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WINTER IS AN ODD TIME for 
harvest in Minnesota. Yet, that' s 
when th e past year's research is 
harvested and plans for th e 
future are made. During this 
time, Experiment Station 
scientists summarize the ir 
research results and evaluate 
their accomplishments. 

It is an excit ing ti me and 
som etim es a fru strating time. 
Not all research bears useful 
fruit each year; som e is bitter 
and disappointing. A few 
research problems are so lved in 
a year. Many are solved in 3 to 
10 years . But most are solved 
only slow ly, step-by-step, w ith 
each discovery point ing to oth er 
unknown s, each begg ing to be 
answe red. 

No one knows how research 
w ill turn out, for w ho can pred ict 
the mysteri es of the unknow n. 
Who can predict w hich one of 
th ousan ds of crosses of w heat, 
soybeans, alfalfa, or blueberries 
w ill be the new high-yielding, 
disease- and insect-resistant one? 
Wh o can predi ct what a new 
feed addit ive w ill add to 
efficiency of gain in th e feedlot? 
Who knows how long it will take 
to discover th e v irus that causes 
a disease? How many years will 
be required to find a less costly 

w ay of refrigerating and 
packaging chickens; or a bett er 
way of helping youngsters 
und erstand themselves; or a 
feasible alternate energy source? 

Despite the uncertainty and 
fru strations, the perseverance, 
curiosity, and faith of our 
scientists continue to payoff 
handsomely. Current estimates 
suggest that crop and livestock 
research the next 5 years will 
show an annual return on 
investment of nearly 30 
percent- a phenomenal rate . 

In many areas of research, 
dollar measures of return on 
investm ent can't be gotten. But 
none will deny the benefit of 
being able to protect food from 
botulism, of st rengthening 
marriages and family ti es, of a 
better und erstanding of one's 
hop es and aspirat ions, of a lake 
producing bigger walleyes, of 
cleaner riv ers and fresh er air. 
Tho se are the kinds of problems 
Minnesota Experiment Station 
scientists are working to solve. 

This year's research harvest 
looks every bit as promising as 
th e most successful year of the 
past. The pages of Minnesota 
Science will bring you some of 
th ose discoveries. 
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Biological Seed Coating 
Wards Off Diseases 

VINCE BECKER 
Department of Information 
and Agricultu ral Journal ism 

ANTAGONIST VS. PATHOGEN. 
That's the strategy two 

University plant pathologists are 
pursuing in their efforts to protect 
plants from seedling diseases. 

Thor Kommedahl and Carol 
Windels have been coating seeds 
with fungi and bacteria th at are 
harmless to plants and 
antagonist ic to pathogenic root
infec t ing fungi. They've used this 
biological seed treatment on corn, 
soybeans, peas, and other garden 
vegetables. Currently, their 
research emphasizes evaluat ion of 
the seed treatment for controlling 
root diseases in garden 
vegetables. 

"By coating seeds with 
beneficial organisms capable of 
grow ing on the germinating seed 
and along the root surface, 
natu rally occurring biologic al 
control can be enhanced," 
explains Kommedahl. The 
effectiveness of these antagonists 
is co mpared to no treatment and 
to captan, a commonly used seed 
fung icide. In a wide range of 
experiments, som e of the 
antagonists have provided control 
generally comparable to captan. 
Better control of seedling diseases 
was obtained with the biological 
treatment in some instances. If 
biological control becomes 
com m ercially feasible, it would be 
a viable alternative to chem ical 
cont rol. 

Sources of antagonistic fungi 
and bacteria are plant roots and 
seed s. The fungi and bacteria are Plant pathologists Thor Kommedahl and Carol Windels collect fungi and 
then grown in th e lab and� bacteria from plant roots and seed then grow the microorganisms in the lab 

to test antagonistic behavior to disease-causing fungi (photo by Vince Becker). evaluated under four different 
conditions to determine if they are 
antagonistic to particular disease
causing fungi. 
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Fungu s spores harvested by Gusti Sarbini, 
grad uate student, will be t est ed for antagonism 
to pathogens that cause soybean seedlin g dis
eases (photo by Vince Becker). 

In their most recent work with 
peas, Kommedahl and Windels 
tested about 100 bacteria and 
fungi for antagonism to Fusarium 
solani and Rhizocton ia solani. 
"Out of th e total, 37 fung i and 22 
bacteria proved antag onist ic to 
one or both pathogens in cul ture," 
says Windels. These 59 org anisms 
w ere further tested again st 
additional pathogens in petri dish 
cultures. " Behavior of the 37 
fungal antagonists was more 
uniform than that of th e bacterial 
antagonists," she adds. 

Those bacteria and fun gi that 
proved to be effect ive in inhibiting 

pea root pathogens in petri dish es 
w ere tested fu rther in the 
laboratory, greenhouse, and in the 
fi eld. In these experiments seeds 
were coated w ith antagonists and 
measured against no treatment 
and captan, 

Coating seeds w ith fungi 
involves placing seeds on the 
culture in the petri dish or adding 
seeds to a vessel wi th harvested 
fu ngus spores and shaking the 
cont ents to ensure good coverage. 
If bacteria are used as a coat ing, 
seeds and sterile water are added 
to the culture in the pet ri dish and 
shaken, or seeds are added to a 

Antagonistic behavior of fungi used in biological seed coating experiments is illustrated in thi s petri dish sett ing. Fusarium roseum, center, a pat h
ogen ic fungus that causes root d iseases in corn , is under attack by ben efic ia l fungi (photo by Thor Kommedah ll. 



fl ask of liqui d cultu re, then dr ied 
on paper towels. 

Germi nat ion of coated seeds 
w as tested in the lab using a 
paper towe l test. " In our 
procedure, a sheet of wax paper 
was covered f irst with a wet paper 
towe l and then a layer of soil was 
added on w hich 50 organism
coated seeds w ere placed," 
explains Kommedahl. " Another 
w et paper tow el then was laid 
over the seeds and the ent ire unit 
was loosely ro lled into a cylinder 
and held togethe r w ith rubber 
bands. These units w ere stacked 
vert ically in a container and 
incubated at 24° C. Aft er 7-8 days, 
the rolled-towe l units were opened 
and germinatio n data record ed." 

In the greenhouse test, coated 
seeds were planted in metal fl ats 
and grown at 21-24° C. After a few 
weeks plant stands and root rot 
were evaluated. " In both ro lled 
paper towel and greenhouse tests, 
soil was taken fro m a f ield 
'disease nursery ' w here peas had 
been grown each season for 
severa l decades and in which 
pathogen s of pea roots were 
present," says Kommedahl. 

Finally, coated seeds w ere 
planted in the pea disease nursery. 
Final stand, vi ne w eight, pod and 
seed w eights were recorded at 
harvest. 

Bacterium coated seed 
appeared to be less effective than 
fun gus coated seeds in contro ll ing 
disease. "In fact, some bacteria 
appeared to be pathogenic, 
causing reductions in stands," 
says Windels. " Only a few of the 
fungi tested seemed pro mising as 
candidates for further testing." 
One of these fu ngal antagonists, 
Penicillium oxalicum, w hen coated 
on seeds of peas, produced 
greater stands than untreated 
seed. 

" This antagonist w orks w ell on 
peas, both in the greenhouse and 
in the f ield," expla ins Kommedahl. 

Aft er .two weeks in the greenhouse. pea seed coated with Penicillium oxalicum, right . produced 
superior stands t han captan t reated seed, center. and no tr eatment. left, when planted in so il in
fected with pea root pat hogens (photo by Vince Becker!. 

" In 1977, greenhouse results w ere 
confirm ed by f ield tests using 
P.oxalicum, probably because 
seedling blight occurred early in 
the season- a situat ion like that 
occurring in the greenhouse w ith 
seed lings." 

Kommedahl feels that captan 
pro bably is sti ll a more effect ive 
t reatment because the antagonists 
have been som ew hat inconsistent. 
"H owever, antagonists give longer 
protecti on under pro longed low 
temperatures," he says. " This is 
because roots grow away from 
captan t reated seed, w hereas the 
antagonists mult iply and tend to 
grow along the root surface." 

Kommedahl and Winders are 
lookin g at w ays of im provin g their 
biological seed coat ing process. 
Current ly, they are studying 
certain coat ing materials th at may 
increase the eff iciency of 
antagonists. In addit ion, eff ect of 
moistu re and temperature on 
coated seed is being investigated. 

" Ideally, we're looking for a 
broad spectr um antagonist t hat 
does w ell under a w ide vari ety of 
conditi ons," says Kommedahl. . lf 
bio logi cal coat ing of seeds 
becom es commercially feasible , 
farm ers and vegetable grow ers 
w ould have a choice of w eapons 
to combat seedlin g diseases. 
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Safety of 
Slow Meat 
Cookery 
DIEDRE NAGY 
Department of Informat ion 
and Agricultural Jo urnalism 

AMERICANS LOVE THEIR BEEF. 
And they love it most when it's 
cooked slo-o-owly to rare 
perfection. 

What they don't like, however, 
is getting sick from the beef they 
eat. It's this potential problem that 
has led Agricultural Experiment 
Station researchers to study the 
safety of long time, low 
temperature (LTLT) cookery such 
as that done in a crockery type, 
slow cooking appliance or in a low 
temperature oven. 

The potentially hazardous 
microorganism under scrutiny, 
Clostridium perfringens, is the 
culprit in one of the most common 
types of food poisoning, according 
to C.E. Allen, Department of 
Animal Science, and F.F. Busta, 
Department of Food Science and 
Nutrition. Their research is funded 
by the Agricultural Experiment 
Station and the Minnesota Beef 
Council. 

Uncooked meat frequently is 
contaminated with C. perfringens 
organisms, the scientists say. But 
the organisms must be alive and 
present in large numbers to pose 
a health hazard . This happens 

when the normally occurring cells 
multiply, which happens rapidly in 
the temperature range between 
750 F. and 1250 F. Salmonellae 
microorganisms, the cause of 
another major food-borne illness, 
survive or are killed by the same 
conditions that benefit or destroy 
C.perfringens, according to parallel 
research being done by University 
food science undergraduate 
Wendy Thompson. 

Allen and Busta explain that 
although many foods may be 
susceptible to C.perfringens 
problems, beef can be a particular 
hazard. It is often served rare (at 
or below 1400 F.) and sometimes 
is kept in the dangerous 
temperature range (between 750 F. 
and 1250 F.) for hours-for 
example, when warmed 
improperly under a restaurant or 
institution's infra-red lamp. 
Because even high concentrations 
of the organism may not change 
the smell or flavor of meat, many 
victims eat it without suspecting 
the danger. 

In addition to favorable 
tem perature, very long cooking 

A samp le of meat inoculated wit h C. perfringen s and located in the center of a beef roast will be analyzed by F.F. Busta. right. and Pat Noren. junior 
sc ient ist . t o determine how the potent ially hazardous microorganism has been aff ect ed by LTLT cooking (photos by Dave Hansen!. 



periods add to the risk of food 
po isoning from C.perfringens or 
salmonellae. Allen and Busta say 
that a crockery pot overloaded or 
set on low (without first elevating 
the heat) or a slow oven offers 
ideal temperatu res and sufficient 
time for many new generations of 
microorganisms to develop. For 
example, a 7-pound roast cooked 
in a 1850 F. oven w ould reach a 
rare stage in seven hours. But in a 
3250 F. ove n it would take less 
than 3 hours. 

Another potent ially dang erous 
fad in beef cookery is preheating 
an oven, placing a roast inside, 
immediately turning off the oven 
and allowing th e meat to stay in 
the slowly cooling oven for many 
hours. 

Allen and Busta expect that 
th eir research will help define 
what condit ions are safe from th e 
potential for food poisoning in 
various sizes and kinds of roasts 
under a variety of slow cooking 
methods. They hope that what 
th ey find will elim inate any beef
related risks of C.perfringens food 
poisoning, which is rarely fatal but 
causes severe abd ominal cramps 
and diarrhea. 

Theirs' is a unique approach 
to food safety research, and 
because of thi s they expect th e 
findings to be parti cularly useful to 
consumers, meat processors, and 
restaurant operators. Busta 
explains that unlike most fo od 
research that normally is done at 
constant temperature, this 
research project deals with 
changing (dynamic) food 
temperatures similar to those 
found in a slow ly warming 
crockery pot, low temperature 
oven, or under an institution'S 
infra-red wa rming light. 

With the help of a com puter 
and the heat transfer expertise of 
David Thom pson, Department of 
Agricultural Engineering, th e 
research team hopes to develop a 
set of charts or models that will 
allow th em to judge the safety of 
many beef handling methods. 
Eventually they also will look at 
the variables of cooling and 
reheating cooked beef to add 
another dimension to the research. 

C. per fr ingens that may be present in uncooked beef can multiply rapid ly and sp read t hro ughout 
a roast during the LTL T cooking process. High co ncent rat io ns of t he microo rgan ism pose a 
potential hea lth hazard. 

So far, one noteworthy spin-off 
of the research has been th e 
development of a technique for 
contaminating a small plu g of 
meat encased inside a permeable 
sheath. The plug is then re
inserted into the roast and cooked. 
New generat ions of the 
microorganisms under study are 
confined inside th e membrane for 
much easier detection and 
count ing th an if they had spread 
th roughout th e roast and its juices. 

The eyes of more than the 
research team are on the data now 
coming out of the roast 
experiments. Late last year, th e 
U.S. Depa rtment of Agriculture 
(USDA ) set 1450 F. as the 
minimum temperature that 
commercially processed 
precooked beef, a staple of many 
restaurants, must have reached to 
be safe. Offi cials th ere admit this 
temperatu re probably is higher 
than needed but in the absence of 
oth er data they have chos en to err 
on th e side of cauti on. 

The restaurant and delicatessen 
industry objects to the 1450 F. 
regulation because it makes it 
impossible to serve patrons rare 
beef. Beef at 1450 F. is classified as 
medium or medium rare. All en 
and Busta expect that their data 
will help th e USDA and industry 
formulate new regulations th at 
may prove less restrictive. 

But where does this leave the 
chef in the home who wants 

slowly cooked rare beef but 
doesn't want to risk the family' s 
health to achieve it? "If you follow 
all recommended kitchen 
proc edures and keep food above 
1400 F. or below 500 F. as much as 
possible, th ere is little worry," 
Allen and Busta agree. " Even if 
you don't, we cannot guarantee 
th at yo u'll get sick as a result of a 
slip-up. For if enough cond it ion s 
are rig ht fo r the growth of 
organisms, the potent ial for food 
poison ing is th ere." 

They note, how ever, th at even 
homemakers and chefs who have 
v iolated safe food handling 
principles many t imes may never 
have inflicted C.perfringens 
poisoning upon anyone. Or if they 
have, their v ict ims may have 
blam ed th e sympto ms on stomach 
flu or some other malady. Because 
of this, Allen and Busta are certain 
that th e number of documented 
C.perfringens cases yea rly 
(ranging between 400 and 18,000 
in recent years) is a fract ion of the 
actual occurrences. 

Anyone who vio lates safe meat 
cooking procedures ofte n enou gh 
probably will cause an outb reak of 
C.perfringens poisoning soon er or 
later, the scientists agree. 
However, as a result of their 
research they are conv inced that 
consumers can enjoy fin e rare 
beef prepared in LTLT cookery 
without worrying about 
C.perfringens food- borne il lness. 
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A A ve ture • Dairy Cattle� 
Breeding� 
VINCE SECKER 
Department of Information� 
and Agricultural Journa lism� 

Red and wh ite da iry animals like this roan
colored cow at the Rose mount Ex periment 
Stat ion evolved after years of crossb ree d ing 
research (ph ot os by Vinc e Becker) . 

IT ALL BEGAN about 18 years ago 
at the Rosemount Experiment 
Station. A herd of Milking 
Shorthorns w as brought to the 
stat ion from Mary land and 
Pennsylvania by Dr. C.L. Cole, then 
head of the Dairy Husban dry 
Department at th e University. 

At that time most of the cattle 
tended to fatten easily and mi lk 
little . However, the re were a few 
good dairy animals in the herd . Dr. 
Cole set out to upgrade th e herd 
genet ically and worked to th at end 
until 1969 w hen the breeding and 
management of the herd was 
passed on to Dr. C.W. Young. The 
Dairy Husbandry Department by 
then had become a part of the 
Department of Animal Science. 

Today Rosemou nt is the home 
of the Minnes ota red and wh ite 
herd that evolved from the or iginal 
herd of Mil king Shorthorns. 

Exploring Genetic Potential 

" Dr. Cole's early experiences 
with th e Milking Shorthorns soo n 
led him to the conclusion that the 
breed needed to br ing in genes 
from some source other than th e 
M ilking Shorthorn breed in the 
U.S.," explains Young. " After 
investigating several sou rces of 
sires, he was successful in 
import ing semen from two New 
Zealan d Mi lking Shorthorn sires in 
1961. 

Daughters of these two bul ls 
had a t remendous impact on the 
improvement of the Rosemount 
herd and on th e Milking Sho rthorn 
breed in the U.S. One of the two 
bulls, Kaiwarehou Duke, sired two 
daug hters that set national records 
for the breed for milk and fat 
y ield," adds Young. 
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This same bu ll also sired Minn 
Duke Darius, w ho today cont inu es 
as the bree d' s leading AI (artificial 
insemination) sire w ith Predicted 
Differences of + 1398 for milk, 
+.07 for fat perce ntage, +59 for 
fat, + 144 dollars for prod uct value. 
You ng notes that the se f igures are 
single lactat ion superiorities 
expected of Darius daug hters 
relative to the breed average. 

Dr. Cole 's introductio n of the 
New Zealand bulls via frozen 
semen soon led to the importation 
of semen from Australian IIlaw arra 
Shorthorn sires. The Aust ralian 
Illawa rra Shorth orn incl udes 
genetic cont ribut ions from the 
Ayrshire, Devon, and possibly (
other breeds in addit ion to th e 
Milk ing Shorthorn . " Considerat ion 
of th is has led in recent years to 
the crossing of the catt le at 
Rosemount w ith Ayrshire sires," 
says Young. " The reasoning 
behind th is mo ve w as that th e 
Aust ralian Illaw arra Shorthorn 
seems to represent an 
improvement over most other 
Shorthorns bred for dairy 
pu rposes." He points out that 
th ere are Ayrshire bulls in the U.S. 
and Canada today that are 
super ior to anyt hing that was 
availab le to the Australians w hen 
they sy nth esized the IIlawa rra. 

" The com bination of Ay rshire 
and Aust ralian Illawa rra Shorthorn 
bree ding has allowed us to put 
Selwood Betty's Commander and 
Sunny View Litt le Princess 30th 
into the same gene pool," explains 
Young . The former is an 
outsta nd ing Ayrshi re bu ll and the 
latter is an outstan ding Aust ralian 
Illawarra Shorthorn cow. " With 
this combination w e hope to breed ( 
animals that can com pete with the 
Holsteins." 



Launching a New Breed 
Young 's ulti mate goa l in his 

crossbreeding wor k is to form a 
new breed that will not only be 
compet iti ve w ith the Ho!stein but 
th at might also cross wi th the 
Holstein to produce crossbreds 
superior to either breed f?r 
commercial dai ry product ion. 

The decision to use Milking 
Shorthorns in this project was 
infl uenced to som e degree by 
w hat was available. However, 
Young believes that M ilk ing 
Shorthorns are a logical breed to 
use as a basis for his 
crossbreeding project. He lists 
som e reasons why : 

o M ilking Shorthorns are one 
of the best dual purpose breeds. In 
order for a breed to be 
compet it ive w ith the Holstein it 
mu st be dual purpo se. The most 
profitable cow is .one that excels 
for dairy production, produces 
calves th at do w ell for beef or 
veal, and brings a good price 
wh en sold for slaughter wh en her 
prod uctive life is f ini shed. 

o The Mi lking Shorthorn is red 
and white as are many of the 

other breeds that might be used to 
form a gene pool. Even though 
co lor may not inf luence 
product ivity, t here is som e 
advantage in breed development 
of avoid ing wh at appears to be 
com plete mongrelizat ion. Most 
dairymen probably prefer so~ e 
uniformity in th e color of th eir 
catt le. 

o The Un iversity's Milking 
Shorthorn herd had been the 
source of most of the high 
Predicted Difference sires used in 
this breed in recent years. 
Therefore it was very likely well 
above br~ ed average, genetically . 

The red and w hite herd at 
Rosemount bears littl e 
resemblance to th e early Milking 
Shorthorns. Most of th e more 
recent geneti c improv ement is 
directly related to Young 's 
crossbreeding program utilizing 
f rozen semen fr om Australian 
IIlawarra Shorthorn and Ayrshire 
sires. Since the original 
crossbreeding w as started in 1960 
through 1977, t he herd 's . 
production has been dramat ically 
increased. DHI roll ing herd 
averages have gone from 7,220 to 

T his heifer and t he rest of the red a nd white herd represent an im proved stra in of Milk ing Sho rthorns. 

13, 079 pounds of milk and ~5 8 to 
51 2 pounds of butterfat durinq 
that period. 

Althoug h th e Holsteins at 
Rosemount st il l outp roduce the 
red and wh ites, the pro ducti on 
gap is gett ing sma ller. The red and 
white herd has improved annuall y 
at a rate of 331 pounds of m ilk 
and 13 pou nds of fat. The cows 
have been gaini ng an average of 
89 pound s of m ilk and 2.3 pounds 
of butterfat annually on the 
Holsteins. " Ove r 17 years, th e 
diffe rence between the two herds 
has decreased by 1,523 pounds of 
mi lk and 39 pounds of butterfat," 
says Youn g. 

The red and w hite catt le at 
Rosemount are no lon ger referred 
to as Mi lking Shorthorns, alth ough 
most are registered with th at 
breed society . " They represent an 
improved strai n of Mi lking 
Shorthorn s, or they may be th e 
forerunn er of a new breed," he 
explains. 

" In any event, t hey have been 
and cont inue to be an excit ing 
adventure in dairy catt le 
im provement through geneti cs." 



Clouds of special proteins (Iectins) from the soybean are shown binding to cells of R. je ponicurn-a ne only kind of bacteria capable of forming n itrogen-
f ixing nodules o n soybean plants (photomicrograph by Edwin L. Schmidt) . 
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A MINNESOTA SOILS SCIENTIST 
is one of the world's top 
experts on soil bacteria. And he 
probably knows as much as any
one about Rhizob ium japonicum, 
th e bacterial strain that attaches 
to soybean roots to trigger 
nitrogen fixation in the soybean 
root system. 

Edwin L. Schmidt and his co
workers work with what they call 
the "soil community" - made up 
of hundreds of different microor
ganisms. 

The ultimate goal of Schmidt's 
research projects is to increase 
nodulation and maximize nitrogen 
fixation in the soil. This could 
increase crop yields, leading to 
greater protein production per 
acre. It would also save energy, 
sin ce atmospheric nitrogen 
converted to soil nitrogen is 
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"free," whereas fertilizer nitrogen 
requires fossil fuels to produce. 

Hundreds of different stra ins of 
microorganisms live in the soil so 
the research is a very complicated, 
involved process. The first 
challenge is identifying and 
observing specific bacterial strains. 

Starting about 15 years ago, 
Schmidt developed a system to 
"tag" or identify specific strains 
with fluorescent dye. He found 
that the fluorescent tag allowed 
him to study the immensely 
important soil bacteria that attach 
themselves to the roots of 
legumes, such as alfalfa, soybeans 
and peas. These useful bacteria, 
known as Rhizobia, metabolize 
atmospheric nitrogen in the 
legume roots and excrete it as 
ammonia and other nitrogen 
compounds beneficial to plant 
growth. 



The bacterial strain he's 
worked with most is R. japonicum, 
wh ich takes up residence in 
soybean roots . 

It's important to note that R. 
japonicum is in the soil , along 
w ith hundreds of other bacteria, 
before the soybean seed is 
planted. "We need to know how 
beneficial strains such as R. 
japonicum survive and compete 
with other soil mi croorganisms to 
get th e most out of the final 
bacteria-plant root association 
aft er the crop is plan ted," says 
Schmidt. 

"When we learn more about 
th is, it may be possible to alter th e 
soil's env ironment to favor one 
bacterial strain . If a geneticist 
would develop a ' red hot' bacterial 
strain, conceivably w e could alter 
the so il environment to favor the 
strain once it's introduced so it 
could favorably com pete with 
other soil microorganisms." 

Another area of Schmidt's 
research concerns led to what he 
calls the "recognition 
mechanism." "How does th e 
legume plant know that the 
Rhizobium strain is th e 'right' one? 
Likewise, how does the R. 
japonicum strain know that the 
soybean root is the right root to 
associate with? We think there's a 
recognition mechanism that's 
necessary before the two develop 
a beneficial relationship. 

"We think that special proteins 
(lect ins) prod uced by legume 
plants react with a 'receptor site' 
on the bacterial cell. Only the 
bacteria with the proper receptor 
site are recognized by the plant. 

"Just getting more nodules on 
soybean roots isn't the answer. 
(Some nodules are much more 
efficient at nitrogen fixation than 
others.) What we want is 
maximum plant-Rhizobium strain 
interaction fo r increased yields." 

Increasing nitrogen fertilizer 
supplies in th e soil from 
atm ospheric rather than fertilizer 
nitrogen sources has tremendous 
potential, especially in developing 
countries. "In Morocco, the stabl e 
protein food source is a plant 
called horse beans," says Schmidt, 
who has w orked as a consultant in 
Morocco in conjunction with the 
University's International 
Agricultural Programs operation. 
"This legume produces big, flat 
beans that are critical in the diets 
of th e small farmers who produce 
th em." 

The beans also are used in 
rotation with wheat, so increasing 
nitrogen fixation in the bean crop 
could provide extra nitrogen for 
wheat the following year . 

Schmidt's work is recognized 
world wide. He recently received 
the Soil Science Award from th e 
Soil Science Society of Am erica. 
The award recognizes outstanding 
research in soil science conducted 
over th e past 10 years. 

Edw in L. Schmidt (photo by Dave Hansen) . 

R. jepon icum bacter ia are identified in the soil by means of a fluorescent tag which attaches to 
the microorganism (photomicrograph by Edwin L. Schmidt!' 
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Extended� 
for Fresh� 
GAIL McCLURE 
Department of Inform ation� 
and Agricultural Jo urnalis m� 

Shelf Life 
Poultry 

TO GET MORE LIFE fr om th eir 
chickens, poultry packers across 
the nation are rushing to adapt a 
techniq ue perfected by Exper im ent 
Station researcher, Eugene 
Sander. 

Sander's technique extends th e 
shel f li fe of f resh packed poultry 
by using carbon dioxi de (C0 2) to 
retard bacterial growth. His study 
showed that chickens which w ould 
normal ly last 10 days packed in ice 
can have a shelf life of 27 days or 

more if stored und er C0 2 at 34° F. 
(1.1° C.). 

Using his technique, the 
packing procedu re goes 
someth ing like th is. Freshly 
slaugh tered birds are chilled, 
drained, and placed in a 
corrugated box containing a 
nyl on-surlyn f ilm bag. The box is 
th en posit ion ed on a machi ne 
which auto mat ically removes th e 
air from th e bag, backflushes t he 
area with carbon dioxide, and 
seals th e bag air tight. (A machine 

A new packa ging t ech niq ue developed by Eugene Sa nder ut ilizes ca rbo n dioxide and a spe cia l nylon- surlyn fil m wr ap t o prolong the shelf life of 
fres h poult ry (photos by Dav e Han sen ) . 
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can handl e 2 or 3 boxes per 
minute.) The inflated bag 
eventually t ightens around th e 
birds as the carbon dioxi de is 
absorbed by th e poultry. 

" We've taken a known art and 
applied it in a new way," says 
Sander. Carbon dioxid e has been 
recogni zed as a natural means of 
retarding certain bacterial growth 
since the turn of th e century . The 
concept, called cont ro lled 
atmo sphere, has been successfully 
used to prolong th e storage of 
fruits and red meat. Adapting th e 
concept to poult ry packing hinged 
on th e developm ent of a bag or 
wrap with a strong oxygen barri er 
to keep th e carbon dioxide trapped 
for a considerable length of time. 
The nyl on-surlyn wrap proved a 
suitable barri er. 

Sander made it possible for a 
good idea to become a reality 
wh en he tested th e wrap and 
established a recommended usage 
rate for carbon dioxide per body 
w eight. He also measured th e 
bacterial growth in packaged 
poultry in trials which compared 
the various methods of packing 
poultry. 

"With extended shelf life, 
packers can use cheaper (slowe r) 
methods of transporting th eir 
produce," .Sander notes. In 
add it ion, th ey can ship longer 
distances and this has started to 
open up new markets. For 
inst ance, a chicken packed in 
Minnesota using this method 
could conceivably reach a 
consumer in Alaska or Hawaii. 

In addition to extended shelf 
life , packers and retail ers are 
fin ding economy and convenience 
bonus benefits. Most commonly, 
fresh poultry has ,been packaged 
using a wet-ice method. In terms 
of wh ole birds, this meant 22-25 
fowl would be placed in waxed 
cartons or wooden crates. Then 

Con tr olled envir onment packaging allows packers t o ship 15-25 percen t more poultry in t he sa me 
truck space required by the wet· ice method. 

10-20 pounds of ice would be 
add ed. Using the contro lled 
atm osph ere method, packers can 
shi p 15-25 percent more poultry in 
sma ller cartons in the same t ruck 
space, th us reducing t ranspor
tation costs. 

The adva ntag es of handling 
clean, tight packages are 
considerable. The w et-ice method 
always left a residu e of foul w ater 
which damaged w arehouse floors , 
trailers, coolers, and other 
containers. Such w ater also made 
it impossible to ship pou lt ry with 
oth er items, like produce, for fear 
of contam inat ion. In addit ion, 
retailers always have had to 
remove mold and slime from th e 
racks of storag e and display 
equipment. Certainly, clean, dry 
packag ing means improve d 
sanitation. 

Right now, packers can save 
25-50 percen t on shipping 
containers by using this new 
method. However, t he nyl on bags 
add a cost that current ly offsets or 
exceeds th e savings. If bags and 
pouches can be economically 
incor porated, Sander sees many 
w ays to apply cont ro lled 
atmosphere to food packaging. 

" Perhaps ind ividual birds will 
one day be packaged this way on 

a commercial scale, and then 
placed in a box w hich is also 
packaged using this meth od," he 
says. Then th e shelf life, wh ich 
now extends from the poin t of 
packing to the time th e shipping 
container is opened, could be 
expanded to include the t ime the 
individ ual package is opened for 
consumpt ion. 

Sand er also poi nts to f ish as 
a food wh ich might benef it f rom 
thi s method of packaging. With an 
extended shelf life, new inland 
markets could be developed fo r 
sea food. In addit ion, fi sheries in 
the Great Lakes area could expand 
th eir ind ustry if highly perishable 
f ish like smelt and herr ing could 
have an extended shelf li fe. 

And Sander doesn't stop w ith 
fi sh. He also sees the potent ial of 
using cont ro lled atmosphere 
packagi ng on food products such 
as cheese or processed vegetables 
like fr esh-cut potatoes. " I've 
worked places w here good ideas 
are put aside and yo u have to live 
w ith a hig h level of fr ustrat ion," 
he says. "Here, I look at my 
research as a positive too l-a way 
of seeking practical solut ions to 
im mediate problems. It 's a real joy 
to wo rk on a project and then see 
the results implemented so 
qu ickly." 
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Lyon Outperforms pathologists M.B. Moore, P. G. 
Rothman, and R. D. Wil coxson. 
"It's not unreasonable to projectOther Oats that a quarter of Minnesota oat 

VINCE BECKER 
Department of Information� 
and Agricultural Journalism� 

of this seed are available forSINCE ITS RELEASE last year Lyon 
planting this year. oats has performed well in 

commercial seed fiel ds and was "The amount of seed avail able 
added to the 1978 recommended in 1978 will plant upwards of 
crop variety list. Minnesota seed 150,000 acres," says Deon 
growers produced 4,200 acres of Stuthman, UM oat breeder, who 
registered and certified Lyon seed developed the new variety in 
in 1977. Roughly 350,000 bushels cooperation with plant 

Several years of greenhouse and field re search conducted by Deon Stuthman and colleagues result 
ed in a high yielding, smut resistant oat variety called Lyon (photo by Vince Becker!. 
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acreag e could eventually be 
planted to Lyon, or about 500,000 
acres," he adds. Lyon was grown 
in Arizona during the seed 
multiplication process in order to 
obtain enough seed for 
distribution to seed growers. 

Commercial seed growers 
produced 80-85 bush els per acre 
of clean seed from Lyon last year. 
"On the average this amounts to a 
5-bushel per acre advantage over 
other oat varieties." explains 
Stuthman. "In terms of the total 
acres planted to Lyon this means 
that an extra 21,000 bushels of 
seed were produced. At $3.25 per 
bushel this equates to $70,000 
additional income for Minnesota 
seed growers." 

Besides its yield advantage, 
Lyon is smut resistant, saving 
growers at least $75,000 (if all 
350,000 bushels had been 
chemically treated). Lyon is also 
moderately resistant to crown rust . 

An evaluation of Lyon oats by 
seed growers suggests that they 
see a bright future for the new 
variety. Lyon got high ratings for 
disease resistance, grain and straw 
yield, and seed appearance. 

Experimental trials conducted 
at the six branch Experiment 
Stations during 1972-1977 show 
that Lyon yi elded an average of 
95.2 bushels per acre compared to 
92.3 and 91.6 for Lodi and Froker, 
respectively. The percent protein 
in the groat and the total protein 
yield per acre were higher for Lyon 
than either Froker or Lodi, two of 
the most popular varieties in 
recent years. Lyon also had a 
higher test weight per bushel and 
a higher groat percent than Lodi in 
the 30 trials. Lodging resistance of 
Lyon was about equal to that of 
Froker and Lodi . 

The seed of Lyon is white and 
the plant is similar in appearance 
to Lodi. The variety was selected 
from a cross of Lodi and Portage. 
It is intermediate in plant height; 
39 inches compared to 38 for 
Froker and 41 for Lodi. 



Science Notes� 

CHILDFREE COUPLES STUDIED 

Remaining "childfree" finds 
favor with a larg e section of 
married Am ericans w ho value 
freedom to pursue th eir interests 
and do not w ish to add to th e 
wo rld's populat ion . Between 13 
and 17 percent of th e marri ed 
couples in th e U.S. are 
childfree-that is, they do not 
have any children, even by an 
earlier marriage. At least half of 
those couples probably chose not 
to have children. 

Who are these childfree 
couples? For th e past five years 
University of Minnesota 
researchers have sought not onl y 
to learn who they are but also to 
understand th eir decision and the 
rewards and costs of th e decision. 
In a recent report of th eir research, 
Linda G. Budd and Richard N. Hey 
of the Department of Family Social 
Science describ e t he 275 couples 
th at parti cipated in the project. 

On th e average, th ese childfree 
couples are yo ung (average age of 
about 30) and have been ma rried 
for 6.7 years. They are w ell 
educated (67.5 percent have at 
least a college degree) and earn a 
family income of $15,000. The 
fi ndings also indicate th at for 96 
percent of th e couples, it is th e 
first marr iage. 

The couple generally live in th e 
city or suburbs (more than 80 
percent) and com e from " stab le" 
homes w here the mother had 
been a full-t ime hou sewife since 
the birth of her f irst child (more 
than 55 percent ). Of the men and 
women in the sample, slight ly 
more than 50 percent were eith er 
th e only or eldest child. 

Thirty percent of the couples 
had chosen surgical cont racept ion 
and another 60 percent reported 
using temporary methods of 
contracept ion like birth cont ro l 
pills. Of those who fill ed in th e 
two-hour long questionnaire, 56 
percent said they did not pract ice 

a religion . Of those w ho did, over 
50 percent were Protestants. 

There is no major stat istical 
difference between men and 
w omen with regard to age and 
educat ion. But in income, the 
husband s were far ahead ($14,000) 
of th e wives ($9,500). 

The desire of both the husba nd 
and th e w ife to have careers 
app ears to be the single most 
important reason for being 
childfree, says Hey. The need for 
fre edom to pursue their personal 
interests and a desire not to add 
to th e world's numbers were other 
explanat ions. Some of th e couples 
also felt that by remain ing 
childfree, th ey could do more for 
society and families. 

Though all det ails have not 
been analyzed, Hey feels there 
probably is a relation between 
occupat ions chosen and th e desire 
to rema in childf ree. Business 
ow ners and administration 
personnel are well represented 
among the childf ree couples, 
which might mean that 
comm itment to occupati on may be 
of greater importance than rearing 
children . Many couples who 
decide not to have child ren are 
involved (one or both partners) in 
occupat ions like teachi ng, social 
w ork, health serv ices and lib rary 
work w hich involve working with 
children or with families. 

NEW USES FOR OLD CROPS 

Snap beans and other dry 
edible beans have been around for 
a long time. In fact, these beans 
are a major source of food upon 
w hich cultures have been built. 

In an effort to find new uses for 
beans Peter Ascher and David 
Davis, UM horticulturists, are 
crossing diff erent bean species to 
arrive at a sort of pr imitive gene 
pool with a lot of variability. This 
process of reversing the evolut ion 
of the beans is call ed "interspecific 
hybridization." 

" Through th is process a plant 
breeder potentially could select 
bean species w ith certain desirable 
traits and crossbreed them to 
produce a multipurpose hybrid 

A new project a imed at developing a mul t ipur
po se hybr id bean invo lves growing samples in 
t est tubes (photo by Vince Beckert. 

bean," explains Ascher. "The goal 
of our research is ful l utilization of 
a crop's genet ic potential." Davis 
indicates that bean species 
generally have been quite isolated 
genet ically or unable to hybridize. 

The scient ists believe that 
some day it may be feasible to 
produce a perennial hybrid bean 
that could be cut for forag e, 
sim ilar to alfalfa, during its first 
stage of growth. In the later stages 
of growth underg round tubers rich 
in starch and edible bean seed 
high in protein could be harvested . 
It may sound far fetch ed, but 20 
years ago soybeans were grown 
strictly for oil. Today soybeans are 
an important cash crop with a 
w ide range of uses. 
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Snap and f ield beans are the 
basis of Ascher's and Davis' 
project. The scientists pro poga te 
bean plants by grow ing seed 
embryo s th at are 15-18 days old in 
test tubes. " We've fou nd th at the 
embryo must remain in the dark 
for 1 to 2lh weeks, or unt il the f irst 
leaf deve lop s," Ascher says. 
" Otherwise the surviva l rate is 
ext remely low ." Ascher has 
successfully grow n 90 out of 100 
plants as a result of this 
breakthro ugh. Previously, w hen 
the embryos were und er full light 
only lout of 100 plants survived . 

" We need a lot of samples to 
conduct crossbreeding 
experiments because th e genetic 
makeup of the plants is so 
different," says Ascher. " The 
discovery th at light is det rimenta l 
to embry o growth has speeded 
our progress t remendously." 

Besides snap and f ield beans, 
Ascher and Davis are conducti ng 
experim ents w ith the tepary bean, 
a drou ght tolerant species, and the 
scarlet runner bean, w hich 
produces very large seeds. 

The researchers are also 
looking into the feasibil ity of 
producing a hybrid bean that can 
grow under diverse env ironmen ts. 
" A hybrid bean w it h a highly 

variab le genet ic background m ight 
do we ll under very dry cond it ions 
as we ll as quite moist cond it ions," 
says Asche r. 

" Our plan also is to include in 
the research a South Ameri can 
bean th at we know can grow for 
long periods w ith water ove r th e 
to p of the soil surface," Davis 
adds. " This is most unu sual for 
beans." 

At this po int in t ime theoretical 
possib il it ies seem almost lim it less. 
How ever, Ascher and Davis should 
shed some new ligh t on the 
pract ical expectations of reversin g 
the evo lut ion of food cro ps as 
their research progresses. 

TALL FESCUE FOR BEEF PASTURE 

Tall fescue has not been used 
w ide ly in M innesota because it 
lacks palatability and w inter 
hardi ness. In yield tr ials at the 
North Central Experiment Station, 
Grand Rapids, w hich compared 
grass species for hay and pasture, 
ta ll fescue yi elds have been equal 
to or bett er than the yields of most 
gra ss species commo nly grow n in 
the state. 

" More importantly , fall growth 
of ta ll fescue has exceeded that of 
other grass species," report 

researchers J.W. Rust and D.L. 
Rabas. They explain that late fall 
growth provides a potent ial for 
using ta ll fescue pastures to 
extend the grazing season later 
into the fall than is possible w ith 
other pasture species. 

Kenhy ta ll fescue for beef 
pasture was evaluated at Grand 
Rapids by grazing the pasture w ith 
yearling beef steers in 1976 and 
yearling beef heifers in 1977. An 
adjacent orchardgrass pasture was 
simila rly grazed for comparison. 

Rust and Rabas found th at 
average daily gain w as greate r on 
th e orchardgrass pasture in both 
years. However, beef produced per 
acre and grazing days per acre 
were greater on the ta ll fescue 
pasture in both years. In addit ion, 
less w inter inju ry occurred in the 
tall fescue pasture than in th e 
orchardgrass pasture. 

" The results suggest that 
sat isfacto ry anima l perfor mance 
can be obtained on Kenhy tall 
fescue pasture," say the 
researchers. " If greater fall growth 
and im proved fa ll palatability of 
fescue are real, or are fo und in 
future tests, tall fescue may be an 
importa nt com ponent of a pasture 
species system for late fall or 
stockpiled fall pasture." 




