 
on continued work in areas like genet



ics, remote sensing, biotechnology, 
and development of new products 
such as waferboard. 

Genetic improvement of trees 
means selection of superior strains 
of seed for such traits as yield, fast 
growth, form, and disease resistance. 
The DNR, county governments, and 
foundations have joined with the 
University in a cooperative tree 
improvement program . 

Biotechnology research (of special 
interest in horticulture) means jump
ing the time hurdle. It could result in 
advances like stepped up growth for 
selections showing disease resistance. 

Remote sensing-low altitude 
aerial photography-has been taking 
place at the University during the 
same 30 years that genetic improve
ment of tree species has. Researchers 
use filters to obtain a photographic 
profile of forests, revealing growth 
patterns and diseases. Remote sens
ing saves dollars by allowing relatively 
easy evaluation of otherwise inacces
sible areas. (In agriculture, remote 
sensing delves into water quality and 
helps with early detection of stress 
in crops.) 

Challenges Lie Ahead fo r 
State Forestry 

Another facet of forestry 's future 
is the expectation that international 
markets will become more interested 
in the state's wood products. In 1980 
the United States exported $3.7 billion 
of forest products. Although Minne
sota's role has been a minor one in 
that picture (nine percent of the value 
of forest products shipped and eight 
percent of its wood-based employ
ment were directed toward the export 
market), current projections are that 
nationwide exports to Europe alone by 
1990will be $1.6billion compared with 
$700 million in 1981. Wood panel prod
ucts are expected to top the list. 

"We may never be in the wood 
export league of our West Coast neigh
bors, but the export climate now devel
oping encourages us;' Ellefson says, 
noting that the USDA and an industry-

Since the late 1970s, Minnesota has reforested more than 80,000 acres of forest land and 
applied timber stand improvement practices to more than 31,000 of those acres. 

wide program called Foreign Market 
Development are augmenting forest 
products exporting activities. 

A regional outlook in marketing 
and forest development zones are two 
concepts now under scrutiny in Min
nesota. Under the regional concept, 
Minnesota, Wisconsin, and Michigan 
would constitute the Lake States 
Region. Such a plan would reap ben
efits in developing markets, having 
more political influence with other 
wood-producing regions, and in 
dealing with government regulation . 
As a region , the Lake States could 
claim 10 percent of commercial tim
berland in the United States. 

Michigan has set up forest devel
opment zones that contain a mix 
of ingredients necessary for new or 
expansion of existing industries: labor, 
raw material, and water and other 
essentials. Ellefson says, "Minnesota 
will be influenced by states that are 
aggressively recognizing forests as 
a strategic resource to be used in 
achieving industrial development 
goals and in initiating broadly struc
tured programs to coordinate human 
and physical resources toward accom
plishing them:' 

Forests in Minnesota are aging, just 

as the U.S. population is. This means 
that although growing stock and saw 
timber volumes have increased, there 
are relatively few young trees to re
place those being harvested. A strat
egy for a better distribution of age 
classes on commercial timberland 
within Minnesota must be developed. 
"It may take more than a single gen
eration to do this :' Ellefson says. 

Successful forestry in Minnesota 
(forest land is expected to decrease by 
1990 with more conversions to urban 
or agricultural uses) depends on the 
success of intensifying management 
on the remaining forest land. It also 
will require an emphasis on continu
ing education for forestry and natura l 
resource professionals, since not every
one has kept up with the technology. 

Forestry develops with research 
and diminishes without it. Trees, like 
people , are not a one-time investment, 
cared for now and then forgotten. But 
with continued cooperation among 
government officials, industry rep
resentatives, and University 
researchers, Minnesota's broad 
expanses of forest will long remain 
a source of well-being and pride for 
its residents. 

-Mary Kay O'Hearn 



Researcher Unravels Mystery� 
of Plant Rhythms� 

The up and down movem ent of soybean leaves is visible in this triple exposure taken over 
several hours. 

Research assistant Margaret Fuhrman records differences in the growth rates of soybeans. 
Tubes leading to the containers supply nutrients and water. Each container is on a different 
schedule, all computer controlled . 

IN 1965, AS A POSTDOCTORAL 
researcher at Brookhaven National 
Laboratory, Willard Koukkari noticed 
a strange thing. Some of his expert
ments with phytochrome, a Iight
sensitive plant pigment involved in 
flowering , seed germination, and othe r 
development processes, were going 
well- in the morning. But when he 
performed identical tests in the after
noon, the results were completely 
different. Why? 

As it turned out, natural rhythms 
made the plants he was studying more 
responsive during some parts of the 
day. "It was the first time I realized that 
time is so important: ' Koukkari recalls. 
The experience had a lasting impact: it 
turned him into a student of biological 
rhythms , the natural cycles in plants 
and animals that affect virtually all life 
processes. Today, with the help of 
plants that draw pictures of their own 
movements, computer-controlled 
video cameras, and sophisticated bio
chemical assays, Koukkari-now a 
professor of botany at the University of 
Minnesota-and his coworkers are 
trying to find out what makes the 
elusive biological clock that controls 
these rhythms tick. 

Koukkari focuses his studies on 
soybeans, one of Minnesota's major 
crops and a particularly good subject 
for studying rhythms. Biological 
rhythms have been found in virtually 
every group of organis ms, from bac
teria to humans. They control levels of 
hormones and enzymes within cells, 
" tell" plants when to flower and 
homing pigeons when they're home. 
They range in length from seasons 
to seconds. 

"If we start looking at the molecu
lar level, cell , organ , and whole plant 
level, we see these different types 
of rhythms and oscillations taking 
place-anything from bioelectric 
potentials and hormones to the activity 
of enzymes, output of carbon dioxide, 
to production of flowers, even the 
movement of petals and the germina
tion of seeds :' Koukkari says. " I'm not 
aware of any process or event that 
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takes place in biology that does not 
have some kind of rhythm:' 

Researchers "See" Plants 
Move, Grow 

One of the rhythms that Koukkari is 
studying in soybeans is the character
istic up-and-down movement of the 
leaves over the span of a day.This trait 
allows him to "get a hand le" on the 
pattern of movement: with pens 
attached to their leaves by fine 
threads, the plants draw maps of their 
own movement. The researchers are 
studying the normal rhythms and are 
attempting to identify how they are 
affected by injury, disease, and other 
agents of stress. Eventually, they hope 
to determine whether the leaf move
ment pattern is related to biochemical 
rhythms found at the subcellular level. 

Koukkari and his coworkers use two 
computerized video cameras and an 
elaborate plant stand marked front 
and top with grids to study a more 
subtle type of period ic plant move
ment: the circular pattern traced by 
the tip of a growing plant. 

"When a plant grows, we often 
think of it as just adding more cells ;' 
Koukkari says. " But it may actually 
'nutate'-bob and turn. Such circum
nutations may display periods of 90 
to 120 minutes , a very rapid type of 
movement' 

On a less visible scale but of 
perhaps more far-reaching signifi
cance are studies the researchers 
have conducted on circadian rhythms 
of plant responses to temperature 
extremes, herbicides, pathogens, and 
other types of stress. Koukkari initi ally 
began to search for these patterns as 
a result of his contact with medical 
researchers studying rhythms in 
humans. 

Koukkari speculated that plants , 
like humans, might show a pattern in 
their response to stress. He tested a 
variety of plants to see whether their 
reactions change predictably over the 
course of a day. 

"We've found out now that soybean 
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Willard Koukkari checks connections on a 
soybean plant in a growth chamber. With 
pens attached to their leaves by fine 
threads, the plants draw maps of their 
own movement. 

is more susceptible to injury by cold at 
certain times of the day and also more 
susceptible to heat injury at certain 
times of the day;' he reports. This 
result , he adds, was found even with 
only a few minutes of exposure to the 
stressful conditions. 

The stress tests using herbicide 
were made on velvetleaf, a weed 
found in soybean fields. To control for 
the effect that the daily leaf movement 
(velvetleaf also raises and lowers its 
leaves over a 24-hour cycle) would 
have on the amount of sprayed herbi
cide that would actually reach the 
plant, the researchers applied herbi
cide in tiny, uniform dots on the leaves 
using micropipets.Their suspicions 
were confirmed. 

"These plants are more susceptible 
to a particular herbicide at some times 
of the day than at others ;' Koukkari 
says. "How effective the herbicide is 
depends on when it is applied:' 

Timing of Events a Critical Factor 

A rhythm currently of particular 
interest in Koukkari's lab is that con
trolling the flowering of plants . 

" If you look outside today, you'll 
see certain plants in bloom, some no 
longer in bloom, and some that will be 
in bloom later on. So there 's some 
kind of time measurement;' he says. 
"What's involved when a plant that 

just produces leaves and stems 
changes its pattern of growth to 
produce flowers and fruit? 

"You have light , darkness, pig
ments like phytochrome. Then you 
have a bud produced. What happens 
in between? We don't know:' 

To begin to unravel this problem , 
Koukkari and graduate student Mar
garet Fuhrman are studying rhythms 
that affect the process. For example, 
nutrients have been shown to inhibit 
flowering under some cond itions. The 
researchers are now investigating how 
the timing of nutrient applications 
affects the appearance of blossoms. 
By dissecting the various factors 
involved in flowering , including 
chan ges in the activity of specific 
enzymes, they hope to come closer 
to understanding the mechanism 
behind the mystery. 

Much of the knowled ge about the 
timing of events in the lives of plants 
that Koukkari is gaining has potential 
appl ication in agriculture. Awareness 
of the period icity of pest icide applica
tions and the effects of other kinds of 
stress may eventually be incorporated 
into farm ing practices. A more immedi
ate appl ication may be for other kinds 
of research: considering the inherent 
rhythms in plant breedi ng programs, 
for example, or simply being aware in 
laboratory and other studie s that plant 
reactions may be very different over 
the course of an hour, a day, a month , 
or a year. 

But for Koukkar i personally, the real 
reward is not so much in immediate 
application as it is the chance to move 
toward a better understanding of the 
rhythms themselves. By studyin g the 
multitude of natural rhythms, from the 
seconds-long oscillations in enzyme 
levels within the tin iest cells of plants 
to the relat ively slow production of 
blossoms and fruit over the growi ng 
season , he-and researche rs like him 
around the world-hope eventually to 
unravel the story behind the intrigu ing 
natural rhythms that pervade all of life. 

-Mary Hoff 



Science Notes/co ntinued from page 6 

the time and emotional toll that run
ning the family business required. 
Children were resentful because 
exhausting work weeks had left their 
parents little time to be with them for 
school or church activities or to take 
vacations with them. Although about 
half the wives in the study had earned 
salaries from the family business, 
many were unhappy about the long 
hours and money worries associated 
with self-employment. Others wished 
their own roles in the business had 
gone beyond bookkeeping or cleri
cal dut ies. 

Desp ite the tens ions , many family 
business members thr ived on being 
independent and build ing the enter
irise so that it could provide jobs and 
income for others in the fami ly. 

What adv ice does Rosenblatt offer 
to those already in family businesses 
or cons idering starting out? He sug
gests that family busin ess partners 
work hard at communicating with one 
another so that problems and frustra
tions don't grow out of proporti on. He 
also says family members should 
expect occasional hard fee lings and 
even work out ways of airing griev
ances or concerns. Precise job 
descriptions for all members of the 
bus iness and firm agreements on 
responsibil ities and the future of the 
business also are imp ortant. He and 
his fellow researchers noted a number 
of cases in wh ich in-fight ing about who 
woul d inherit control of the business 
and when that would occur cause d 
major problems. 

Rosenblatt also cautions parents to 
give the ir children room to grow and 
learn as they work into the famil y enter
prise. " In a family business, parents 
need to develop activities and identities 
" utside the business. In general , 

.ople in business families need to 
monitor their bus iness involvements,to 
be alert to overinvolvement. They need 
to work part icularly hard for a balance 
of interests in the ir lives:' 

-Deedee Nagy 

In 1983, the winds that carry the potato leafhopper up from the gulf states were farther west 
than usual , and huge populations of the pest rained down on Minnesota. 

RESEARCHERS DETERMINE 
ECONOMIC THRESHOLD OF 
POTATO LEAFHOPPER 

Potato leafhoppers rained down on 
Minnesota farms during the spring of 
1983, resulting in millions of dollars of 
damage to potato and alfalfa crops. 

The insects, which are native to the 
gulf states and overwinter within 75 
miles of the coast, are carried by high 
altitude winds and can be transported 
up to 1,500 miles. When the warm gulf 
air containing the insects meets a cold 
front , the leafhoppers are precipitated 
out like rain . 

" Last year we had the highest popu
lat ions of potato leafhoppers in more 
than 30 years :' says Ted Radcliffe, an 
entomolog ist and researcher with the 
Agricultural Experiment Stat ion. 

What th is meant to Minnesota 
farmers was an overall reduced potato 
yie ld of 10 to 15 percent and the loss 
of tens of mill ions of dollars on the 
alfalfa crop . 

Although the adult insects cause 
problems, it's the young-or nymphs
that do the greatest damage. Adult 
females lay their eggs in the veins of 
plant leaves , producing several hun
dred nymphs. Once the young hatch, 
they feed on these veins and other 

plant tissue, causing the leaves to 
turn yellow or brown . 

Research completed by Radcliffe 
and his coworkers determined a 
threshold of how many leafhoppers 
can cause a yield reduction and when 
it's economically worthwhile to use an 
insecticide. 

The threshold varies depending on 
the height of the alfalfa. A tall alfalfa 
plant with lots of foliage can better sus
tain damage from nymphs than a short 
regrowing plant. 

"If adult leafhoppers are present on 
the regrowth at a density of about one 
insect per three or four sweeps with a 
standard net , the farmer will suffer a 
loss due to the nymphs that will later 
be produced:' says Radcl iffe. 

He advises farmers to wait to apply 
insecticide until the regrowth starts , 
and then to use it only if the number 
of potato leafhoppers exceeds the 
threshold . Otherwise the cost of the 
insecticide may outweigh the control 
benefit. As the alfalfa grows , the 
threshold for the insect rises as well. 

Leafhoppers often migrate from 
alfalfa to neighboring potato fields. 
"Insecticide is routinely applied to 
most of the potato crop;' says Rad
cliffe, "and losses are minimal when 
sprays are applied in a timely manner. 



But if they're poorly timed or nothing Leslie Lindor and Richard Vatthauer, 
is done, the potential for loss is part of the plast ic tubing is being 
tremendous. installed with a machine that forms 

"For potato plants, the threshold is an underground cavity into which the 
roughly one nymph per ten leaves. You tubinq is placed, leaving only a narrow 
can quickly monitor the population by slit on the soil surface. Other methods 
picking leaves off plants in a field , of installation also are being tested to 
turning them over, and counting the try to minimize soil compaction around 
nymphs, which are always found on the tubing. " In certain types of soil;' 
the underside of the leaf;' Radcliffe Allred says, "compaction interferes 
explains . with optimal drainage:' 

Besides determining the economic Sandy soils sometimes require the 
threshold of the potato leafhopper, the use of a nylon "sock" on the outside of 
researchers also looked at various the plastic tubing to keep sand parti
schedules for spraying insecticides cles out of the drain lines. Laser 
and did a cost benefit analysis for beams are used by the installers to 
each chemical. insure that the tub ing is placed at the A trenching machine installs perforated 

plastic tubing at the West Central Experiment proper grade. -Greg Doerning Station, Morris. Tubing also was put in with a 
trenchless plow, or mole. Measurements of Measuring equipment placed in 

TESTING PLASTIC TUBING FOR the water collected will determine whether underground manholes will tell the 
soil compaction is a factor with theARTIFICIAL DRAINAGE researchers how different lines handle trenchless system. 

How to drain excess moisture from the flow of water. 
croplands more efficiently and at less easier to install, and in the small diam Allred and his associates also 
cost to the farmer is the subject of a eters plastic tubing is cheaper than are using a computer model called 
research project now under way at the either clay or concrete tile. DRAINMOD to help make decisions 
University's West Central Experiment Because plastic tubinq is relatively about, for example, spacing of under
Station at Morris. new, not enough is known about it. "It ground drain lines. DRAIN MOD con

Artificial drainage of cropland has apparently will last as long as, if not siders factors such as soil characteris
been practiced in Minnesota for about longer than, most concrete or clay tile tics, climate, and crops to improve 
75 years, mostly with concrete and and it seems to be performing well ;' drainage planning and design. 
clay tile systems.Today about 6 million says Allred, " but there are some "Some folks believe not draining 
acres in the state are under art ificial things we're not sure of yet:' saturated soils will provide needed 
drainage, according to agricultural The research project under way at moisture during late-season droughts;' 
engineering researcher E. R. Allred. the Morris station is designed to test Allred says. "But crop roots grow 

Minnesota farmers started switch the durability of the plastic tubing, how deeper in drained soils , and a crop 
ing to plastic tubing for underground it reacts to various soil types , and how it with deep roots is better able to 
soil drainage about 10 years ago. In can be installed efficiently and cheaply. survive during periods of drought:' 
most instances, plastic drain lines are With the help of Morris researchers -Dave McAllister 
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