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)Looking Toward the 
Next 100 Years 

Dear Reader: 

The general sounds of jubila
tion you may be able to hear are the 
sounds of the Minnesota Agricultural 
Experiment Station celebrating its 
Centennial. Since this is something we 
can only do once everyone hundred 
years, you can forgive our enthusiasm. 

As part of that commemoration, 
a supplement to the last issue of this 
magazine reviewed the research 
accomplishments of the past 100 
years. However, a centennial is an 
occasion to look not only at the past 
but also at where we are now, and to 
speculate on the challenges and 
opportunities of the future. 

In this issue, we look at a sampl ing 
of current research projects which 
illustrate a few of the changing issues : 
In animal health care the wellness 
movement follows a similar move
ment in human health care.Environ
mental concerns have brought a new 
awareness to forest and peatland 
research . Genetics and molecular 
biology research has been a source 
of some remarkable research in the 
past years-one researcher looks at 
saving genetic diversity of crop plants 
for future research. Another looks at 
the shape of the family at different life 
stages, and continues to help us 
understand ourselves. 

Future issues of this magazine will 
continue to look at how the past 100 
years have changed us, what research 
is like now, and what it may be like for 
the next 100 years. 

Also, with this issue, we welcome 
some new readers to Minnesota Sci
ence. Experiment station research is 
important not just to those making 
their living on the farm and those 
working in agricultural-related jobs, 
but also to consumers, and to both city 
and rural town people. Toour readers 
who have been with us for some time, 
we cont inue to appreciate your interest. 
To those of you receiving this maga
zine for the first time, we look forwar. 
to introducing you to experiment 
station research and the benef its it 
provides to all Minnesotans. 
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• • Station Faces Its Second Century.
 
and Major Research Policy Issues
 
VERNON RUTIAN spends a lot of 
time thinking and analyzing data. It's 
all in a day's work for this University 
of Minnesota agricultural economist, 
who studies technical and institutional 
sources of change in agriculture for 
the Minnesota Agricultural Experi
ment Station. 

Ruttan's work has brought him 
very favorable notoriety : in 1984, he 
won the Alexander von Humboldt 
Foundation 's Award for Contributions 
to American Agriculture, in recogni
tion of his outstanding research in the 
economics of technical change, the 
theory of agricul tural development, 
and science and technology policy. 
Ruttan's research is particularly 
important for Minnesotans because 
it raises major issues that face the 
Agricultural Experiment Station as 
it enters its second 100 years. 

'~griculture is one of the few sec
tors of our economy that's been able 
to maintain its scientific and techno
logical leadership; ' Ruttan says. "But 
there are research policy issues that 
need to be dealt with if the United 
States is to maintain that leadership 
in aqriculture'' 

One of those issues is stagnation 
in funding under the Hatch Act. The 
act, which provides money to state 
agricultural experiment stations if 
the state contributes matching funds, 
made possible many of the advances 
in agricultural technology of the past 
50 years. 

Ruttan says, "More of the funding 
for research now comes from other 
than the traditional U.S. Department 
of Agriculture (USDA) source. There's 
been essentially no growth in USDA 
funding ; it's remained almost constant 
in real dollars since the mld-tseus'' 

Fewer USDA dollars mean less 
incentive for states to finance agri
cultural research. Nevertheless, 
many state legislature s-including 
~~innesota's-have chosen to fund 

research for the state's good. In 
IVlinnesota, federal funds now account 
for only 13 percent of the experiment 
station's funding and state appro-

Vern Ruttan, one of this country 's leading experts in agricultural research policy says, " There 
are research policy issues that need to be dealt with if the United States is to maintain leader
ship in agriculture: ' 

priations, 62 percent. Ruttan says 
that 's appalling in light of the large 
payoff from ag research and the fact 
that on the average half of this payoff 
from research benefits other states 
as well. 

So, today a researcher must gen
erate funds from outside traditional 
experiment station channels to main
tain a large portfolio of research proj
ects. Luckily, the funds available from 
private industry and foundations and 
federal agencies other than USDA-
as well as state legislatures-have 
increased . Most of these funds , except 
those from state legislatures, are 
directed toward basic research . 

Ruttan says that since they have 
less control over research funding , 
experiment stations may find it more 
difficult to direct the research of many 
scientists toward a long-term goal , as 
was the case in the Minnesota Agricul
tural Experiment Station's successful 
drive to move soybean production 
north of the trad itional production 

areas over the past 20 years. 
Why did Hatch Act funding fail to 

keep up with the need? 
First , Ruttan says, the role of 

technology in society has been 
questioned. "Some people viewed 
technology as responsible for the 
decline in rural communities and in 
the quality of rural life;' he says. 'They 
insist that it has generated unemploy
ment and forced people off the farm, 
and was directed toward helping agri
business and large farmers rather 
than family farms. 

" Recently, that criticism has 
become somewhat muted. The mood 
about technology has changed within 
the last five years. Since the recession, 
people see technology as a way to get 
us out of our economic problems:' 

There's some criticism, too, from 
the general scientific community that 
agricultural science is not even good 
science. They point out that some of 
the scientific discoveries that have 
made recent developments in agri
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cultural technology possible, such as 
molecular genetics and genetic engi
neering, were achieved with other than 
Hatch fund ing. They also complain 
that experiment stations don't have to 
compete for funding. 

Ruttan says, "There was a feeling
I think not a valid one-that the funding 
that came to state experiment stations 
and to support federal laboratories 
and stations was almost a slush fund . 
It was pointed out that in some cases 
USDA labs were built not because 
they were needed but because they 
were in a particular congressional 
district, part of a pork barrel " 

Then there's the attitude that 
emerged during the first years of the 
Reagan administration that applied 
research is not an appropriate function 
of the public sector, that federal and 
state governments should be involved 
only in basic research. 

"That's a naive, almost ideological 
approach: ' Ruttan says. "It's not as 
strong as it was. However, it has been 
part of the general ethos that's made it 
difficult to expand support for applied 
research in agricultural technology 
development" 

What does this mean for the 
Minnesota Agricultural Experiment 
Station? 

"The director must be concerned 
that experiment station scientists do a 
certain amount of research that has 
a direct payoff for Minnesota;' Ruttan 
says. "But he must also encourage the 
other kind of research , the more gen
eric research .That basic research is 
an investment in the future for Min
nesota. The experiment station is a 
very important source of growth for 
Minnesota's economy and the state 
legislature must continue to fund it 
adequately if our economy is to qrow" 

Ruttan says private industry 
may do more of the needed applied 
research if proper incentives are pro
vided. For example, the Plant Variety 
Protection Act has stimulated invest
ment in crop development by the pri
vate sector. 

The experiment station may also 
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(above and below): Family farms are more dependent than ever before on developments 
in public research labs. "The mood about technology has changed in the last five years;' 
Ruttan says. 

need to be more creative in the future. 
"I'm convinced we're going to have 
to be fairly open-minded as we re
evaluate the kind of research we do, 
and the way in which we cooperate 
with the private sector;' Ruttan says. 

A major concern in the meantime 
is the station's ability to support its 
scientists. "Can we afford to invest 
enough to get and keep the very best 
scientists?" Ruttan asks. 'Are we giv
ing them the tools they need, paying 
them enough, making it possible for 

them to efficiently go about their work? 
At least with the proper funding, our 
university has the flexibility to do that. 
I'm more concerned about the federal 
salaries-the salaries of the senior 
scientific staff-the research managers 
and those who occupy research policy 
positions. Their salaries are linked 
to congressional salaries, and often 
the pay is just not enough to retain tt 
best scientists and science rnanaqers" 

-Sam Brungardt 
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Research assistant Kobra Haghighi pollinates bean plants. By interbreeding four different species, station scientist Peter Ascher is creating a 
diverse gene pool for future plant breeders. 

3cientists Retrieve the Past 
for Crop Breeders
 
FOR CENTURIES, if not millennia, 
crop breeding research has focused 
on specialization-tailoring plants to 
the needs of those who cultivate them. 
This "custom designing" is the reason 
that lettuce grows more leaves than 
roots, and that carrots do the oppo
site. But it's also why many crops are 
limited in where they'll grow, or lack 
other 'potentially useful traits. Over the 
years, things like cold tolerance and 
disease resistance have been lost in 
many domesticated plants as breed
ers eliminated undesirable traits or 
selected for favorable ones. 

Now, ironically, one experiment 
station researcher is trying to reverse 
this trend toward specialization in 
order to make things easier for mod
ern-day plant breeders. By combining 
species into a sort of " master popu
I"-ion" containing Virtually all of the 

.estral genes of a certain plant, 
plant geneticist Peter Ascher hopes to 
provide a centralized source of genes 
to breeders trying to create a plant 

with a specific set of traits . 
" Experiment station plant breed

ing efforts have largely focused on 
increas ing specialization so that 
plants produce desirable products 
under specific conditions. This has 
resulted in tremendous gains for agri
culture, but it also has potential for 
tremendous losses as genes are 
bred out of existing populations;' 
says Ascher. " Now we're thinking that 
a valuable contribution for the next 
century would be to preserve some 
of these genes in a single population 
so that breeders of the future can 
find the building blocks they need in 
one place" 

Combining Species a Difficult 
Challenge 

Creating this master population is 
not as easy as it might sound, how
ever. It involves combining species
and by definition, species do not nor
mally interbreed. Ascher's efforts are 
focused on learn ing about the sys

tems that prevent such interbreeding 
and on working to overcome these 
resistances and so make it possible to 
combine the genes of divergent spe
cies into a single, accessible population. 

Ascher's involvement in this 
project, in fact, began with his inter
est in the system that inhibits self
fertilization (development of seed from 
the pollen and egg of a single plant). 
Investigations of the genetic and phys
iological background of this pheno
menon, which involves an inhibiting 
reaction between the pistil and the 
pollen, led him to study the mechan
isms that prevent breeding between 
species. One apparent breakdown of 
inhibition intrigued him in particular: 
the development of an interspecific lily 
hybrid by amateur plant breeders. 

"Ever since I was a kid I wondered 
how they could get a very complex 
interspecific hybrid ornamental that 
was fertile and would make seeds; ' 
Ascher recalls . He sought the answer 
by attending meetings of amateur 
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plant breeding societies and talk ing to 
their oldest members - the ones who 
had part icipated in developing these 
populations in the first place. What he 
discovered is that the crosses had 
been made by combining closely 
related populations, gradually adding 
on more distant individuals to create a 
plant that could be grown under just 
about any conditions. 

"Why? Because of the immense 
variability packed into that complex 
hybrid. It's got pieces of the blueprint 
that fit a variety of diverse ecological 
settings. You plant seedlings in a place 
and you get something that comb ines 
just the right parts of these blueprints 
to give you a plant that will grow 
there :' Ascher explains. 

Implications for Crop Breeders 
Are Immense 

As he stud ied the system, Ascher 
began to realize the implications for 
crop plant breeders. A major dilemma 
in the development of new varieties to 
meet new needs is how to access the 
appropriate gene pools. Very often , 
desired traits are spread across a wide 
variety of relatively inaccessible spe
cies, and efforts to blend them into a 
specific combination are frustrating. 

" Practical breeders find that when 
they try to access the wild germ plasm 
they run into all these barriers.They 
can't make the cross work. Or, if it 
does work, they can't get fertil ity in 
the hybrid; they 're sterile like mules. 
Or, if it does work and they get fertil
ity, they have trouble because the trait 
they want may end up tied up with 
a bunch of real wild things and they 
just can't figure out how to brea k 
that :' Ascher explains. 

If a master population could be 
produced for a food crop, he rea
soned, breeders could work directly 
with that cent ral gene pool rather than 
try ing to access and recombine and 
get rid of undesirable traits from a 
spectrum of potentially hard-to-get 
plant species . And Ascher cites 
another major advantage, too : main
taining genes that otherwise might be 
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Top: Scientists have bred increasingly specialized plants for centuries. Ascher's hope is 
t~at bree~e.rs of other crops will develop diverse populations. Bottom: Large and numerous 
nitrogen fixing nodules on the roots of this tepary bean plant are one favorable trait that Ascher 
wants to preserve. 

bred out of populations in the scram
ble for imm ediately desirable traits . 

"We should be preserving genes 
for future generations for combi
natio ns and traits that we can 't even 
imag ine (we might need) at this stage 
of technology-uses that we don 't even 
know about now:' he argues. "Who 
knows what we're going to need in an 
agronomic sense a hundred years 
from now? What we need is a germ 
plasm pool that gives us the flexibility 
to pull out a brand new crop usage 
from what we've qot " 

Current Focus on One Genus 
of Bean 

Ascher decided to tryout the 

creation of a master population in the 
bean genus Phaseo/us. He's work ing 
with four species that show substantial 
variety in terms of disease resistance , 
weather tolerance, biological nitrogen 
fixation , and other traits. By getting the 
species to interbreed, he hopes to cre
ate a gene pool containing all of their 
ind ividual traits that can then be used 
by crop development special ists. 

" Our theory was, if you start 
putt ing all this back together, start ing 
close , and just add ing and adding anr' 
adding, that we ought to in essence 
kind of recreate the ancestral, nonspe 
cialized population:' Ascher explains. 

Ascher's first goal is to create a 
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Ascher's goal is to recreate the ancestral nonspecialized population by crossing four very differ
ent species of beans. 

viable cross between Phaseolus vul
garis (snap bean and dry bean) and 
P. acutifolius, the tepary bean. 

"The tepary bean is of interest 
because it's a more efficient nitrogen 
fixer than the common bean , and it 
is also heat and drought tolerant:' 
Ascher explains. He hopes to combine 
the genes that code for these traits 
with the genes that made P. vulgaris a 
good food crop. " If you could get that 
- II stirred up in one pool and then just 

Jp it out to the bean breeders, we'd 
be somewhere;' he says. 

The concept , unfortunately, turned 
out to be much easier on paper than 

in real life, thanks to the mechanisms 
that the different bean species have 
evolved that prevent them from cross
;'1g with each other. Although they 
could cross-fertilize, the embryos 
would not develop to mature seeds. 
So Ascher began performing "cesar
ean deliveries" on the plants , remov
ing embryos and growing them in 
tissue culture to obta in seedlings for 
further work. 

Such complicated procedures 
obviously would not work for plant 
breedin g on any practical scale. After 
years of nursing along the bean 
embryos, however, Ascher is now 

beginning to achieve crosses of com
mon and tepary bean that appear to 
be able to produce full-term seeds. 

"With any luck at all , we should 
have populations of vulgaris and 
acutifolius within the species that 
we may be able to release to some 
innovative breeders in the next year;' 
he predicts . 

The goal of Ascher's current 
research with beans is a population 
that contains genes from all four crop 
species. He expects to have three of 
the species incorporated into the 
population within two years.The " ulti
mate" population is probably five or 
ten years away. 

Goal Is to Reach Other Crops 
But Ascher 's long-term ambition 

is even broader: to get the concept of 
producing a master population known 
and accepted in other crops . He's 
concerned that the amount of infor
mation bombarding scient ists limits 
them to reading literature in their 
own field-and for many, this means a 
single commodity. Crop researchers 
with other specialties rarely have the 
time or resources to study what they 
perceive to be bean or lily research 
reports, even though they might 
potentially benef it greatly from 
applying the information in their 
own specialty. 

" I would imag ine that the hardest 
thing I'm going to have to do if this 
thing does work is to convince the 
wheat people that they should be 
doing the same thing ;' Ascher says. 

But he believes too that the reso
lution of this problem is on the hori
zon. "I think the future of agriculture 
is going to blur some of those walls. I 
think it's going to have to. Because the 
more we learn about living systems, 
what is surprising is the commonal ity, 
not the uniqueness " If what Ascher 
predicts is true, agricultural research a 
century from now may look as different 
from current practices as practices 
from the beginning of the station's 
research eHorts look today. 

-Mary Hoff 
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What Happens Downstream: 

Hydrologist Examines Effects of Peat 
Mining and Forest Harvesting 
AS LONG AS our streams and rivers 
behave themselves, hydrology (the 
study of water and its movement) 
doesn't interest the public. But a flood 
or drought, or a polluted stream or 
lake can lead to outraged citizens 
muttering that someone should have 
done something. 

Forest hydrologist Ken Brooks, a 
researcher for the Agricultural Experi
ment Station, is one person who is try
ing to do something far in advance of 
any crisis. 

" I'm trying to develop a basic 
understanding of the hydrologic proc
ess of natural systems and develop 
computer models that will help us 
predict hydrologic responses to activ
ities such as peat extraction (mining) 
and forest management. A lot of peo
ple would ask who cares if we change 
the streamflow behavior from peat
lands or forests. But if peat mining or 
other types of peat or forest usage 

increase the water flow, the chances 
of flooding downstream may be 
increased. What I would really like 
to do with our peat research is deter
mine just how much peat mining can 
occur without causing detrimental 
hydrologic chanqes" 

Hydrologists measure such things 
as'water quality characteristics; the 
quantity and peaks of streamflow, 
rainfall and snow accumulation ; and 
basic characteristics of a specific site. 
Forest hydrologists are interested in 
streamflow response both before and 
after activities such as peat mining 
and forest harvesting have taken 
place. Data from many disciplines, 
including soils, geology, engineering, 
and climatology are needed to round 
out a hydrologic information base. In 
addition , Brooks and other experiment 
station researchers cooperate with 
many other institutions, such as the 
Minnesota Department of Natural 

Aquaculture Venture May Lead to 
Homegrown Catfish 

Peat Is one of Minnesota's oldest Indigenou s crops. A brand new crop for Minnesota may 
be catfish, ral ed In the cooling water of a power pi nt . Ira Adelman (right) and John 
Wolwode (left) are Investig ating the possibilities. 
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Resources, county governments, 
and the U.S. Forest Service. 

Although peatlands are often per
ceived as being one single vegetation 
and soil type , they form a continuum, 
from fens which are fed by regional 
groundwater and have many tall 
shrubs, to bogs , which are virtually 
shrub-free and are isolated from 
regional groundwater. Most peatlands 
have both fens and bogs in them and 
are classified as transitional. Hydro
logists have found that water quality 
from peatlands can be used to help 
class ify them as fens, bogs, or tran
sitional peatlands. 

Peatland Responses to 
Disturbance Vary 

Peatlands are not expected to 
respond in the same way to mining 
and other disruptive activities. Hydro
logic responses also depend on the 
type of mining and the quantity of peat 

FISHERIES BIOLOGIST Ira 
Adelman, a researcher for the 
AgricUltural Experiment Station, 
has shown that tasty catfish can 
be raised in the recirculating cool
ing water of a power plant. If th is 
aquaculture venture proves eco
nomical , local restaurant menus 
may some day feature homegrown 
catfish . That day may be far in the 
future, however. " What we're doing 
is developing technology for a 
future time. When we started we 
had a clear understand ing that we 
would probably be many years 
away from economic viabil ity:' 
Adelman says. 

Adelman's research started in 
1978, when Northern States Power 
(NSP) app roached him for help in 
determining whether fish could be 
raised in some of the more than 
400,000 gallons of water per minute 
that circulate through the two-unit, 
coal- fired Sherco power plant at 
Becker, Minnesota. 

NSP, which had previous ly 
heated greenhouses with this water 
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arvesting peat for horticultural use is done with a large vacuum-cleaner-like mach ine (center). 
• he effect on the env ironment is minimal since only inches of peat are removed . Possibly min 
Ing of peat for energy use may have a grea ter impact. 

and leased them to local nurseries, 
wished to expand this multi-use 
approach to aquaculture. 

Adelman used species known 
for their hardiness and tastiness to 
determine whether fish could sur
vive and grow in the warm, murky 
cooling water. The water, in which 
all materials (minerals, etc.) present 
in the original Mississippi River 
water are concentrated up to ten 
times the normal level, has an aver
age temperature of 85 degrees F. 

Fish used for the initial study 
were catfish and tilapia, a native of 
southeast Africa that is even hardier 
than catfish. Both spec ies were 
grown in three water types: well 
water, a 50:50 mixture of well water 
and cooling water, and 100 percent 
cooling water.The catfish did better 
in the cooling water than in the well 
water, while the reverse was true for 
the tilapia. 

Next, Adelman and assoc iate 
_wlentist John G. Woiwode, now a 
doctoral student, set up studies to 
determine the maximum number of 

cat fish a power plant aquacu lture 
system could support. Because 
crowding can limit fish growth , the 
studies were done at three densi
ties. The lowest density was one 
known to be acceptable ; the sec
ond density, half again as high as 
the first, Adelman and Woiwode 
were fairly sure catfish could 
tolerate; the third level, double the 
lowest density, was anticipated to 
be beyond the level of tolerance. 

Surprisingly, the fish grew 
equally well in all three density 
levels. This was encouraging as 
well as frustrating for Adelman, who 
had hoped to establish the upper 
limits of density tolerance. Catfish 
grew to comm ercially viable size 
(3M to 1 pound) in seven months in 
the study tanks, not quite twice as 
fast a growth rate as in southern 
ponds. Based on a preliminary cost 
analysis, however, the cost of rear
ing them was anticipated to be 
nearly three times as much, 

Test panels tasted the tank
reared catfish and also catf ish 

mined , Brooks says. In horticultural 
peat operations only small amounts 
of peat are removed annually, using 
what is essentially a gigant ic vacuum 
cleaner. Different machinery is used 
to extract peat for fuel and larger 
quantities of peat may be removed , 
which means greater potential altera
tion to the hydrology of a site. 

The hort icultural peat industry 
probably will not affect vast areas in 
the state, Brooks says. But the use of 
peat as fuel, which is currently much 
debated, could lead to more wide
spread peatland disturbance. 

Since Brooks started hydrologic 
stud ies here in 1975, data have been 
gathered for three forested water
sheds northeast of Grand Marais and 
for 45 natural peatland watersheds in 
the state. Also, the hydrology of a peat
land mined southwest of Duluth for 
horticultural peat was studied . 
There are no pre-mining data avail-

grown commercially. "Our catfish 
tasted better than the commercial 
fish right from the start , although 
they improved in taste with two 
to five days of depuration in well 
water;' says Adelman . 

Further development on catf ish 
cultu re at Sherco depends on the 
results of a bioengineering model for 
determinin g economic feasibility. 

Meanwhile, Adelman 's work in 
aquaculture continues. He and 
Woiwode are invest igating the 
thermal requirements of a striped 
bass x white bass hybrid that might 
eventually be used in aquaculture. 

Although aquaculture is not a 
new concept, it is still in its infancy, 
according to Adelman. "Aquacul
ture is at the stage where animal 
husbandry was five to ten thousand 
years ago. What it needs is genetics 
and selective breedin g. We essen
tially have to domesticate 
wild animals:' 

- Anne Gillespie Lewis 
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able for that site, however. Brooks 
hopes to conduct a pre- and post
mining study of hydrologic conditions 
on a site yet to be chosen in northeast
ern Minnesota to test data gathered. 

Graduate students working under 
Brooks are investigating the effects 
of various aspects of peat mining on 
hydrologic responses. One is study
ing soil frost changes result ing from 
mining. Mined areas have a type of 
frost that is relatively impermeable to 
water and thus causes snowmelt or 
rainfall to run off the peat surface 
faster than in natural peatlands, thu s 
increasing the potential for flooding . 
The study is set up to determine 
under what conditions this frost devel
ops and the extent to which run
off increases . 

Another aspect of the study 
involves track ing ground water 
movement in different types of peat. 
"If we have an idea of how the water 
moves, we'll be able to [udqe the 
effects of mining better :' Brooks said. 

Computer Simulation Will Allow 
Predictions 

All of the peatland studies that 
Brooks and his colleagues are doing 
will be used to develop a computer 
model that can simulate streamflow 
from peatlands. Eventually, this model 
will be used to predict what will hap
pen if a specific site is mined . 

Although Brooks' past and cur
rent research has involved gathering 
basic data and predicting hydrologi c 
response to various usages on an on
site basis, he sees these stud ies as 
the beginning of a more extensive 
inquiry into the hydrolog ic conse
quences of mining and forestry activ
ities. "We have to look at our work in This weather station on a bog in northeastern Minnesota helps forest hydrologist Ken Brooks 

evaluate water movement in different types of peatlands. the context of a much larger system . 
Too often studies end at the site and avoid land use pract ices that can add wou ld be invaluable to government 
do not look downstream to see what to these kinds of prob lems:' and private entities that own the state's 
important implications arise;' says The pract ical applications of seven and one-half million acres of 
Brooks. "When there's a crisis such Brooks' resea rch seem obvious. Infor peatland. "We hope to come up with 
as a flood, people want to know what mation on how, where, when , and how something useful to resource 
should have been done. Events like much peat could be mined without managers and land use planners;' 
floods and droughts occur naturally, adversely affecting water yield , flood says Brooks. 
but we shou ld be aware of and try to and storm flows, and water quality -Anne Gillespie Lewis 
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100 Years of Animal Health Care: 

From the Horse to High Tech and
 
Health Management
 

A century ago , the horse was the prime focus of farm veterinarians (above). Now (below) the 
focus has shifted to nutrition and herd health management. 

A CENTURY AGO, agriculture would 
not have been possible without the 
horse. Veterinarians gave most of their 
attention to this animal; and when they 
did get involved with the comparatively 
small numbers of livestock of that 
time, it was usually in response to 
an epidemic. 

Today, horses are largely sporting 
animals and horsepower has been 
replaced by machine power. Holdings 
of other animals, especially swine, 
poultry, and beef cattle have increased 
enormously from the typical two or 
three animals of a hundred years ago. 
And whereas some animals-like the 
horse-have waned in importance 
for veterinary medicine, the overall 
increase in herd and flock sizes has 
been forcing fundamental changes 
in the way veterinarians serve the 
livestock industries. 

As herds and flocks grew larger 
and as agriculture became more 
intensive, it was necessary to put less 
effort into individual treatment of ani
mals and greater effort toward attain
ing and maintaining herd production 
levels. Roger Morris, chairman of the 
University of Minnesota's Department 
of Large Animal Clinical Sciences, 
compares contemporary animal health 
care with human health care. 

"If you compare animal health care 
with human health care; ' says Morris, 
"there are two distinct trends you can 
see in both fields. One is high cost 
and high technology, the use of very 
advanced techniques to achieve some 
improvements in the hea lth of a few 
individuals. The other trend , led by the 
World Health Organization, is to play 
down high tech and high cost where 
the benefit to the population as a 
whole is small, and emphasize 'health 
development' or 'health manage
rnsnt: This approach sets 'health 
targets' for the population and then 
develops cost-effective ways of achiev
ing the targets through approaches 
suited to the particular population. 
Over the last 300 years, 10 percent of 
investment has been in health man
agement and yet 90 percent of the 
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benef it to human health has come 
from that approach :' 

Though veterinary intervention in 
individual cases and specific disease 
outbreaks is still important, disease 
cont rol through tightly controlled 
health management of the entire herd 
is emerging as the preferred course of 
action. Demonstrable econom ic ben
efit to the farmer from this approach 
is high~ 'as much as a $10 return for 
every dollar invested;' Morris says. 

Research Uncovers the 
Complexity of Disease 

Advances in veterinary research 
have fostered this newer approach. 
Unlike an older view which assigned 
a single cause to a disease, research 
has uncovered a whole comp lex of 
factors at work in the disease process 
and has consequently altered the 
means of treatment. 

For example, when mastit is in 
dairy cows was first described in the 
1880s, it was believed to result from a 
"chilling of the udder " Today scientists 
know of about a hundred different 
microorganisms that cause mastitis, 
with five or six of them being the 
most important. 

One microorganism, Streptococ
cus agalactiae, occurs almost solely in 
and around the udders of dairy cattle 
and was susceptible to some of the 
earlier controls such as treatment with 
penicillin. Between the 1930s and 
the 1960s, this microorgan ism was 
brought under control, and now is 
seldom a problem except in cases 
of poor herd management. 

However, successful control in one 
area can mean a need for even better 
manageme nt for remain ing problems, 
Morris points out. Staphylococcus 
aureus, formerly considered unim
portant, was recognized as a sign ifi
cant hidden problem, once Strep. 
agalactiae was brought under control. 
Though affecting fewer animals than 
did Strep. agalactiae, Stap. aureus is 
much more diffic ult to control. 

"Whe n people think of diseases, 
they often believe that a vaccine would 
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Roge r Morris: " What we're concerned with is examining the whole complex of causes that leads 
to the performance of a herd being less than is realistically achievable on that farm :' 

automatically solve the problem;' 
Morris says. "Sometimes it will, but 
only certain types of diseases are 
good candidates for vaccine s:' 

Despite much research on the 
development of vaccines against vari
ous udder pathogens , including Stap. 
aureus, no vaccine has been found 
to be an effective control measu re. 
Morris reports that the searc h for an 
effective vaccine " has consumed 
large quantities of research funds with 
little perceptible effect on the preva
lence of udde r disease" He adds that 
even if such a vaccine were effective 
against a single pathogen it wou ld "do 
little more than change the relat ive 
proportion of infections due to the 
various major pathogens:' 

In contrast, the health manage
ment approach advocated by Morris 
deemphasizes the microorganism per 
se. Rather, its goal is to increase eff i
ciencyand reduce production costs by 
measures which are broadly effective 
against a major disease! manage
ment complex, of which mastitis is 
one example. 

For examp le, teat dipping was first 
proposed early in the century, but only 

in the last 20 years has it received 
comprehensive scient ific support. It 
is now widely accepted as the single 
most effective method of prevent
ing new infections of the udder 
by bacteria. 

If mastit is is to be cont rolled , how
ever, existing infections must be elimi
nated, Morr is says. "Treatment used to 
concentrate on those infections which 
became cl inically obvious duri ng lac
tation;' Morris points out. " But it is now 
known that treatment then has a poor 
success rate, although it does clear 
up the signs and mask the continuing 
infect ion:' Strategic use of antib iotics 
at the time cows are dried off has a far 
higher success rate. 

These newer and much more 
effect ive control strategies were 
developed using an "epidemiological 
approach;' Morris says. This approach 
analyzes the patterns of disease occur
rence and management interactions. 

Such analysis uncovers another 
layer of the problem. This is the mas
titis which is caused by bacteri a whic 
normally live in the cows' environment 
but are of minor importance unt il some 
management change makes it easier 
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for them to invade the cow's udder and 
establish there . Sudden outbreaks of 
mastitis or continuing problems in 
herds can result from such "environ
mental" infections. The pattern of 
occurrence of these infections needs 
to be quantified to assess methods of 
prevention. "This has not yet been 
done comprehensively for the environ
mental infect ions ;' Morris says. 

New Approaches Use New Tools 
Since using these new health 

management models means much 
information gathering, computer 
software programs are being used 
to handle all the data. For example, 
ECONOMAST, a bovin e mastitis simu
lation model, can now closely replicate 
"real life" by representing the epide
miology of mastiti s, the biology of milk 
production, and the economic conse

rences of possible control action's. 
YOU can sit down in front of the com

puter screen, and in an hour or less, 
test out a wide range of different pos
sible control programs;' Morris says. 
'This can be a valuable research tool 
in combination with field research, and 
can also be used to show farmers the 
economic benefit they can expect if 
they adopt recommended procedures 
-and what they are missing out on if 
they are slap-d ash about it" 

New Model Tracks Infertility 
Problems 

Another problem area where the 
health management model is making 
headway is in reproductive perform
ance. Forty to 50 years ago in Minne
sota , infectious causes of infertility 
were the most important. When bulls 
were used routinely to breed all the 
cows and were moved from herd to 
herd, some infectious types of infer
tility were spread. As the spread of 
infections came under greater control , 
new difficulties emerged. With the 
increase in herd size, the bull was no 
1 _ '1ger relied on to detect estrus, and 

icult ies in estrus detection became 
a problem. 

Morris says that by monitoring 
herd performance it is now possible to 

know when reproductive performance 
is unsatisfactory. When it is, things 
like prostaglandin synchronization of 
estrus and improved estrus detection 
methods are now available. Two other 
researchers in Morris' department, 
Brad Sequin and Norman Williamson, 
have been active in this field . 

"I've been particularly interested 
in moving beyond traditional clinical 
diagnosis where we concern our
selves solely with the examination of 
a particular animal:' says Morris, "to 
the broader concept of performance
related diagnosis. What we're con
cerned with examining is the whole 
complex of causes that leads to the 
performance of a herd being less than 
is realistically achievable on that farm. 
We use computer programs to identify 
areas where improved performance 
could realis tically be achieved by 
veterinary interventlon. Research has 
shown that this can be a very powerful 
tool for improving the herd :' 

The Well ness Movement, 
Animal-Style 

Faulty nutrition also has ties to 
disease, says Morris. Specific dis
eases that derange the animal 's 
metabolism can often be treated, but 
often the sick animal may be the tip of 
a much larger problem of faulty herd 
nutrition . "We can treat some of these 
diseases, but it's much more effective 
to prevent them;' Morris says. "That 
means research to manage nutrition 
to prevent problems, such as the 
nutritional research of Bill Olson in 
our department:' 

Alth ough the emphasis is now on 
management, progress in the high 
tech areas has not lagged in Morris' 
department. Thi s is especially evident 
in some of the newer molecular bio
logy wor k. Infectious disease agents 
are becoming more accurately ch ar
acterized. "We're getting to the state 
in infections where we can define a 
virus down to specific sequences of 

.single nucleic acids in the interior of a 
viru s and specific sequences of amino 
acids in the proteins that make up 

the surface of the virus. We can deter
mine that a group of amino acids is 
the site to which a particular antibody 
attaches:' says Morris. 

"Looking at some of the swine 
diseases, we now have the potential to 
create vaccines by genetic modifica
tion of virus structure. Related to this, it 
is now possible to produce large quan
tities of single antibodies that are all 
identical. Normally, when an agent 
infects an animal, it produces a whol e 
cascade of antibodies and we can't 
know exactly what's going on" 

This technique can be helpful not 
only in disease diagnosis but in dis
ease prevention. "For example, there's 
a disease called enteric colibacillosis 
of calves that affects the animal in the 
first 24 to 48 hours of life and can 
cause a high mortality rate. Now we 
can produce antibodies against this 
bacterium which don't kill it ; the 
antibodies simply stop the bacterium 
from sticking to the wall of the intes
tine . If the bacterium can't stick to the 
wall of the intestine, it can't cause this 
fatal disease in newborn calves" 

This product is now commercially 
available and is the first genetically 
engineered animal health product to 
be put on the market. "It was devel
oped by a genetic engineering com 
pany under the guidance of a former 
faculty member and was tested here 
by a current faculty member, David 
Sherman: ' says Morris. 

Morris thinks that the challenge of 
the future will be to strike a balance 
between research directed toward 
developing totally new information and 
research that is concerned with taking 
those innovations and applying them 
toward practical implementation. "One 
of the important areas of the future is 
to link research to Extension, and then 
work at ways to insure that farmers 
adopt desirable innovations;' says 
Morris. "We want to be sure that these 
innovations are not only available, 
but used" 

-Rich Sherman 
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Mid-Life Couples Are Coping Nicely,
 
ThankYou
 
THOSE "EMPTY NEST" YEARS 
when children are striking out on their 
own may not be so empty after all. In 
fact, in a study of Minnesota couples 
in those middle years, ages 35 to 65, 
experiment station researchers have 
found that most are coping well with 
stress. Despite the difficulty of being 
sandwiched between the needs of 
adolescent children leaving home 
and concerns about aging and frail 
parents, the mid-life couples gen
erally reported being satisfied with 
their lives and their relationships. 

This is good news about an age 
group that is often overlooked by 
social scientists, according to the 
study's primary researcher, Pauline 
Boss, associate professor of fami ly 
social science at the University of 
Minnesota. She adds, " Essentially 
the couples have stress, but they're 
managing it. In fact, I was startled by 
how well they are doinq" 

Boss and her colleague Geraldine 
Gage, professor of family social sci
ence, mailed questionnaires to a sam
ple of households in Hennepin, Kittson 
and Chippewa counties to find out just 
how families in the middle years are 
doing, what is stressful to them and 
how.they cope. In each case, the 
woman in the famil y was between 
age 35 and 65. More than 200 fami
lies completed the survey with most 
represented by two completed ques 
tionnaires, one from the wife and 
another from the husband. 

Despite the generally encourag
ing news brought to light by the study, 
Boss stresses that the results do not 
necessarily reflect the well-being of all 
mid-life Minnesota families. 'Althouqh 
we attempted to acquire a representa
tive sample, we will never know what 
responses might have come from 
those who didn't return the ques
tionnaire or who didn't answer every 
question:' she adds. "Given that the 
median annual income of the mid-life 
family househo ld responding was 
$33,000,our findings may be biased 
toward families who are coping 
financially. We know that within the 
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Couples facing mid-life transitions coped better by attending church, facing problems head-on, 
and by sharing concerns, family social science researcher Boss found. 

state there are areas and pockets 
of population where many familie s 
are deeply stressed, but this rarely 
showed up among those we sampled: ' 

Empty Nest Affects Both Parents 
One of the things that Boss spe

cifically wanted to study was the 
so-called empty nest syndrome, the 
feeling of loss and loneliness often 
attributed to middle-aged women 
whose children have left home for 
college and careers. She found, sur
prisingly, that husbands and wives 
are affected in much the same way 
when a child leaves home. Having a 
young person leave home was the 
stress-producing event most often 
reported by both spouses. More than 
three-fourths of both husbands and 
wives who had experienced it, how
ever, reported feeling good about a 
son's or daughter's leaving home. 
They reported frequent thoughts and 
conversations about the departed 
child , but in most cases, neither 
spouse reported the event as par
ticularly distressing. 

Boss reports , "I think it may be a 
myth that it's only the woman who 
suffers when the nest empties. Our 
studies show that both parents find it 
somewhat stressful but are commonly 
satisfied and perhaps even relieved 
that the child is at a point where he or 
she can be independent. This may be 

an indication that men's and women's 
parenthood roles are being shared 
more equally now:' 

Interestingly, she also found that 
fathers who reported spending con
iderable time thinking and worrying 
about the departed child tended to 
have the most instances of stress
related health concerns such as 
trouble sleeping, depression, and 
alcohol use. 

This wasn 't the case for women, 
however. Women reported spending 
more time talking about the departed 
child and Boss speculates that this 
venting may serve as a positive outlet 
for coping with this loss. 

Another possibility is that after long 
years of active involvement with their 
children's day-to-day routines, mothers 
feel more relief when their sons and 
daughters strike out on their own. 
Boss says, "It could just be that with 
children leaving home, the workload 
for the mother is lightened. A good 
percentage (about one-third) of our 
women respondents were full-time 
homemakers and for some of them , 
any grief at the child 's departure was 
balanced against relief that such 
duties as laundry, meal preparation, 
and chauffeuring would be eased :' 
Fathers, therefore, may have felt loss 
whereas mothers felt relief . 

Whatever the explanation for 
the differences between parents' 
responses to an adolescent's depar
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haps even relieved:' 

ture Boss believes the study points 
out that the empty nest syndrome is 
not just a woman 's concern . " It cer
tainly affects fathers as much as 
mothers but happily, neither one 
appears'to be devastated by it. I think 
that's happy news;' she concludes. 

Most Respondents Happy 
with Lives 

Among the other stressful events 
that the survey participants frequently 
reported were the death of a far:n ily 
member, an aging parent entering 
an institution or nursing home or a 
family member experiencing serious 
emotional problems. Those surveyed 
appeared to be coping well with the~e 

factors, but Boss points out that.fami
lies under the greatest stress might 
not have returned the surveys, skew
ing the results in favor of the health
:" 6t families. 

Other interesting findings from the 
research included: 

• More than half of both men and 
women rated themselves as healthy or 

very healthy, although only about one
third reported exercising regularly. 

• Television viewing was the 
diversion most often used to cope with 
stress. This was followed by attending 
church , facing problems head o~ and 
sharing concerns with a close friend. 

• Fifteen percent of the men and 
eight percent of the women reported 
the frequent use of alcohol whereas 
28 percent of women and 2? percent 
of men said they never use It. Half 
of the husbands and almost three
fourths of the wives said they had 
never smoked. 

• About half of the respondents 
reported being completely sa.tisfied 
with their lives and an even higher 
percentage said they were satis~ 

fied with their fami ly life and their 
relationships with their spouse 
and children. 

• Only seven percent of the men 
and thirteen percent of the women 
described their marriages as unhappy. 

-Deedee Nagy 

Centennial Sun is the station 's new 
chrysanthemum. 

NEWMUM MARKS 
STATION'S CENTENNIAL 

A bright array of color and unusual 
resistance to adverse weather make 
a new garden chrysanthemum a cUI~ 

tivar worthy of introduction for 1985, In 
honor of the Minnesota Agricultural 
Experiment Station 's 100th anniver
sary. Named Centennial Sun, it is the 
65th garden chrysanthemum to be 
released by the University of Minne
sota's Department of Horticultural 
Science and Landscape Architecture. 

Centennial Sun produces a pro
lific canopy of one and one-half inch , 
fully doub le, bright golden yel~ow, for
mal decorative flowers on Uniform 
mo~nded plants 16 to 18 inches high 
and 25 to 28 inches wide. Flowering 
begins by the last week ~f August. in 
the Twin Cities area and IS only slightly 
delayed by unfavorab le weather. Flow
ers look fresh and bright until killed by 
frost and have slight frost resistance . 
The ~tiff-willowy stems are clothed in 
clean, dark green leaves. Cente.nni~1 

Sun adapts well to spring flowering In 

pots with either short or natural photo
period treatment. . 

This cultivar is equally satisfactory 
for cut flower purposes and in the 
flower border. 
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INTERNATIONAL GOURMET 
FOOD MAY BE A NEW 
MINNESOTA CROP 

Could black forest mushrooms from 
the Japanese shii tree adapt success
fully to Minnesota, becoming ground 
for a new commercial industry? 

This is the question Elmer 
Schmidt, forest products researcher, 
has dealt with since first becoming 
interested in shiitake (she-ta-key), the 
world 's second major cultivated mush
room , five years ago. A feasibility study 
on shi itake production begun on the 
St. Paul campus, and continuing as 
a cooperative project including the 
Agricultural Experiment Station, the 
North Central Forest Experiment 
Station, the Itasca Development 
Company, and Itasca Community 
College at Grand Rapids, and funded 
by a $110,000 grant from the Bland in 
Foundation, may provide the answer. 

Right now, Schmidt says, ' 'The 
only established commercial 
operations of shi itake in the United 
States are in West Coast states " 

There are over 350 commercial 
strains of shiitake, the fungus produc
ing mushrooms. The United States is 
Japan's third largest customer for 
dried shiitake. Chefs specializing in 
Oriental, French , and Italian cuisine 
appreciate the mushroom for its robust 
meat-like flavor. Some fans of the 
mushroom claim it can lower blood 

Agricultural Experim ent Stat ion 
University of M innesota 
St. Paul, M innesota 55108 
Richard J. Sauer, Director 

Publicat ion� 
Penalty for priv ate use, $300� 
ADDRESS CORRECTION REQUESTED� 

The shiitake mushroom is a gourmet 
delicacy being studied for its potential 
as a new Minnesota crop. 

cholesterol , and in China specific 
strains appear in pharmaceutical 
extractions. 

The mushroom is also pricey: $2 
a dried ounce and $9 to $12 a fresh 
pound. "The demand is greater than 
the supply:' Schmidt says. 

Shiitake grows on bark-covered 
logs cut from living trees. The 200 logs 
used in the campus research in the 
Forest Products build ing courtyard are 
bur oak and red oak. 

Successful shi itake cultivation 
attempts to improve on a process that 
began in nature. The mushroom will 
not grow in living tissue, but survives 
on dead wood and only when allowed 

to establish itself before competitive 
fungi colonize the wood. Logs are 
inoculated by drilling dime-s ize 
holes and inserting birch plugs over
grown by shiitake spawn . From 15 to 
20 of these dowels are inserted into 
each log . 

Shiitake will fruit only after 
the fungus has thoroughly colonized 
the log. This takes up to two years. 
Mild daily temperatures (around 72 
degrees F) followed by cool nights and 
a constant high humidity of from 85 to 
90 percent are optimal. "Some mush
rooms crave darkness; shiitake needs 
some light to develop. In high humid
ity, shiitake will appear in three to 
six days and mature in a week: ' 
Schmidt says. 

The previous experimental logs 
first produced mushrooms in 1982; 
60 percent of the 200 logs produced 
some mushrooms this fall. "The first 
shiitake crop covered all our produc
tion costs: ' he adds. 

" The study will keep careful track 
of labor costs compared with yields, 
as well as determine whether or not 
the climate is suitable for growing the 
mushroom successfully;' Schmidt 
says. To provide the heat shiitake 
needs for year-round development, he 
is also considering using the excess 
from heating plant systems. 

-Mary Kay O'Hearn 
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