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This barley selection's leaves grow at narrow angles to the stems, increasing the amount of 
su nlight that reaches the lower leaves. This characteristic may be incorporated in varieties if 
it is found to increase overall yield. 



Barley Breeder Seeks 
Ideal Pia t Ty e 

CHANCES ARE GOOD the next 
beer you quaff w ill hav e been 
brewed w ith m alt made from 
Mi nnesota-grow n barley. 
Minnesota is second only to 
North Dakota in malt ing barley 
product ion. 

Not just any barley is 
accepta ble fo r malti ng, says Don 
Rasmusson, the agronom ist who 
has headed th e Experiment 
Stat ion's barley im provem ent 
program since 1958. He says, 
" The maltsters and brew ers 
desire a 6-row barley th at 's low 
in prote in-13.5 percent or less 
- and one th at y ields a high 
percentage of extra ct w hen 
malted. They feel that high 
prote in conte nt is deleterious to 
the product ion of high-qu ality 
ma lt and good perfor mance in 
the brewery." 

Mindful of what sells, 
Minnesota fa rm ers this yea r 
planted more than 95 percent of 
their 900,000 acres of barl ey to 
approved ma lt ing variet ies. Of 
th e resulting crop , about 70 
percent w ill be mal ted; th e rest 
w ill be fed to livestock. 

At th e present t ime, growers 
may actually sacrifi ce y ield to 
grow the kind of barley th e 
malti ng and brew ing indust ries 
wan t. The standard recom
mendation for farm ers aim ing to 
produ ce No. 1 malt ing barley 
calls for onl y a moderate amount 
of nitrogen fertilizer, w hich can 
result in less-than-opt imu m 
yields. Too mu ch fert i li zer may 
result in gra in with unacceptably 
high protein content . 

And if the nation's ma ltsters 
and brewers are dem anding 
about quali ty, they 're also w ill ing 
to invest money to assure an 
adequate supply of the kind of 
barley they want. Since 1957, 

they have give n the Minnesota 
stat ion, th rough the Ma lt ing 
Barley Im provement Associat ion 
(MBIA) , more than $1 m illion for 
research. 

Says Rasmusson, " I can't 
overe mphasize how important it 
is to have dependa ble , cont inu
ous funding. A breeding program 
is a long-term process, ofte n one 
th at pays div idends only afte r 
many years. The MBIA funds 
have helped us attai n the many 
advances we've made in recent 
yea rs and they 've helped lay the 
fo undat ion for furth er pro gress." 

New Variety Gains 
Rapid Acceptance 

Farm ers also ben ef it f rom the 
MBIA's investment in research. A 
case in po int is Morex, a variety 
developed by Rasmusson and 
plant pathologi st Roy Wilcoxson. 
In 1979, its f irst year of com
mercial product ion, Morex was 
grown on 425,000 acres. This 
year, Mo rex wa s grow n on an 
estimated 1.5 m illi on acres, 
making it th e leading malting 
variety in th e United States. 

Com pared to Larker, w hich 
had long been th e do minant 
mal t ing variety, More x yi elds 
approximately 2 percent mor e 
extract, has 1 percent less 
pro tein, is more resistant to 
lodgi ng and disease, and 
produ ces about 6 bushels more 
grain per acre. At $2.40 a 
bushel, that' s $14.00 additional 
income per acre, or abo ut $8.5 
million more fo r th e Minnesotan s 
w ho grew 590,000 acres of 
Morex in lieu of Larker thi s year. 

The rapid acceptance of 
Morex is almost unprecedented. 
Maltsters and brew ers like it 
because th ey get mo re extract 
per bushel and less protein. Best 

of all fo r farm ers, More x has, for 
the most part, brought the same 
premium as Larker at the ele
vato r and on the Minneapolis 
Grain Exchange. 

Even bett er variet ies may be 
on the wa y. Last yea r, some of 
Rasmusson's select ions had 2 
percent less protein than Larker. 
These low -protein select ions 
could perm it growers to fert ilize 
for maximu m yield and st ill 
achieve acceptable protein levels. 
However, their agron omic char
acters need to be im proved 
before th ey are ready for release. 

Other lin es also show prom 
ise. Some grow several inches 
shorte r than commonly grow n 
variet ies. Rasm usson says these 
semi dw arfs may yi eld we ll 
because th ey put mo re of th e 
photosynthate they produce into 
the gra in and less into th eir 
stems. They could also poten
ti ally reduce in-fi eld losses 
because they are less likely to 
lodge or fall ove r in adverse 
w eath er. In 1979, semidwarf line s 
ranked first and secon d in y ields 
in the statew ide t rials. 

Also promising are lin es w ith 
more th an th e usua l num ber of 
kerne ls per head and others that 
produce many t il lers, the seed
bearing stems th at gro w from a 
grass's base. These lin es evolved 
fro m the " ideotvpe" breeding 
prog ram Rasmusson has 
embarked on. He is trying to 
ident ify those characters- both 
mo rphological and phys iological 
-that contribute to efficient 
product ion, hoping to ult imately 
combine th em in an ideal plant 
type. 

Rasm usson is evaluating 16 
characters in his plant design 
program. They include things 
such as t i ller number and mor-
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Don Rasmusson compares a semidwarf selection with M orex (on the right), which is several 
inches taller. Some of the semidw arf selections have yielded very well in fi eld trials. They 
may also be of value in reducing in-field losses because they are less likely to lodge. 

talitv, length and diameter of 
stem, number of kernels per 
head, kernel wei ght, leaf size and 
angle , stomatal frequency, photo
period sensitivity, and the dura
tion of a plant's growth stages. 

This approach is complex, 
calling for the expertise of plant 
breeders, plant physiologists, and 
agronomists. The following str at
egy is employed for each charac
ter that's being evaluated: 

After the character is chosen, 
a search is conducted for genetic 
diversity. For some characters, 
diversity is readily available; for 
others, an extensive search is 
necessary . Frequently, more var
iation is needed than is available 
in adapted varieties. Then the 
breeder must learn how the 
character is inherited so it can 
be manipulated in the breeding 
program. 

The next step, incorporating 
genetic diversity for the character 
into a "good" genetic background, 
is the most laborious. Extremes in 
genetic diversity are often found 
in exotic, unimproved stocks. 
Overcoming deleterious gene 
linkages often requires several 
cycles of recurrent breeding or 
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several generations of back
crossing. The goal is to incorpor
ate the character into a variety 
w hile maintaining as much of the 
variety's original genetic make-u p 
as possible. 

Finally, one must ascertain 
w hether a character is yield 
promoting or not. If it is, the 
optimum form of that character 
for the environment in which the 
crop will be grown must be 
identified. 

Some doubt whether this 
approach will work with barley. 
They point out that an ideal 
plant type may perform well 
on ly under ideal growing 
conditions. Others say that 
incorporation of a desirable 
character often reduces or even 
negates the efficacy of another 
yield-promoting character. 

Physiologists Study 
Characters in Depth 

Plant physiologists Steve 
Simmons and Bob Wych are 
working with Rasmusson, hoping 
to better understand how certain 
characters affect yielding ability. 
Simmons is working with some 
of Rasmusson's lines, studying 

the physiology of the tillers th e 
barley plants produce. 

"Tillering can be important to 
productivity," he says. "A plan t 
that produces more tillers and 
heads may have an advantage 
under less-than-ideal conditions. 
Theoretically, if you increase 
head number, you should be 
able to increase yield." 

Simmons is finding consider
able variability in tillering ability; 
while Manker produces approxi
mately 750 shoots per square 
meter, one experimental line 
produces as many as 1,075 
shoots in the same area. Forty 
to 58 percent of the tillers that 
are initiated never produce grain. 
Although it's estimated that as 
much as 85 percent of the 
nit rogen in these aborted tillers 
is translocated to the surviving 
tillers, where it contributes to 
yield , the optimal tiller number is 
still unknown. 

Wych is studying the effect 
stem diameter has on a plant's 
ability to translocate carbohy
drates from its stem to the 
developing kernels. By exposing 
field -grown plants to a radio
isotope of carbon and measuring 
the subsequent distribution of 
the labeled carbohydrates, he is 
able to quantify the stem-to-head 
movement of the labeled 
carbohydrates. 

Says Simmons, "Whether or 
not we ever see a crop ideotype 
in production, the concept has 
been valuable because now 
we're looking at why a plant 
yields the way it does and 
considering more carefully the 
characters we want to 
incorporate in our plants." 

And, the research is providing 
Don Rasmusson with many 
interesting and useful breeding 
materials and valuable insight to 
how they can be used. He says 
anything that might result from 
his plant design work will-like 
any variety-ultimately have to 
prove its worth in yield trials or 
in farmers' fields by showing 
yield stability and the ability to 
perform well under varying 
environmental conditions. 

-Sam Brungardt 



The researchers' survey 
reached the state's larger woodStepping Backward processors- both primary manu
facturers, such as sawmills and 
pulpmills, and secondary manu
facturers, such as furniture and into the Future 

MIN NESOTA IS "ENERGY 
POOR." The state lacks sources 
of most of the major fuels. It 
does, however, have plenty of 
trees on its 13.7 millio n acres of 
commercial forest land and a 
large wood process ing industry. 
Hundreds of thous ands of to ns 
of wood waste-bark, chi ps, 
shaving s, and sawd ust-are a 
by-product of the state' s wood 
processing indu stry. In th e past, 
this waste has been considered 
mainly a disposal problem. But 
now it's being examined for its 
energy potential. 

Forest products scientist 
Steven A. Sinclair and research 
assistant David C. O'Brien 
recently completed a survey of 
Minnesota's wood processing 
indus try to determine how much 
of this residue is being produced 
yearly, how much is being used, 
and how it is being used. They 
needed this information to 
fo recast th e impact wood w aste 
products coul d have on the 
state's energ y needs. The last 
such publi shed survey was 
conducted in 1973, and other 
available information, Sinclair 
says, was "scattered and 
questionable." 

millwork firms. It revealed that 
these firms produced 849,010 
green tons of wood processing 
residues in 1979. Overall, 34 
percent of the reported residue 
was used for fuel, and 37 
percent was used for nonfuel 
uses such as animal bedding, 
wood pulp, and wood panel 
products. However, 29 percent 
of the surveyed firms' w ood 
processing wastes was not used. 

From their survey findings, 
Sinclair and O'Brien estimate that 
in 1979 a total of 414,000 green 
tons of wood processing residue 
was used for energy in 
Minn esota. This represents the 
equivalent heat value of 
approximately $10 million worth 
of fuel oil. 

However, w hile wood enjoys 
the genuine advantage of being 

Reported Wood Residue Quantity and Use 

State to ta l : 849.010 green tons 
Ut ilization : Fuel related 34% 

Non -fu el relat ed 35% 
Not used 29% 



Woo d w ast e pellets' higher ene rgy dens ity and low er moisture content red uces sh ipp ing 
costs and increases storing and handling ease. 

a homegrown product , it also 
has defini te disadvantages w hen 
compared w ith other fu els. The 
moisture in green wood low ers 
its available energy . Wood is not 
as simple or as clean to burn as 
gas or oil. The initial cost of a 
wood fu rnace is high. Wood is 
bul ky, therefore, expensive to 
tr ansport. It requires more 
storage space than other fuels. 
Thus, a larger vo lume of w oo.d 
is needed to produce the equrva
lent in Btu 's (British thermal 
units) th an is necessary w ith 
oth er fu els. 

Because wood is expensive to 
tr ansport, th e major users of 
w ood residues are the proces
sors th emselves. However, 55 
percent of the respon dents to 
Sinclair and O'Br ien's survey 
indicated th at they also sell part 
of their residue. Since th e 
residu es are bulky and difficult 
to t ransport and store, they are 
often processed-for example, by 
chipping or screening- before 
th ey are sold. Experi mentati on to 
compress wood residu es into 
pellets, a process known as 
" densificat ion," has been 
successful. It creates a uniform 
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prod uct for burn ing, but this 
process also uses energy. 

Most of th e residu es sold 
move di rectly f rom the processor 
to the user. There are only a 
few mi ddlemen in the business, 
but these deal in vo lume ; 
alth oug h on ly eight of the firms 
surveyed reported th ey sell to a 
w holesaler, th eir sales accounted 
for 49 percent of th e total 
vo lume of residue sold. 

Alth oug h w ood resid ue is 
used most easily and econom
icall y by th e processors 
themselves, other industri es and 
governmental inst itut ions have 
indicated interest in using wood 
residu e to provide all or part of 
their energy needs. The Grand 
Marais school system, for 
example, has heated its schools
Saw Tooth Elementary and Cook 
County High School- ent i rely 
with wood fo r th e past two 
heat ing seasons. 

Wood Waste Heats School 
in Cook County 

Gary Brum berg, business 
manager for Coo k County 
Schools, described th e decision 

to heat w ith wood : " For us, 
wood w as th e natural cho ice. We 
have no railroad, no natural gas, 
no shipping facilit ies. We have 
got wood. We buy most ly saw 
dust, but sometimes chips fr om 
Hedstr om Lumber Company, 
w hich is close to us. Before they 
began sell ing wood to us, they 
we re dumping it in a landfi ll." 

The district' s wood-fired 
heat ing system is working so 
we ll that a steam line is being 
run fr om the school heating 
plant to a neighboring hospita l 
and a nursing hom e. 

The cost of changing to 
a wood-f ired system? " We 
or ig inally calculated a payb ack 
period of 13 yea rs," Brumberg 
says. "But th at was based on 
40-cents-a-ga llo n fuel oil, w itho ut 
considering th e added fuel 
savings of heat ing the hospital 
and nursing home. I fi gure our 
payback period w ill be consid 
erably shorter, possibly fou r to 
five years. 

Last year wood processing 
residues supp lied 3.5 t ri ll io n 
Btu's of Minnesota's energy 
needs. Sinclair and O'Brien 
concluded from their survey that 
this amount could easily be 
almost doubled to 6.4 trill ion 
Btu's. 

The researchers hope their 
survey will play a rol e in inform
ing potenti al users of possible 
sources of residues. They hope 
to enco urage th e utilization of 
wo od pro cessing wastes, th ereby 
enabling more mon ey to remain 
in local economies w here it can 
exert a mult iplier effect instead 
of being "exported" to pay for 
increasingly expensive fossil 
fuels. 

And, w hile th ere are not 
enough wood processing 
residu es to suppl ant any of th e 
larger diminishing fossil fu el 
sources, using w hat is available, 
Sinclair points out, "does have 
the potenti al to dramatically 
reduce fossil fuel dependence of 
some specific indust ries or small 
communit ies." 

-Jennifer Obst 



•Nitrit • How Much Is Enough? 
WHAT DO HOT DOGS, bacon, 
spinach, beets, lettuce, and 
turnip greens have in common? 

They all cont ribute to our 
dietary expo sure to nit rite. Nit rite 
is a w idely used additive in 
cured meats. And, nitrate th at 
occurs as a natural compound in 
leafy green vegetables is reduced 
to nitrite by bacteria in th e saliva 
and digest ive tra ct. Consequ entl y, 
all th ese foods are involved in a 
controversy th at's been ragi ng 
fo r more than 10 years. 

What sta rted it all were 
repo rts im plicat ing nitrite as a 
precursor of carcinogenic (cancer 
causing) nitrosa mines in some 
cured meat products, especially 
cr isply fri ed bacon. These reports 
prom pted a Food and Drug 
Administration (FOAl and U.S. 

Department of Agriculture 
reassessment of guidelines 
for nitrite use in cured meats. 

It' s been a long and compli
cated process th at eventually can 
be resolved onl y on th e basis 
of reliabl e data . Univers ity of 
Mi nnesota food scient ists have 
been prov id ing such data in one 
im portant area-the relati onship 
betw een nitrite and botu lism, a 
bacterial pois on ing that can lead 
to paralysis and death. 

Accord ing to John N. Sofos, 
research associate in Food 
Science and Nutriti on, 
" Minnesota is one of a very few 
universities do ing botulism 
research direct ly applied to food 
pro ducts." 

Sofos explains that strong 
argume nts exist for cont inuing to 

Researchers have f ound that some of the nitrite in bacon cures can be safely replaced by sorbate. In th eir experim ent s, m ice were in ject ed 
with fluids fr om bacon cu red with v ar ious recipes to check for the presence of botulinal toxins (see related story, next page) . 
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John Sofos exa mines test-tu be "hot do gs" 
containing bo tu lina l spores. The incubated 
sa mples on the left cont ain no nit rite or 
sorbate. Their wax plugs have be en raised 
by carbon dioxide produced durin g the 
growth of th e C. botulinum bact erium. 

add nitrite to cured meats. He 
points out that nitrate occurs 
naturally in many foods, that it 
has been used for centuries as a 
preservative, that it produces the 
characteristic cured meat color 
and flavor, and that it prevents 
the development of " w armed
over" flavor. 

But most im portant ly, nitrite 
can be counted on to prevent 
botulism. In fact, sodium nitrite 
(the form used commercially) 
accounts in large part for what 
food microbiologist F. F. Busta 
calls the "phenomenal success" 
of the U.S. food industry in pro
tecting consumers from botulism. 

Botulism is caused by a toxin 
th at the Clostridium botulinum 
bacterium can produce at 
temperatures above 40 degrees F. 
This botulinal toxin may well be 
the most potent biological toxin. 
Canned foods and vacuum
packed meats provide suitable 
media in which the toxin can be 

Bringing Home the Bacon� 
BOTULISM IN FOODS has 
been studied exte nsively by 
University of Mi nnesota 
scient ists for som e time. So, 
when the USDA announced 
in the spri ng of 1978 its 
inte ntion to consi der reducing 
the allowable levels of nitrite 
and adding sorbate in bacon , 
scientists at the Andrew Boss 
Laboratory Meat Science on 
the St. Paul campus decided 
to determine whether this 
would continue to provide 
protection against botu lism. 
The resulting study, com
pleted a year later, was 
important both for its 
methodology and its 
conclusions. 

First, 4,000 pounds of 
bacon we re pro duced at a 
Cudahy Foods Company plant 
in Denver under actual 
commercial- not pilot plant 
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or simulated-production 
conditions. The bacon was 
cured according to five 
different recipes in which the 
amount of nitrite or sorbate 
or both compounds was 
varied. 

The bacon was then 
vacuum packed and 1,000 
pounds were frozen and sent 
by air express to the Andrew 
Boss Laboratory, where 10 
people spent a day and a 
half inoculating and repack
aging the bacon . To rule out 
variation between packages, 
12 packages of each cure or 
formulation were opened at a 
time and new half-pound 
packages were made up 
using a half slice from each 
of the original packages. Each 
of the 2,000 new packages 
was inoculated with either 
C. botulinum spores sus

produced if any C. botulinum 
spores happen to be in the prod
uct. However, nitrite delays or 
inhibits botulinal tox in formation 
in a manner that is not fully 
understood. Although botulinal 
spores are found only irregularly 
in cured meat products, botulism 
is so deadly that control must be 
absolute. 

Goal Is to Reduce 
Nitrite Level in Cured Meats 

Thus, efforts have have been 
directed not toward eliminating 
nitrite from cured meats but 
toward lowering nitrite levels by 
adding another chemical that can 
maintain effectiveness against 
botulism and not change product 
quality. The most likely candidate 
so far is an unsaturated fatty 
acid-sorbic acid-commonly 
called " sorbate" and already 
used in the form of potassium 
sorbate as a preservative in a 
variety of commercial products. 

90.0% 

Percent 

Botulism-Toxic 

Bacon 
58.8% Packages· -

..Nitrits Ipprnl 0 0_ 

Potassium sorbate (%) 0 --0.26 

pended in distilled water or 
with ster ile distilled water 
(as a control) before being 
resealed. 

The samples were then 
stored at 80 degrees F for 60 
days. Each day the packages 
were examined for the 
slightest amount of gas pro 
duction, which could indicate 
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Busta, Sofos, meat scientist 
C.E. Allen, and graduate student 
Kris Nelson have intensively 
investigated the effects of 
various combinations of nitrite 
and sorbate in bacon and all 
sorts of comminuted (finely 
ground) products containing beef, 
pork, chicken, and soy protein. 
As they vary the pH and other 
factors that affect botulinal toxin 
formation, they have been seek
ing the best combination of in
gredients while trying to answer 
basic questions about nitrite's 
chemical behavior in cured 
meats. 

Their studies with commi
nuted products follow a basic 
procedure: Meat and sometimes 
soy protein is mixed with other 
typical frankfurter ingredients, 
and C. botulinum spores. The 
concoction goes into an emulsi
fier developed by University food 
scientists and the electrical engi
neering shop, is extruded into 

22.0% 

0.4% 
0% 

_______ 40 80 .120 
______ 0.26 0.26 0 

the presence of botu linal 
tox in. Packages showing 
bubbles or swelling were re
moved and the contents were 
blended with a medium and 
centrifuged to extract toxins 
that might be present in 
the bacon. 

Next, the possibly toxic 
fluid was injected into two 

test tubes, cooked, and cove red 
with a wax. The resulting "hot 
dogs" are held together by the 
test tubes instead of the usual 
casings . They're comparable to 
commercial frankfurters in 
composition except that they all 
contain botulinal spores. 

The test-tube hot dogs are 
then incubated at 80 degrees F. 
This "temperature abuse" is 
much more extreme than the 
conditions to which cured meat 
products are ordinarily subjected. 
Records are kept on botulinal 
spore germination, outgrowth, 
and toxin product ion; resid ual 
nit rite deplet ion; and general 
microbial growth. 

" We've found th at in beef, 
pork, chicken, or soy protein 
frankfurters, nitrite level can be 
lowered from the current 156 
parts per million (ppm) to 40 to 
80 ppm w ith the addition of 0.26 
percent sorbate, with botulinal 
safety maintained," Sofos says. 

·Percent of botulism toxic bacon 
packages inoculated with Clos

tridium botulinum spores, forrnu
lated with or without nitrite and 
potassium sorbate, and tested 
during a 60-dav period of abuse 
at 80"F. 

mice. If either mouse showed 
signs of botulism or died 
with in four days, the sample 
was checked again on six 
mice-two wi th the orig inal 
sample, two with the sample 
after boiling to detoxify it, 
and two with the sample 
mixed with an antitoxin. This 
allowed the scientists to 

Possible Allergic Reaction 
Stalls USDA Act ion 

When the researchers 
conducted a landmark study 
involving a large sample of 
bacon produced under commer
cial cond itions (see accompany
ing story), they concluded that 
the level of nitrite used commer
cially in bacon could be safely 
lowered to 40 to 80 ppm w ith 
the addition of 0.26 percent sor
bate. A concurrent USDA study 
provided similar conclusions, yet 
no action has been taken to 
modify USDA guidelines because 
of vague suspicions of possible 
allergic reactions to sorbate that 
arose in the USDA study. 

This is unfortunate since, 
according to Busta, "Essentially 
no data are available to make a 
crit ical judgment of the allergy 
allegation. Considering the cur
rent consumption of sorbate and 
its chem ical identi ty, w idespread 

determine the percent of 
toxic packages that resulted 
when each of the five 
formulations was subjected 
to temperature abuse (see 
accompanying table) . 

According to food scientist 
John N. Sofos, two important 
conclusions were reached . 
The first, contrary to popular 
thought, was that gas pro
duct ion is not an adequate 
index of toxin development. 
The second was that the 
nit rite conten t of bacon can 
be reduced under commercial 
production cond itions from 
the current 120 ppm to 40 to 
80 ppm when 0.26 percent 
sorbate is added. In fact, the 
researchers found that a 
combination of 80 ppm nitrite 
and 0.26 percent sorbate was 
actually more effective in pre
vent ing toxin production than 
was 120 ppm of nitrite alone. 
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allergic react ions among 
consumers doesn't seem to be a 
reasonable prediction." 

Although Busta and Sofos 
expect to see more research con 
ducted on sorbate, it is difficult 
to say exact ly w hat w ill happen 
next in th e nitrite cont roversy. 
That's certainly f rust rat ing for 
consume rs and the meat packing 
industr y, but w hat about th e 
scient ists? 

Sofo s seems imperv ious to 
the f rust rations as well as th e 
controve rsy. " My goal is not to 
promote the use of nit rite o r 
sorbate," he says, " but to 
determi ne their effe cts on botuli
nal tox in formation. Our results 
are we ll docume nted and well 
respected, and th at is sat isfy ing 
no matter how slowly decisions 
are made." 

What is upsetting, says Busta, 
is to hear all egatio ns based on 
limited info rmat ion or innuendo 
th at are used to arouse or scare 
the publ ic about the foo ds th ey 
eat. "You cannot make judg
ments fr om hearsay," he says. 
" Furthermore, once suspici ons 
are cast, t hey do th eir damag e. 
Ret ract ions seldom have th e 
im pact of th e ori gi nal negative 
informat ion." 

The result is th at consumers 
are left wonder ing wh at is safe 
to eat. 

A Latin slogan hanging in 
Busta's office helps put th e 
nitrite controver sy into perspec
t ive and provides some reassur
ance. It says, " Sola dosis facit 
venenum, " which means, " Only 
th e dose makes the poison ." 
Busta exp lains th at everyone 
consumes many things th at can 
be toxic at higher levels or can 
cause def icien cies at low er levels, 
and that nearly any poi son can 
be diluted enough to not be 
toxic, even on an accumulative 
basis. 

He feels much mor e research 
is needed on concent rat ions, or 
levels, of ingredients, such as 
the kind of research he and his 
colleagues are conduct ing on 
nit rit e and sorbate to help keep 
cured meat products safe. 

-Sharon Farsht 
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Changing� 
Traditions� 
in Horse� 
Nutrition 

CHANGING TRADITIONS IS NOT 
usually a go al of research , but 
for R. M. Jordan, a Universi ty of 
Minnesota animal scienti st, it has 
genuine merit. 

" When we started horse 
nutrit ion research 1a years ago, 
there w as a good deal more 
provincialism," he says. "The 
only w ay many people fed their 
horses was the w ay their great
grandfathers had fed th eirs. 
There's still a lot of tradition that 
has cost people a lot of mo ney 
and too often results in inade
quately fed hors es." 

Jordan's research has helped 
dispel misconcept ions about feed 
quality, safe levels of toxins, 
necessary amounts of energy 
and prote in, and the va lue of 
feeds previously tho ught 
unacceptable for horses. 

Two pro ble ms plague Minne
sota's 60,000 hors e owners. First, 
Jordan notes, few are " suffi 
cient ly concerned to learn wh at 
their horses need ." Secondly, for 
those who are concerned, too 
little informat ion has been availa
ble. However, during the last 
10 to 15 years, at least eight 
state agricultural experiment sta
t ions, including Minnesota's, 
have done much to unravel 
som e of th e unkn owns and dis
pel much of th e mythology. 

Several year s ago, horse 
own ers became alarmed when 
sheep producers began los ing 
lambs from copper toxicity 
poisoning, a result of errors 
made in commercia l feed formu
lat ion. Although copper is an 
essent ial trace mineral for most 
animals, too large a dose can be 
fatal. The horse ow ners were 
concerned that their animals 
might also one day die fr om 
copper to xicity. 

To study horses' susceptibility 
to copper toxicity, Minnesota 
research ers fed gestati ng (preg
nant) mares a diet containing 
790 parts per million (ppm) 
copper for six months. No 
adverse effects occurred in either 
the mares or their foa ls, despite 
the fact that the National 
Research Council (NRC) had set 
the copper requ irements for 
horses at only 5 to 8 ppm. 



The horses w ere able to 
w ithstand the high coppe r levels 
because of their ability to excrete 
the element more eff ect ively than 
sheep, w hich tend to accumulate 
copper in huge-and eventually 
leth al- amounts in thei r livers. 

Corn Silage Found to Have 
Many Merits as Horse Feed 

Corn silage has long been 
considere d unacceptable, even 
dangerous, as a horse feed 
because of th e possibility of 
toxic bacteria and its low nutri
t ional quality. Aft er feeding pony 
mares corn silage over a three
year period, Jordan fou nd it to 
be an " inexpensive and safe" 
source of nutrients. 

Corn silage has the advan
tages of being the least costly 
fo rm of energy available and 
easy to store. In addit ion, it is 
relative ly dust f ree, an att ribute 
that helps prevent heaves, a 
pulmonary disease. 

However, it is normally def i
cient in the protein horses need. 
Jo rdan fo und this could be 
rectified at a modest cost by 
supplementing the silage w ith an 
unco nvent ion al source of nitrogen 
fo r prote in synthesis- turkey 
litter. The mares consumed the 
combin atio n readi ly and tripled 
their weight gains. 

In addition to identi fy ing w hat 
owners can feed the ir horses, 
Jo rdan has sought to determine 
how much they should feed. He 
discovered that mares fed at 
80 percent of the NRC-recom 
mended levels did not perform 
signif icant ly diff erent ly fr om 
mares fed at the full recom
mended leve ls, and that no dam
age occurred to th e foals. These 
f indings are important to the 
pleasure horse indust ry, as many 
ow ners, unaw are of w hat level 
to feed, oft en ove rfeed, resulting 
in obese mares that have mo re 
difficu lty foaling. 

On th e other hand, Stat ion
f inanced research has revealed 
that w hat th e NRC had consid
ered adequ ate protein leve ls for 
weanling ponies w ere so low as 
to signif icant ly reduce growth 
rates. It w as determined that 
ponies need at least 15 percent 
of th eir rati ons as protein, con
siderably higher than th e NRC's 
1966 recommendat ion, but st ill 
lowe r th an th e 22 percent that 
had been popularly believed 
necessary . 

Minnesota reseach has also 
re-established th e safety levels 
for intake of calcium and vita
mins A and D. If a horse is fed 
more phosphorus than calcium, 
it will develop abnorma l bones 

Animal scient ist Rob ert J ordan and grad uate s tudent Mar y lis check t he he alt h of a foa l 
born to a mare in one of the hors e nutrit ion experime nts. 

and hormonal imbalance. How
ever, it has been learned th at 
calcium can be fed in up to a 
10 :1 rati o to phosphorus w ith out 
danger. This has help ed prove 
that alfa lfa, w hich is high in 
calcium and once thought unsafe 
for horses, is in Jordan's words, 
" the queen of all forage." 

Most of St ate's Horses 
Are Kept for Pleasure 

The size of Minnesota's horse 
industry practi cally guarantees 
that nutrit ion research wi ll have 
an impact on th e state's econ
omy. Jordan says 95 percent of 
the state's 180,000 horses are 
"backyard" ho rses, kept for 
pleasure, not profit. This number 
includ es farm horses used for 
movin g and working catt le and 
other tasks. Feeding and ma in
taining these horses is estimated 
to cost $660 per animal annually. 
If one adds the costs of keeping, 
preparing, and tr ansporti ng th e 
state's 9,000 show horses and 
the value of all the horses in th e 
state, the tota l investm ent 
approaches $349 mill ion. 

As prices cont inue to inf late, 
feed, w hich has always been the 
biggest cost in keeping a hors e, 
becomes an even greater part of 
the horse own er's budget. The 
hope is that higher prices w ill 
softe n peop le's att itudes about 
horse feeds. "We made prog ress 
in 1973 and '74 when feeds were 
high pr iced," Jordan says. 
" People are more receptive to 
nutrit ion informat ion w hen 
feed pri ces are high." 

The researcher also hopes 
to educate peop le about horse 
nutrition whil e he's saving them 
money. Nutr it ion is not " a 
panacea for all horse prob lems," 
he warns, cla im ing that man y 
peop le " pil e on the supp lem ent 
trying to cure the ir own menta l 
anguishes." But som e know ledge 
of nutriti on is a must if an 
ow ner wants to feed his horse 
properly and econom ically. 

"We know the truth," says 
Jordan. " We now have an infor
mation base on which to make 
decisions" . .. and maybe the base 
of a few new traditions. 

-Keith E. Hansen 
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A married couple may choose t o remain childfree for various reasons. These may inclu de the desi re to have more time for maintaining 
their togetherness as well as retaining their individual freedom and mobi lity. 

THE FAMILIAR MELODY of 
Lohengrin's Wedding March once 
was the overture to the predom
inant tune of married life
Brahm's Lullabye. 

Couples married and began 
having children soon afterward. 
And if the expected pink and 
blue bundles never arrived, 
family and friends clucked their 
tongues and pitied the childless 
couple . Infertility had to be the 
cause, they reasoned, because 
no one would choose not to 
have children. 

No longer, says Richard N. 
Hey of the Department of Family 
Social Science. Toda y, between 
13 and 17 percent of married 
couples in the United States are 
childless, and it's estimated that 
at least half chose not to hav e 
children. 

Research that Hey and several 
of his graduate students hav e 
conducted over the last six years 
shows that remaining childless is 

12 MINNESOTA SCIENCE 0 SUMMER 1980 

a deliberate choice for many 
marrie d couples. It is such a 
conscious and positive choice, in 
fact, that many husbands and 
wives bal ked at the term 
"childless." They preferred 
"childfree" because of its mo re 
favorable connotation. 

Who are these couples? Why 
did they choose ch ildfree 
lifesty les despite pressure to 
follow the more traditional path? 

Hey bases hi s answers to 
these quest io ns on his research 
tea m's study of 275 couples who 
participated in w orkshops for the 
childfree. Part of t he research, 
funded by the Agricultural 
Experiment Stat ion, involved 
gathering data from a leng thy 
questionnaire that grew out of 
the workshops. 

On the average, the 
resear chers found, chil dfree 
couples were young (age 29 for 
women, 30 for men) and had 
been married more than six 

years. The ages of those who 
participated in the study, 
how ever, ranged from 20 to 
more than 60 and the lengths of 
the marriages were from 1 to 
more than 30 years . 

Career Com mit ment s Influence 
Decision t o Have Children 

The childfree couples were 
well educated. More than two
thirds of both the men and 
women were college graduates. 
From this, Hey concludes tha t 
the decision to remain childfree 
is lin ked to both partners' career 
commitments. He thinks that 
despite the women's liberation 
movement, most couples st ill see 
mothers as the primary source 
of childcare. 

Hey concludes, "The high 
level of employment (75 percent 
of the women) plus their level of 
education indicated to us that 
many participants were career 
women who chose not to defer 



or sacrifice career goals to 
chi ldbearing." 

Other motivations for 
remai ning child f ree included 
couples' desire to maintain th eir 
own togetherness as w ell as 
their indivi dual f reedo m and 
mo bility. Seventy percent of the 
respondents said having children 
wo uld inhibit companionship 
w ith their spouses. 

In addit ion , more than half of 
those surveyed said they feared 
the stresses th at children would 
bring to their lives. Economic 
st resses w ere not major facto rs, 
however; few cou ples listed the 
expense of child bearing as a 
dete rrent. In fact, w hen asked 
w hether they wou ld sti ll stay 
childfree if their incomes w ere to 
double, 80 percent said they 
would, Hey reports. 

A number of those surveyed 
said concern for the earth 's 
ecology affec ted their decision 
not to reprodu ce. Som e said they 
might consi der adopt ing children 
rather th an giving birth to them. 

" In general, w hat w e fo und 
was that childfree couples aren't 
much different fr om any cross 
section of married couples in the 
general populat ion," Hey says. 
" They didn't fit the stereotype of 
immatu re, selfish people w ho 
may be fearful of their abilities 
to raise children or w ho reject 
their own family ties." 

To the contrary, research 
based on the questionnaire 
results by graduate student Kaye 
Zuengler showed that mo re than 
50 percent felt they w ould be 
goo d or excellent parents. Only 
12 percent thoug ht they wou Id 
make poor parents. 

Careers Provide Cont act 
w ith Children, Families 

Hey notes th at many couples 
who decided not to have child ren 
are in occupat ions such as 
teach ing, social work, or health 
services w hich ofte n involve 
working w it h children and 
famil ies. 

Nearly all the respondents 
claimed to have good 
relationships with their parents. 
But despite this, approxi mately 
one-fourth of the childfree 
couples reported some parenta l 
pressure to have chil dren. 
Indeed , couples' paren ts were 
the most commonly ment ioned 
source of pressure in fav or of 
chil dbearing. About 16 percent of 
the respondents also noted 
pressure from the mass media 
and 30 percen t of the women 
and 16 percent of th e men 
reported psychological pressure 
because of the mixed feel ings 
about the decision. 

Hey th inks times are 
changing. The decision to remain 
childfree is better accepted now 
than a generation ago . Only 12 
percent of the men and 20 
percent of the women said they 
felt more pressure to have 
children at the time of the 
survey than they did w hen they 
first decided to remain chil dfree. 

"I think we were surpri sed 
that the couples reported as little 
pressure to have ch ildren as they 
did," Hey says. "Most of those 
questioned seemed to be 
com fortable w ith their decision. 

" We have always assumed 
that this is a pro-natal, pro-child 
society. It's true that there is 
great sentiment for children," he 
adds, " but what we may not 
have anticipated was the 
acceptance of seemingly contra ry 
lifestyles both by the childfree 
couples and those around them." 

Many of the research findings 
are still being evaluated. One 
researcher is comparing 
responses from middle-aged , 
childfree couples with data from 
couples of about the same age 
whose children are grown and 
living away. Another effort w ill 
compare data about the marital 
relationships, family ties , and 
daily activit ies of chil dfree 
couples with similar data from 
couples w ith children. 

-Diedre Nagy 

Many couples who decide not to have 
children are in occupations such as teaching, 
social work, or health services which often 
provide opportunities to work with children 
and families. 
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•Expan ing in og • 

Look Before Leaping� 
~ 

~E RECESSION has slowed 
expansion in many sectors of the 
economy, includin g agriculture. 
Yet, economists forecast th at hog 
prices w ill go up later th is year 
and interes t rates w ill probably 
drop. In addit ion, builders 
looking fo r w ork are giv ing cost
competit ive est imates on con
str uct ion pro jects . Now may be 
the ti me for farmers w ho w ould 
like to capitalize on the predicted 
higher hog prices to beg in 
plann ing to start or expand a 
swine operat ion . 

Whether to have a farrow-to 
f inish, feeder pig , or f in ishing 
operatio n and w hich ty pe can be 
a difficult decis ion requiring care
ful economic analysis. Ans w ers, 
of necessity, w ill vary w ith each 
individ ual. However, one thin g 
remains constant : Those farme rs 
wh o have thoroug hly scrutinized 
their situ at ions and deve loped 
sound fin ancial plans can expe ct 
the greatest success w hen the y 
knock on a banker's door. 

Agricultural economists 
Vernon Eidm an and Duty Greene, 
wh o have analyzed th e econom
ics of different conf ineme nt 
swine production systems in an 
Experiment Station pro ject, 
recently published the f indings of 
their stud y. 

" In th ese reports, w e evalu
ated conf inement farrow-to-f inish 
produ ct ion system s, conf inement 
feeder pig product ion syst ems, 
and conf inem ent hog finishing 
systems," Eidman says. " In each 
case, we described and evalu ated 
a low-, medium-, and high
inv estment opt ion by calcul ati ng 
annual ente rprise budgets and 
monthly cash flows. Then we 
compared th e results." 

Wh at the researchers found 
was th at th e more intensive 
systems provide a higher retu rn 
per hour of labor invested, but 
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The approp riate conf inement system depends on a producer's labor , management, and labor situation . 

LABOR MANAGEM ENT 
METHOD CAPITAL 

LI M IT ED PLENT IFU L 

4- L ITT ER 4-L1 TTE R 
INT ENSIV E FEE D ER PIG FARROW·TO·F IN ISH 

SEASONA L PROD UCTI ON SYSTEM SYSTEM 

OPEN - FRON T MOD IFIED OPEN FRONT 
FI NISHING SYSTEM 

MODERAT E 
FIN ISH ING SYSTEM 

CONTINUOUS CONTI NUOUS 
INTENSIV E FEEDER PIG PRODUCTION FARROW·TO·FINISH 

CONTIN UOUS SYSTEM SYST EM 

6-L1TTER 6- L1TTER 
MODERATE FEEDER PIG PRODUCTION FARR OW·TD-FINISH 

SYSTEM SYSTEM 

th at no one system was "best" 120 acres w ith a house, an ol d 
in all situat ions. dairy stanchion barn, machinery 

Says Greene, "Ea ch individual shed, and grain storage. He 
producer mu st examine his or produ ces primarily corn and soy 
her labor and capita l ava ilabili ty beans on th e cropland he ow ns 
as we ll as man agement exper and on an adjo ining 160 acres 
ti se. The cont inuo us farrow ing that he rents. Farmer A has been 
system requires a cont inuous working off th e farm w henever 
labor supply, a large investment, he has the time and work has 
intensive managem ent skills, and been available. He and his w ife 
higher risk. On the other hand, would like to get int o livestock 
the open-f ront finish ing syste m production. They woul d like an 
requires less labor, a sm all er operation that would ut ilize th ei r 
investment, and avoids the man exist ing buildings and th at could 
ageme nt problems of farrowing. be adapted to the seasonal 
Clearly, the ' right' syst em for an demands of their farm's cropping 
indiv idual producer depen ds ulti pro gram. 
mately on tha t producer 's labor They analyze th e merits of 
supply, managerial ability, convert ing the dairy barn to a 
fin ancial situ ati on, and personal farrowing and nurs ery fac ility. 
preferences." They decide to produce feede r 

Consider the following situ a pigs using a four-litter system 
t ions which illustr ate th e effe ct w ith farrowings in December, 
of labor, capital, m anagement, February, June, and August. 
and grain availabilit ies on system They feel this will allow them to 
select ion: utilize their seasonal labor and 

Farmer A is 35 years old. He some existing buildings. After 
and his wife recently purchased they improve their finan cial situ a



t ion , Farmer A and hi s w ife plan 
to add a f inishing unit so they 
can market mo re of their corn 
thro ugh the pigs they farr ow. 

Farmer B is 54. He has only 
a lim ited labo r supply because 
his two sons are in co llege. 
Howe ver, he produces and sells 
grain wh ich could be used in 
finishing rat ions. He and his wife 
do not wa nt the ma nagement 
problems of a farrow ing opera
tion so they are considering a 
fin ishing system in which they 
w ould buy feeder pigs to feed to 
market weight in abo ut four 
mo nths . 

Farmer B and his w ife need 
to look carefully at their capital 
and labor availabil ity, the envi
ron mental cons train ts, and the 
effect of w inter wea ther on feed
ing performance with different 
f inishing systems. Depending on 
the outcome of their analysis, 
they may choose a low-invest
ment, open-front or a moderate
investment, modified open-front 
finishing system. 

Farmer C is 39. He and his 
wife already operate a specialized 
feeder pig enterprise. They 
have a six-litter system farrowing 
16 sows every other month in a 
16-crate farrowing house with a 
partially slatted floor. They are 
considering expanding their oper
ation by finishing the feeder pigs 
they produce. However, they 
would have to borrow money to 
bui ld a f in ishing unit and pur
chase the grain req uired to feed 
the hogs to market weight. 

But Farmer C and his wife 
are neigh bors of Farmer B. The 
two families could form a part
nership or corporation. In either 
event, both families could ex
pand production by having 

Farmer C manage a continuous 
farrowing system and having 
Farmer B specialize in th e finish
ing and feed production. 

Decisions such as th ose that 
mu st be made in t hese hyp oth et
ical sit uat ions are ana lyzed in 
Eidman and Greene's three-part 
study on con finement systems,* 
which is just part of a study on 
the full range of swine produc
t ion systems . When the project 
is completed, data will be avail
able on operations ranging f rom 
a one -litter portable system to 
large, intensively managed 
systems, helping M innesota 
producers assess their op ti ons 
more know ledgeably. 

The researchers are also study
ing the changes in producers' 
production and marketing deci
sions. They surveyed a random 
sample of Minnesota swine 
producers to obtain data on the 
production systems and market
ing practices being used . These 
data will be compared with the 
results of similar surveys made 
in 1956 and 1961 to study indus
try trends. Eidman and Greene 
w ill use the data they gather on 
profitability of swine production 
systems and indust ry trends to 
study the competitive position of 
the state's swine industry and to 
project the number, size, and lo
cation of producers in the future. 

-Gail McClure 

"Three publ icat ion s by Eidm an and Greene 
descr ibe and evaluate confi nement systems. In 
them. mo dels of annual ente rpri se bud gets and 
mo nth ly cash fl ows for each system are ana
lyzed and compared. The pub licat ion s. Station 
Bull etin 535. An Economic Analysis of Three 
Confinement Hog Finish ing Systems ; Stat io n 
Bulletin 533. An Economic Analys is of Three 
Confin ement Farrow-to-Finish Production Sys
tems ; and Statio n Bulle t in 534. An Economic 
Analysis of Three Confinem ent Feeder Pig Pro
ductio n Systems. are available to Minn esota 
residents from th e Bullet in Room . 3 Coffey 
Hall. 1420 Eckles Av e.• Un iversity of Minnesota. 
St. Paul. MN 55108. 

Science N ote~
 

STATION RELEASES ... 
DISEASE·RESISTANT PEA 

The effort to develop peas with 
resistance to soil-borne diseases 
took another step forward last 
spring w hen the Experiment 
Station released a new breeding 
line, Minnesota 494-A11. 

Horticu ltura l scientist David W. 
Davis says the line is unique be
cause it carries resistance to sev
eral soil-borne diseases th at cost 
farmers many thousands of 
do lla rs in production losses each 
year. In Minnesota, 60,000-65,000 
acres of peas are grow n annua lly 
for the state's vegetab le process
ing industry. 

Minnesota 494-A 11 has 
moderate to high resistance to 
common root rot, the most de
st ructive soil-borne disease that 
plagues Minnesota pea growers. 
It also has resistance-ranging 
from high to intermediate- to at 
least three races of Fusarium 
w ilt, and moderate tolerance to 
Fusarium and Pythium root rots . 
No other garden pea is known 
to be resistant or to lerant to so 
many soil-borne pathogens. 

Disease-resistant plant intro
ductions from Afghanistan and 
Ethiopia are among the parents 
of Minnesota 494-A 11, a product 
of the Station's pea breeding 
program which was started by 
now retired plant pathologist 
Thomas H. King more than 30 
years ago w ith financial as
sistance from the Green Giant 
Company. 

Although Minnesota 494-11 
has characteristics, such as viney 
plant habit and small, off-colored 
seed, that preclude its being used 
for commercial production, the 
line shou ld be useful in develop
ing commercially acceptable, 
disease-res istant var ieties. In fact , 
University researchers have 
already used it to deve lop breed
ing lines, such as Minnesota 108, 
that are intermediate between 
494-A 11 and commercial varieties 
in common root rot resistance 
and commercial acceptability. 
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The tube silo was packed with the treated silages with a specially designed press. 

TUBE SILO IS TESTED 
AT CROOKSTON STATIO 

Last w inter, dairy scientist 
George D. Marx tested a new 
type of silo that resembles a 
giant sausage at the Northwest 
Experiment Station, Crookston. 
Marx says the silo, w hich 
consisted of a 100-foot-long 
cylinder of 8-mil polyethylene 8 
feet in diameter, wo rked well. 

The horizontal silo was 
outdoors on a concrete slab. It 
was used to ferment and store 
'corn silage treated with two 
sources of nonprotein nitrogen 
(NPN) that Marx used in cattle
feeding tests . Although some of 
the silage in the silo froze, the 
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chunks coul d be broken up and 
fed because of the silages' 
relat ively low mo isture content. 

The corn silages were packed 
into the tube silo with a mach ine 
called a "silopress." When the 
silages were ensiled, one was 
treated with feed-grade dry urea, 
a commonly used source of NPN, 
and the other with Pro-Sil, a 
commercial product that contains 
molasses, m inerals, and NPN. 

NPN is being used increas
ingly to provide nitrogen which 
ruminants can use to synthesize 
amino acids. Its use in rations is 
justified whenever plant protein 
feeds, such as soybean meal, are 
hig h priced. 

Marx's objective was to see 
whether urea or Pro-Sil was 
more economical for feeding 
dairy cattle. He added enough 
NPN to the corn silages to 
increase their crude protein 
content by 5 percent-to 13.85 
percent for the urea-treated 
silage and 13.48 percent for the 
silage treated with Pro-Sil. 

Marx fed the NPN-treated 
silages to Holstein replacement 
heifers and Holstein steers. 

The heifers received only 
NPN-treated corn silage. Those 
fed the silage treated with Pro
Sil gained an average of 1.83 
pounds per animal daily. Those 
fed the urea-treated silage had 
an average daily gain (ADG) of 
1.71� pounds for the 72-day test. 

Marx fed the steers as much 
of the NPN-treated silages as 
they wanted plus 8.0 pounds of 
coarsely ground barley per head 
daily for 90 days. Those fed the 
urea-treated silage gained an 
average of 2.72 pounds per day, 
while those fed the silage with 
Pro-Sil had an ADG of 2.65 
pounds. 

The dairy scientist concludes 
that animal performance (growth 
rates of the heifers and weight 
gains of the steers) was satis
factory and adequate w ith both 
NPN-treated silages . Palatabilities 
of both silages were similar and 
satisfactory, he adds. 
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