


ForAgricultural Research: 
Changes and Challenges Ahead 
C. EUGENE ALLEN, Dean of the 
University of Minnesota College of 
Agriculture, has a more than passing 
interest in the future of agricultural 
research. And he is in a better posi
tion than many to take a look at 
changes ahead. 

Allen sees that many changes 
in our culture affect agriculture and 
agricultural research-from the launch
ing of sputnik in 1957 which spurred 
growth in computers and scientific 
instrumentation, to the growth of fast 
food outlets, which has changed 
Americans' eating habits and pre
ferred food products . 

Changes like these demand 
research responsiveness, which 
becomes both increasingly difficult 
and increasingly necessary when 
facing tight funding, and an audience 
that is growing more selective and 
more complex all the time. Allen 
makes these predictions about the 
future of agricultural research: 

We are still going to be 
, involved in productivity research, but 

we're going to have to be involved in 
other kinds of research too. "Some 
of our research is going to have to 
focus on how we decrease the inputs 
that are going into agricultural 
production," Allen says. "In the future, 
for example, we will be doing more 
research on ground water quality, 
soil erosion, and the preservation 
and maintenance of our natural 
resources." 

Research will be increasingly 
more expensive. "That is because the 
tools to do it well are getting more com
plex and expensive. Also, it's been esti
mated it costs four or five times more to 
support a scientist who is doing basic 
research than to support one doing 
applied research," Allen says. 

Demands on the researcher will 
increase. "In the past we had scien
tists who made big contributions to 
research productivity as generalists," 
he says. As an example Allen cites 
Andrew Boss, an animal husbandman 
who was vice director of the Minnesota 
Agricultural Experiment Station in 
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C. Eugene Allen , Dean of the College of Agriculture, comments on the future of agricultural 
research . 

1917. 'Andrew Boss was involved in 
farm management, in some of the 
early development of plant breeding, 
and he was also the first individual 
to be involved in meat research . 

"Since then , there has been 
such an explosion of knowledge that 
no one person can master it all, and a 
scientist cannot be on the cutting edge 
of research as a generalist. As a result 
we have a lot interdisciplinary research 
going on right now. For example, our 
plant molecular biology program is 
both a College of Biological Science 
and a College of Agriculture program, 
with individuals from five departments. 

One of our projects in reproductive 
physiology involves some scientists in 
the medical school. In other research, 
the Department of Agricultural 
Economics is working jointly with the 
Humphrey Institute." Interdisciplinary 
research demands researchers with 
people skills and more complex 
project coordination skills, Allen 
points out. 

Striving for "optimum" rather 
than "maximum" will best describe 
production research. "I think 
optimum will be the word of the future 
rather than maximum in agricultural 
production , because there are too 
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many things going against maxi
mum-ranging from costs of inputs 
to environmental concerns. And 
I also believe that farmers today are 
trying to do things too similarly. We 
will need to develop good models to 
be able to demonstrate that what is 
appropriate for a particular farm may 
not be appropriate for another. So two 
farmers may not raise corn in the 
same way. They may do thing s a little 
differently, to optim ize what is best 
for their individual situat ions." 

Agricultural research is going 
to have to have more impact on 
policy making. Allen believes the 
communication between research ers 
and policy makers needs improve
ment: " Politicians must become 
much more aware of what researc h 
demonstrates before making deci
sions on pub lic policy. There are so 
many things that directly relate to 
agriculture including tax policy, trade , 
fiscal, and transportation policy. I think 
we need to reach out to make policy 
makers more aware of what is know n, 
and I think they need to be willing 
to ask, and to reach out for 
our information." 

Allen believes that the coming 
years will bring exciting opportunities 
in agricultural research, for example , 
new opportun ities for progress in 
biotechnology. But this optimism is 
tempered by the realization of how 
much agriculture is affected by global 
issues. " Because of the farm crisis 
and also for other reasons, we are 
already aware that what we do in 
agriculture is not just determined by 
what happens in Minnesota, or the 
region, or the United States, but is 
influenced by international events. 
Policies in other countries will have 
an impact on the decis ions that our 
producers and our agribusinesses 
are going to have to make. 

"So our world has become 
very small," Allen says. "The individ
ual who works in agricultural research 
will have to have a much more inte r
national perspective as well: ' 

-Jennifer Obst 
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An Entomologist Gathers 
Clues to How InsectsThrive 

ENTOMOLOGIST MARION BROOKS
WALLACE has spent 35 years looki ng 
closely at what most people avoid, 
swat at, and dislike: the pests and rav
agers of crops and picnics alike. 

She has studied many species 
of insects , including mosq uitoes, 
leafhoppers, forest tent caterpillars, 
cabbage loopers, and cockroaches. 
Her work illustrates that research is 
not a tidy record of steady progress, 
but rather a challenging process full of 
tangents, frustrations, dead ends, and 
sudden discoveries. Over the years 
she has made discoveries that are of 
interest to biologists, plant patholo
gists and biochemists and that are of 
potential value to both crop production 
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and human health. 
Her research has focused on the 

microorganis ms-both beneficial and 
pathogenic-that exist inside many 
insects. Eventual microbi al control is 
an important facet of integrated pest 
management. But it can be attempted 
only after enou gh basic research has 
been done on the physiology and 
innate immunity of insects. 

"The microorganisms inside 
insects may be bacteria, fungi or pro
tozoa. These little one-celled things 
are assoc iated with insects in ways 
that we don' t appreciate. Because they 
themselves are so small , we don't 
realize that these bugs have lesser 
bugs," Brooks-Wallace says. 

Understanding the beneficial 
microorganisms that live inside the 
insects' cells and called symbiotes, 
may lend insight on nontoxic control 
of insects. Symbiotes in insects were 
discovered in 1883, "and one hundred 
years later, although we find these 
microorganisms in more and more 
insects , we still don't know very much 
more about them ," she says. 

Rearing Insects in the Lab 
The first cha llenge to studying 

these microorganisms-or any aspect 
of insect life in the laboratory-is to 
rear the insect on an art ificial diet. But 
finding an artificial diet that will sustain 
insects is a challenge. It is not that the 
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Even close up, external examination of the brown cockroach provides no clues as to how this 
creature may add to Bclentlsts' understanding of cancer-those clues are inside Its cells . 

A normal perspective of this mosquito (also 
shown on front cover) that Brooks-Wallace 
grows year round in a hot, humid chamber 
that resembles conditions in a Minnesota 
swamp. 

metabolism of insects is so fragile , 
Brooks-Wallace points out , but that 
insects have such stereotyped behav
ior. Some species, like armyworms, 
will eat a wide variety of th ings, while 
some have only one alternative host 
plant. As a rule they eat only the food 
that was their first food after hatching. 
" If you wait until they have eaten a 
little bit after hatching and then move 
them to a different leaf, for example," 
she says, " they will starve to death ," 

Besides freeing researchers from 
having to gather leaves or other plant 

food daily, feeding insects defined and 
known chemicals insures that insects 
raised from disease-free eggs are 
healthy. Brooks-Wallace has success
fully raised not only leafhoppers and 
other insects, but also one strain of 
mosquito on artificial diets in the 
laboratory, where she could study 
the physiology of the insects 
under controlled conditions. 

Tissue Culture the Next Step 
Symbiotes playa unique role 

in insect health . "There are certain 
bacteria and yeasts in the tissues of 
many spec ies of insects that take the 
place of our liver and kidneys and 
pancreas," she says. 

We humans have some
what similar organisms that live in 
our intestines and aid in digestion. 
" But these symbiotes in insects live 
inside the cells. That's a significant 
difference because anything' that lives 
in the gut can live outside it as well. 
Those organisms can usually be 
cultured in flasks, but the ones that 
live in the cell have an altogether 
different environment much of which 
we don't understand," she says. 

Brooks-Wallace realized that 
to analyze the benefits of the micro
organisms to the insects she had to 
be able to culture them. "We could, 
and did, take a lot of cockroaches, 
for example, and grind them up and 
centrifuge out the symbiotes. But 
of course we killed the cockroaches 
in the process," And the symbiotes, 
once outside the cells , begin to 
degrade very quickly. 

Growing the insects on artifi
cial diets was one thing. Growing the 
symbiotes in the laboratory proved to 
be an altogether different challenge. 

A Clue to Cancer 
This difficult search did, how

ever lead to a discovery. While cultur
ing cockroach cells Brooks-Wallace 
and her graduate students found 
that the cockroach cells transformed 
themselves over time exactly the way 
mammalian cells do. "Mammalian 
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cells change in culture and become 
malignant. The way you find out is to 
inject some of those cells back into the 
animal-researchers use mice. So we 
injected the cultured cells back into 
cockroaches, and the cell s clumped 
together and multiplied like crazy, 
forming tumors that killed the cock
roaches ." Brooks-Wallace thinks this 
discovery may be a new laboratory 
tool for looking at cancer in human 
cells . It may indicate a way to look 
at the conditions in culture or in 
the environment that create this 
malignant transformation , and what 
could be done to prevent the cells 
from transforming . 

Despite this discovery, the 
researchers have not attained their 
final goal : "We got into the tissue culture 
business as a means to propagate 
some of these intracellular organisms. 
We can grow viruses in the cells and 
we can grow protozoa in the cells, but 
I'm sorry to say that at the close of my 
career we haven't yet been able to 
grow the symbiotes." 

This failure, however, provided 
Brooks-Wallace with a clue to the 
purpose of these symbiotes. "When 
we cultu re these insect cells, we put 
into the culturing medium everything 
good imaginable, and I think that's 
what turns off the symbiotes." In other 
words, artificial rearing provides too 
much of a good th ing: the laboratory 
environment doesn't correctly recon
struct the stresses of real life for the 
insect. For, if the insect is stressed by 
inadequate food, the symbiotes are 
stimu lated to mult iply, 

" In all cases where we have 
removed the symbiotes from the insects 
by feeding them antibiotics, we found 
that the insects wouldn't live unless 
they had access to better food. The 
symbiotes allow the insects to live 
on less. They might also break down 
toxins and alkalo ids in some plants to 
make them tolerable to the insect," 
she says. Other research suggests 
that symbiotes play an important role 
in reproduction for many species. 

"We have been raising a strain 
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German cockroaches congregate, eat and reproduce in another growth chamber in the 
Brooks-Wallace lab. 

of mosquitoes that have ricketts ial 
symb iotes in their gonads. If we 
destroy the rickettsia in the female 
insects by feeding them ant ibiotics, 
they lay the ir eggs but the eggs never 
hatch. Unt il the mechanisms of this 
effect are understood, the pract ical 
application of such information 
remain s far away," she says. 

Another fortuitous accident led 
Brooks-Wallace to another discovery. 
Even though raised on an artificial diet 
and fed antibiotics, some mosquitoes 
thrive d nevertheless. She discovered 
that the antibiotics her assistants were 
feeding the insects to destroy the sym
biotes had been contaminated by a 
bacterium, probably in packaging , and 
that bacterium was a nourishin g food 
for the mosquitoes. " Now I want to 
pursue that a little bit. Do these 
mosquitoes need a great variety of 
bacteria , or can they live in the wild 
if there is only a particular species of 
bacterium present? If so, we may have 
a clue for their containment. Th is 
species breeds in po lluted water. 
Perhaps if we were to filter, aerate , 
or purify the water that is the ir 
natural breeding ground the 
mosquitoes couldn't survive. 

The closer you look at the 
unique survival mechanisms and 
complex physiology of insects the 

Her studies of the microoganisms inside 
mosquitoes and other insects has provided 
insights into the beneficial effects of those 
microoganisms. 

more you recogn ize the complexity of 
every growing thing. Brooks-Wallace's 
career illustrates that result s in basic 
research, though critical to achieve, 
are hard and long in coming. Only 
with complete understandin g can 
the applied work begin . 

-Jennifer Obst 
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Managing Risk: a Balancing Act� 

Vernon Eidman (center) along with Rick Weldon (left) and Hans Andersson review economic 
forecasts for the future of their model farm . The computer allows them to predict the future 
usi ng many different variables. 

NO DOUBT ABOUT IT, farm ing has 
always been a risky business. And it 
has never been riskier than it is today. 
In response to a growing need , ways 
are being developed to help farmers 
manage some of that risk and plan 
for the future with more confidence. 

According to Vernon Eidman , 
one Experiment Station agr icultural 
economist who has been involved in 
financial management research for 
the last 25 years, "The environment 
in which farming takes place-the 
economic, political, social, techno
logical, and physical conditions- has 
changed drastically, creating more 
risk for farmers than ever before." 

Some important influences 

Eidman mentions are deregu lation of 
the banking industry, which resulted in 
higher and more flexible interest rates; 
integration of Amer ican agriculture 
into world markets, which provided 
new marketing opportunities but also 
made Amer ican farmers vulnerab le to 
commodity price and exchange rate 
fluctuations; and lessen ing political 
support for a minimum floor price 
for farm products . 

Eidman believes that farmers 
faced with such uncertainty need 
financial management tools to under
stand where they stand financially, 
to determine where they want to be, 
and to evaluate alternatives for 
getting there. 

Getting a handle on the risks 
involved in various tradit ional and 
not-so-traditional alternat ives related 
to financ ing, pricing , and production, 
and developing strateg ies that balance 
those risks are the goals of research 
currently being conducted by Eidman 
and graduate students Hans Anders
son and Rick Weldon . 

With a computer run that takes 
only a few seconds, the researchers 
have simulated the operation of a farm 
in Cottonwood County for seven 
years-from 1983 to 1989. The farm, 
which produces corn , soybeans, and 
hogs, is the first of several types of 
Minnesota farms they will analyze 
using a model created by the 
Econom ic Research Service . 

Although the computer run takes 
seconds , develop ing the model and 
collecting the data took months. The 
kind of data the researchers needed 
to input included production history ; 
long-term, intermediate, and short
term debt ; interest rates; and value of 
land , buildin gs, livestock , machinery, 
and inventories. The Cottonwood 
County farm was chosen because 
well-documented information on pro
duction costs and yields was available 
and it represented one common type 
of family farm operation. Medium
and large-scale dairy farms will 
be analyzed next. 

The Computer 
Simulates Farm Risks 

The analysis is based on the 
economic conditions expected to pre
vail over the rest of the decade. The 
macro economic variables-the 
inflation rate, the exchange rate and 
the interest rate-are obtained from 
the Wharton economic model. Since 
the agricultural policy for 1986 to 
1990 is being debated right now by 
Congress, the analysis is being com
pleted for estimated commodity prices 
that are expected to prevail with each 
of three agricultural policy scenarios: 
1)the current federal farm program, 
2) something closer to a free market 
program with lower price supports 
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and no deficiency payments, and 
3) a higher level of support with a 
return to 80 percent of parity and 
cutback in number of acres planted. 
The estimates of commodity prices for 
these three policy scenarios are being 
prepared by the Food and Agricultural 
Policy Research Institute, University 
of Missouri-Columbia and Iowa State 
University. 

The Cottonwood County farm 
is being analyzed with each of three 
beginning debt /asset ratios : 0.7, 0.5, 
and 0.3. Many farmers now in finan
cial trouble have ratios of 0.7 or more, 
Eidman says, meaning that their debts 
equal at least 70 percent of their assets. 
Their ratios have been adversely 
affected by declining land values 
which Eidman estimates are only 
50 to 65 percent of what they were 
in 1981 , so the ratios themselves only 
tell part of the story. The researchers 
will consider several combinations of 
owned and rented land for each debt/ 
asset ratio. This will enable them to 
contrast the importance of the amount 
of debt with the debt/asset ratio on the 
financial success of the business. 

New Solutions May Be Necessary 
Analyzing the three beginning 

debt/asset levels for each of the three 
agricultural policy scenarios results 
in nine situatio ns under which the 
researchers can " run" a farm through 
1989. Within each of the situations, 
they are looking at strategies for 
managing risk that may clash with the 
farmer's traditional ways of thinking. 
Old solutions can't be counted on to 
solve the problems farmers face today. 

For example, Eidman says, it is 
unlikely that in the future farmers will 
be able to own as much of the land 
they farm as they do today. Buying 
land that would appreciate was a way 
of gaining net worth in the past, but it 
isn't feasible now. Farmers may have 
to consider selling and leasing back 
their land, and farming fewer acres 
than in the past or renting more acres . 
"It's ironic," Weldon remarks, " that just 
a few years ago we concentrated on 
how a farm could grow, and now the 
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Should farmers continue to own as much of the land as they presently do? Should they 
lease? Eidman's computer model will provide some answers to farmers plotting their financial 
strategy. It may also aid policymakers in determining what course to take with farm 
legislation. 

best strategy may be to shrink." 
The effect of pricing strate

gies on risk is also being considered . 
Under what conditions will hedging be 
advantageous? When will it be best to 
sign a cash contract with the local 
grain elevator at a set price? 

A farme r may try to offset 
increased risk result ing from using 
larger amounts of borrowed funds 
by decreasing production risk-pos
sibly by changing pest management 
programs or tillage systems and 
diversifying with livestock. " We're 
trying to develop combinations of 
pricing, production and financing 
strateg ies that reduce the total risk 
to a level farmers can manage with 
the price levels and variability we 
expect to prevail over the rest of 
the decade," Eidman explains. 

The analysis will provide guide
lines farmers can use in selecting 
production, pricing and financial 
strategies when planning for the 

future. The study will provide projected 
outcomes for alternative strategies for 
each beginning financial situation. 
"This approach provides an oppor
tunity to experiment with different 
alternatives before actually 
trying one," says Eidman. 

Agricultural policymakers also 
will benefit. In addition to considering 
the three commodity policy alterna
tives , the researchers plan to consider 
issues such as interest expense 
subsidies, loan deferrals, and 
property tax relief. 

Aids for financial management 
have been available for some time, 
Eidman says, but not many farmers 
have used them. He predicts, 
"Farmers will survive and even 
prosper in the coming years, but 
to do so they'll have to rely on 
more financial planning and they 'll 
have to manage risk effectively." 

-Sharon Farsht 
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Building Character to Make Barley Better� 
IT IS DEPICTED in the tombs of the 
ancient Egyptians. It is mentioned in 
the Bible. Records of its cultivation 
go back 7000 years. Without a doubt, 
barley was one of the world's earliest 
cultivated crops. What more can be 
learned about this ancient grain? 
Plenty, according to Minnesota Agri
cultural Experiment Station agrono
mist Donald C. Rasmusson . 

"The excitement and challenge 
of barley research is that although 
so much is known, even more is un
known," Rasmusson says. "There 
is still a tremendous opportunity for 
improvement in yield , quality, and 
disease resistance." 

Asthe Experiment Station faces 
its second hundred years, much of 
its research will continue to carry 
on strong traditions like that of the 

barley breeder who, working with 
a heritage of many thousand years, 
continues to make improvements 
based on genetic change. 

Improvement in barley production 
is especially important for Minnesota, 
which ranks second among states in 
malting barley production and fourth in 
total production. In 1984,61.75 million 
bushels were harvested, surpassing 
the previous record of just under 60 
million bushels, set in 1935. 

Rasmusson originally came to 
Minnesota from California to, as he 
puts it, "learn a little plant breeding 
for a year or two." That was in 1958, 
and he's still at it. The emphasis of his 
research has been on breeding new 
barley varieties. Although developing 
new varieties is still the major focus of 
barley research at the Agricultural 

Experiment Station, it has been joined 
in recent years by a second, related 
area of research: identifying individual 
plant traits that affect grain yield. This 
research, Rasmusson believes , 
holds a lot of promise. 

Searching for Ideal Traits 
For a long time , Rasmusson says, 

plant breeders talked about "yield 
plateaus," the assumption that barley 
and other grains were fast attaining 
their maximum possible yields. But , 
Rasmusson points out , the gains in 
yield continue and there's no end in 
sight. In 1935, a record year for total 
bushels of malting barley harvested 
in Minnesota, the average yield was 
25.5bushels per acre. By 1981,yield 
was 56 bushels per acre, and in 1984 
it reached 65 bushels per acre. One 
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factor that could contribute to even 
higher yields, Rasmusson says, is the 
development of an " ideotype." 

An ideotype is the plant form 
that is ideal for achieving high yield . 
Certain traits in barley such as head 
number, kernel number, and grain 
weight are known to contribute to 
yield, but an ideotype for these traits 
has not been established. Moreover, 
there are other traits that have never 
been studied in terms of their contri
bution to highe r yields. The goals of 
ideotype research are to identify 
yield-related morphological and phys
iological traits and to evaluate whether 
they should be incorporated into 
a breeding program . 

Rasmusson's ideotype research 
team is studying 15 barley characters. 
Among the specific characters under 
investigation are leaf area duration, 
grain-filling period, kernel number 
and size, tiller number and mortality, 
plant height, stem diameter, leaf size, 
leaf angle, biological yield, and 
harvest index. 

Research on each character 
involves several steps. First the 
researcher selects those characters 
for which there is expectation of an 
impact on yield. The next step is to 
search for genetic diversi ty for each 
character. Sometimes it is difficult to 
find enough genetic variation to 
justify a research effort. 

The next step- and the most 
demanding part of the research-is to 
incorporate genet ic diversity for each 
characte r into a good genetic back
ground. Some desired traits occur 
in exotic, unimproved stocks and a 
labor ious breeding program for 
each character may be necessary 
to eliminate deleterious linkages, 
says Rasmuss on. 

The final step is to evaluate the 
potential worth of a character in con
tributing to high yield and to identify 
optimum character combinations 
and cultural practices. 

So far, much of Rasmu sson's 
ideotype research has concentrated 
on the preliminary steps-searching 
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Identifying individual plant traits that affect 
barley yield is the basis of ideotype research 
being carried out by station agronomist 
Donald Rasmusson . 

for geneti c variat ion and doing the 
inheritance studies of ideotype char
acters. Six chara cters have been 
studied in further detail , with some 
surprising results. For example, it was 
expected that short stature, which is 
an important factor in improving the 
yield of wheat and rice, also would 
have an impact on barley yield. But 
the research team discovered that 
this character did not improve barley 
yield, although it did improve lodging 
resistance. Another finding was that 
" lengthening the grain filling per iod 
at the expense of the vegetati ve per
iod did not increase grain yield :' 
Rasmusson says. 

High tiller number and erect leaf 
characters did improve yield but were 
found to be associated with negative 
yield characters and so the ir value 
is still unresolved . 

Developing New Varieties 
Although improving yield is the 

focus of ideotype research , it is by no 
means the only subject for barley 
breeding research in Minnesota. 
Improved quality and disease resis
tance also are important factors in 
developing new varieties. 

Morex, which replaced Larker in 
1979as the leading Minnesota barley 
variety, has been one of the most 
successful barley varieties developed 
by the Experiment Station. Morex has 
yielded an average of seven more 
bushels per acre than Larker. This 
translated into an extra $54 million for 
Minnesota farmers for the six year 
period 1979to 1984. In addit ion, Morex 
has become the standard of quality in 
the malting and brewing industry. 

In 1983, Robust, a new variety 
developed by a research team headed 
by Rasmusson and plant pathologist 
Roy Wilcoxson, was released. It was 
approved in 1984 for use as a malti ng 
barley by the American Malting Barley 
Associ ation and has been so well 
received by growers that it replaced 
Morex in 1985 as the most widely 
grown malting barley in the 
United States. 

It took 10 years to develop the 
variety Robust. One of the goals of 
current research is to shorten the 
development time for new varieties. 
To facilitate this effort, fall and winter 
plantings are being done in glass
houses on the St. Paul camp us 
as well as in a nursery in Texas. 

Developing new varieties 
is a cooperative effort, Rasmusson 
emphasizes. He works not only with 
plant pathologists and agronomists in 
Minnesota, but also with breeders in 
other states and other countries as 
well as with the malting and brewing 
industry and the USDA. Through their 
joint efforts, he believes that future 
research will continue to increase 
barley yields and to increase the 
reliability of barley production . 

-Louise Jones 



heep Research May Help Solve 
Reproductive Problems inCattle, Swine 

(Top) Animal scientist Jon Wheaton has 
succeeded in getting ewes to produce three 
crops of lambs in two years, rather than the 
usual two . He is running production trials on 
10farms this year, (bottom) comparing the 
effectiveness of two devices which release 
hormones that stimulate ovulation. 

RESEARCH INVOLVING ONE SPECIES 
often leads to scientific breakthroughs 
that benefit other species. 

Animal scientist Jon Wheaton's 
research may be a case in point. 
Wheaton, who does reproducti ve phys
iology research for the Minnesota Agri
cultural Experiment Station , is trying to 
find ways to get sheep to breed out of 
season. In the process, he may do 
some of the basic research needed 
to solve reproductive problems that 
plague swine and cattle producers. 

Almost all domestic breeds of 
sheep breed seasonally. In northern 
latitudes, ewes come into estrus or 
heat from mid-August to mid-February, 
when the nights are long enough to 
activate their reproductive systems. 
Short nights keep them from coming 
into heat the rest of the year. 

Minnesota sheep producers are 
industry leaders by some measures. 
Thanks to them, Minnesota has one of 
the higher lambing rates-1 41 lambs 
born per 100 ewes-among major 
sheep-producing states. (The nat ional 
rate is a paltry 99 lambs per 100 ewes.) 

One reason our lambing rate is so 

high is because many producers have 
incorporated Finnsheep blood into 
their stock. Finnsheep, first imported 
in 1968 by University of Minnesota 
animal scientist Bill Boylan , produce 
as many as five lambs in one lamb
ing. Part-Finn ewes often bear twins 
or triplets . 

Intensive Management Needed for 
Successful Out-of-Season Breeding 

"The industry here consists mostly 
of small, well-managed flocks," Wheaton 
says. "Lambs receive the attention, 
nutrition, and environment they need 
to survive and thrive. Small farm 
flocks provide an opportunity to intro
duce out-of-season breeding methods 
because they are managed intensively, 
which is what it takes for success. 
What we'd like to do is shorten the 
interval between lambings, to get three 
lamb crops in two years instead of the 
usual two. Studies have shown the 
ewes bred out of season stay produc
tive as long as ewes that lamb only 
once a year." 

Ewes of most common breeds 
seldom achieve their full uterine 
capacity. Most are able to nourish 
without hardship two-and sometimes 
three-times as many fertilized eggs 
(ova) in a single pregnancy as they 
normally do. Sheep are unusual in 
this respect. Only one calf usually 
develops when a cow ovulates more 
than one egg , and sows of many 
breeds of swine produce at most 
12 or 13 piglets, no matter what is 
done to increase litter size. 

Wheaton has looked at several 
ways to get ewes to breed out of sea
son. He explains this involves two 
phases: "In the first, we give proges
terone, the 'pregnancy hormone,' or 
one of its analogs to the anestrous 
ewe to bring about changes in her 
uterus essential for the nourishment, 
development, and implantation of fer
tilized ova. In the second phase, we 
give her gonadotropins, hormones that 
stimulate the growth of follicles on the 
ovaries . This brings about estrus, or 
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breeding behavior, and the shedding 
of the ova, or ovulation ." 

Using Only Endogenous Hormones 
May Speed FDA Approval 

Wheaton first used progestogens, 
extra-potent, synthetic analogs of pro
gesterone, in his research. But now 
he's trying to use only endogenous 
hormones, which occur naturally in 
sheep, because this will expedite 
approval of the treatment(s) he finds 
most effective by the Food and Drug 
Administration (FDA). 

He says, "The FDA has more or 
less given us the green light ; they've 
approved all our requests to use 
endogenous hormones in trials in the 
hope of generating data that will allow 
those materials to be approved. 

"In the past, we tested progesto
gens by applying them with sponge 
pessaries. Now, because we're trying 
to use progesterone instead of one 
of its analogs to facilitate approval 
by the FDA, we need to find another 
application device. The sponges won't 
work with progesterone because the 
hormone 's not released long enough 
in the strength that's needed . One 
device we're excited about is the con
trolled internal drug release (CIDR) 
dispenser. This is a pessary made of 
rubbery mater ial that's easily inserted 
and removed and does not cause an 
undesirable build up of flu ids in the 
reproductive tract as do the sponges. 
Once inserted, it releases proges
terone, which is absorbed through the 
vaginal wall , into the bloodstream ." 

Wheaton will run production trials 
on 10 Minnesota farms this spring. 
Half of the 40 ewes on each farm will 
receive sponges containing a proges
togen and half will receive CIDR 
dispensers containing progesterone. 
He hopes the CIDR dispensers will 
prove to be the more effective as they 
were in trials overseas. They release 
progesterone similarly to the way a 
ewe's body produces the hormone 
during the luteal phase: progester
one levels rise for two or three days, 
plateau for six or seven, then decrease 
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rapidly over a day and a half. Their 
cost is attractive , too; the New Zealand 
firm that is patenting the device says it 
will cost about one dollar. 

At first, Wheaton used preg
nant mare serum (PMS) to provide 
gonadotropins, the hormones that 
stimulate ovary growth . But he's 
switched to gonadotropin-releasing 
hormone (GnRH) , which , like proges
terone, is inexpensively manufactured 
in pure form and is nonantigenic, 
unlike the gonadotropins from PMS. 
Wheaton and other scientists have 
found that if GnRH is applied in low 
amounts continuously over two days 
instead of in pulses (as occurs natu
rally), a ewe's follicles will develop, and 
she will come into heat and ovulate. 
Wheaton has used osmotic mini
pumps inserted under the skin to 
administer GnRH , but these cost 
about $10 each and are difficult to 
locate for removal. 

Time-Release Capsules May 
Simplify Treatment 

Now he's hopeful that a large 
Minnesota manufacturing firm will 
help simplify things. The company is 
developing a way to microencapsulate 
GnRH in biodegradable polymers of 
varying thickness. The resulting 
"microspheres" would be tiny enough 
to inject. They would biodegrade at 
different rates, releasing a low level 
of GnRH over a two-day period . 

Says Wheaton , "It is promis
ing, when you get a large company 
interested in an agricultural market. 
They have the resources to develop 
products and get them approved. The 
sheep industry doesn't have enough 
money to underwrite such research 
and development. 

"GnRH has already been 
approved for other uses, such as 
getting dairy cows to ovulate cystic 
follicles so they can be rebred . I'm 
hoping this will result in a simple 
system: insert a CIDR dispenser con
taining progesterone, remove it, give 
an injection of GnRH microspheres, 
and then the ewe's ready to breed." 

Wheaton also wants to super
impose two other treatments on the 
progesterone and GnRH treatments in 
hope of improving ewe response and 
getting more lambs per pregnancy: 
feeding melatonin and managing 
rams for maximum effect. 

Sheep are very sensitive to 
photoperiod. Their pineal glands 
produce melatonin, a hormone, in 
response to darkness. Long nights 
cause more melatonin to be produced. 
This fine tunes the internal rhythm that 
predisposes sheep to seasonal breed
ing. In doing so, it synchronizes the 
onset of estrus and increased sperm 
production. 

Melatonin is inexpensive to syn
thesize, and it is about to be marketed . 
in Australia and New Zealand. "Mela
tonin has a unique feature ," says 
Wheaton . "When it's sprayed on feed. 
and ingested, it passes readily 
through the walls of the rumen in 
the bloodstream. 

" Say we feed melatonin at 4 p.m. 
It's absorbed and stays in the blood
stream two or more hours, lengthening 
exposure to the hormone and making 
the animal 'think' that the nights are 
long. This stimulates its reproductive 
system. One can extend the breeding 
season with melatonin only four to six 
weeks. By the time ewes lamb in 
February or March and lactate for 60 
days, it's May, and they won't cycle, 
even with melatonin. But we think 
we can enhance their response to 
progesterone and GnRH by feeding 
them melatonin. 

"The other thing I want to look at 
is the stimulatory effect rams have on 
ewes, the 'ram effect.' When ewes are 



Wheaton's research will soon help Minnesota rroducers increase the reproductive rate of 
their sheep at a reasonable cost. Perhaps bee cattle and swine will be next. 

isolated from rams for a while and combined with melatonin and opti�
then exposed to them, the levels of mal ram management, might give a� 
gonadotropic hormones in their bodies super response.� 
rise in response to pheremones pro "So we're going to test the pro�
duced by the rams. We think that GnRH , gesterone-which you must have� 

to develop the reproductive tract
GnRH, melatonin, and the ram effect 
independently. Then we're going to 
find the combination of treatments 
that gives the greatest response:' 

Research May Shed 
Light on Anestrous Problems 
in Cattle, Swine 

Animal scientists Jay Meiske 
and Ron Moser hope that Wheaton's 
research will facilitate their research 
into problems of anestrus in beef catt le 
and swine. 

Meiske says possible appli
cations might be to shorten the 45-dayor 
longer period that a cow is anestrous 
after calving or to help synchronize 
estrus among cows. This would make 
artificial insemination (AI) more prac
tical because it would reduce the time 
needed for heat detection, eliminate 
the need for follow-up breeding, and 
shorten the breeding season . It might 
mean that the beef industry would 
benefit from increased use of supe
rior sires through AI as the dairy 
industry has, and that producers 
would get more calves from their 
herds in less time. 

For Moser, the payoff might be in 
finding a way to eliminate the problem 
in lactational or post weaning anes
trus . Normally, a sow is anestrous 
while she nurses piglets and three to 
five days after she stops suckling 
them . But this anestrous period can 
last much longer. It may be a week and 
a half or much longer before sows, 
especially first-litter sows, come into 
estrus. Pork producers have a great 
deal of money tied up in buildings, 
equipment, stock , feed, and borrowed 
capital. When a sow doesn't recycle 
within three to five days after her 
piglets are weaned , it costs the pro
ducer extra money and complicates 
scheduling and marketing. 

In the final analysis, Wheaton's, 
Meiske's and Moser's research may 
mean increased profits for Minnesota's 
livestock industries. 

-Sam Brungardt 
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The Progress ofthe Pig� 
IF YOU TAKE a look at the Minnesota 
prize-winning pig of 1916and compare 
it to an example of today's animal, you 
can see the changes that have been 
made over many decades of swine 
research. The champion pig in the 
early part of the century was a fat "cob
roller:' Since then , animal research 
has introduced crossbreeding, and 
improved swine performance with 
research on disease resistance, 
health and diet , management sys
tems and reproductive efficiency. 

As experiment station swine 
breeder William E. Rempel points 
out, the purebred philosophy of animal 
breeding reigned supreme from the 
time the first registered animals were 
imported in the 1800s until about 
the 1950s. In fact, when University of 
Minnesota Agricultural Experiment 
Station animal scientist L.M. Winter 
recommended crossbred pigs over 
purebred for commercial production in 
1935, he provoked outraged reactions. 

Over the years, the superiority 
of the crossbred pig over the purebred 
was accepted , and the University of 
Minnesota research contributed three 
new breeds from crossbred founda
tions: Minnesota Number 1, Number 2 
and Number 3. The demand for leaner 
meat grew until the super lean pig of 
the late '50s became too muscled and 
therefore susceptible to stress syn
drome. Now scientists continue to 
research swine production and per
formance, seeking the best balance 
for lean tissue growth and the most 
efficient diet. 

1985 MINNESOTA SCIENCE/2 

1916 

1925 

14 



·I 
1950s 

1957 

1985 

Top photo, opposite page: Back in 1916 this 
was a champion Minnesota "cobroller" so 
nicknamed because of its diet. This prize pig 
illustrates the standards of the time-a pig 
that was more fat than lean. 

Next photo: Then lean became more 
popular. By 1925 the pig was starting to trim 
down. 

Top photo, this page: But the trend towards 
lean did not follow a straight line. During 
World War II lard again became a useful 
commodity. It was really in the middle 50s 
that meat type became emphasized. Mean
while, from the late 30s Into the 50s 
University of Minnesota Agricultural 
Experiment Station researchers developed 
Minnesota Number 1, Number 2 and Number 
3. The Minnesota #2 boar here shown was 
developed at the Northwest Experiment 
Station-at Crookston. 

Middle photo: Also in the 50s the 
development of the live backfat probe 
allowed selection for the reduction of fat. 
This Poland China was an example of the 
leaner animal, with a much higher percent 
lean and a much larger loin eye area. Over
selection for muscle produced pigs that 
were susceptible to porcine stress 
syndrome, however, so it was necessary to 
select for proper balance. 

Bottom photo: The modern crossbred pig is 
a good compromise between fat and lean. 
Ongoing with breeding research has been 
nutrition research. The diet of the modern 
pig is a far cry from the corn cob diet of the 
1917pig . Now researchers are working on 
efficiency of lean tissue growth-producing 
the best quality product on the optimum 
diet . Research on swine management and 
reproductive efficiency also continues. 
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Science Notes� 
UNIVERSITY OF MINNESOTA 
RELEASES HIGH-PROTEIN OAT 

Proat, a high-protein oat, has been 
released by the Universityof Minne
sota's Agricultural Experiment Station. 
It is the seventeenth oat cultivar to be 
released by the station. 

Agronomic scientist Deon 
Stuthman, who heads the station's 
oat improvement program,says, 
"Proat has high protein,high test 
weight and good disease resistance. 
It's asgood as we could want in per
acreproduction of protein, though it 
wouldbe nice if it yielded more. We 
think that Proatwill be especially 
useful to farmers who feed the oats 
they produce, and that millers will like 
its highbushelweight." 

Proat is a selection from a cross 
between Dal and Lyon made in 1973. 
It wastestedas Mn 79229. 

In the 27 trials conductedat 
Rosemount, Waseca, Lamberton, 
Morris, Crookston, and Grand Rapids 
overthe past five years, Proatyielded 
moreprotein per acre than any other 
oat. It alsoexceeded all namedentries 
in per-acre protein yield in 21 regional 
testsduring 1980 and 1981. 

Although Proatgrowsabout as 
tall as Moore, its lodging resistance 
is somewhat better. It has displayed 
good resistance to crown rust and to 
smut in Minnesotaand Wisconsin. 
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Proat is Minnesota's new high-protein oat. 

Proat heads relatively late, 
one day after Moore. For this reason, 
Stuthman says Proat will do better in 
the northern half of Minnesota, and it 
also holds promise for North Dakota 
and northern Wisconsin. 

The supply of Proat seed has 
been distributed to seed growers. 
Certified seed should be available 
to farmers after the 1985 harvest. 

COMPUTERIZED PROGRAM 
HELPSSWINE PRODUCERS 
IMPROVE EFFICIENCY 

PigCHAMp, a computerized record
keepingand analysissystem for 
swine breeding herds, is now avail
able to producersthrough the 
University of Minnesota's Department 
of LargeAnimal Clinical Sciences. 

Saysveterinarian Tom Stein, 
"PigCHAMP is a workable, reliable, 
flexible, well-documented and clearly 
structured computer system that can 
monitor production of the breeding 

herd. Fromthis, the usercan identify 
opportunities for improvingthe effi
ciency of the enterprise. The system 
enables you to know what's going 
on in the herd, yet keepsthe amount 
of informationyou need to record 
to a minimum:' 

Development of PigCHAMPwas 
funded by the Universityof Minne
sota'sGraduateSchool, Agricultural 
Experiment Station and Agricultural 
ExtensionService. 

Producerswho do not havecom
puters but want to use PigCHAMP 
can send the necessaryinformation 
to the Departmentof LargeAnimal 
Clinical Scienceson a weekly, bi
weeklyor monthly basis. The depart
ment mails reports to producers 
within five or fewerdaysafter receiv
ing the data. The charge is $1 per 
litter farrowed. 

Producersalsocan buy the 
PigCHAMP programfor use with 
their own computers. The program 
is written in PASCAL, which allows 
for creation of versionsof the pro
gram for 24 brandsof microcom
puters, including Vector Graphics, 
IBM PC/XT/AT and IBM-compatibles 
such as Compaq. 

Laterthis year, producers 
will be able to view the program 
on EXTENDcomputersat county 
extensionoffices throughout Minne
sotato get an idea of how it might 
help them improvethe efficiency 
of their enterprises. 
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