
Research to Improve Forage Use
 

FORAGES REPRESENT cash on 
the land for food animal farmers. 
But, although forages are an im ­
portant part of beef catt le, sheep, 
and dairy cow diets, since no 
money changes hands its value 
is often underestimated. 

Grasses, and legumes such as 
alfalfa are also products which 
animals can use, but humans 
cannot. Therefore, forages are 
one food source, unlike grains, 
for which animals and humans 
do not compete. Forages have 
other values too-for reducing 
erosion and making use of land 
not suitable for grain crops. For­
age research on several fronts is 
a story about how those advan­
tages are being investigated, 
how that undervalued resource is 
being re-valued. 

University of Minnesota Ex­
periment Station researchers are 
evaluating forages on many dif­
ferent levels: to determine better 
varieties and better ma nagement 
practices, and to determine how 
animal performance is affected 
by various forages. 

One aid to this research will 
likely be a new testing method 
recently developed to evaluate 
quality of forages. Gordon C. 
Marten, USDA forage researcher 
at the University of Minnesota, 
has been developing this 
method, called near infrared re­
flectance spectroscopy (NIR), as 
part of a national forag e re­
search team. 

Quality in forages refers to its 
protein content, its digestibility, 
and other nutritional values as 
well as its intake potential by ru­
minant animals. This testing 
method has already been used 
successfully to determine quality 
by soybean breeders and small 
grain researchers, Marten says, 
"But forages are much more 
complex chemically, much more 
diverse. Quality differs depending 
on the stage of maturation and on 
the genotype within the species." 
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Sheep grazing a permanent pasture. 

Beef cattle grazing improved grass. 



Jim Halgerson, associate scientist (fore ­
ground). and Gordon Marten test forage 
samples using NIR equipment. 

The testing m ethod w or ks by 
bombarding t he sam ple, which 
can be very small- only 2 gram s 
-with infrared wavelengths. That 
information is digitized and sent 
to a com pute r. The m eth od takes 
only m inu tes and can be used to 
determ ine (or pred ict) m ost of 
w hat is important to know about 
fo rage s. " Anyt hing th at is or­
ganic and tha t represents at least 
1 percent of the dry m att er can 
be predicted by thi s test ing 
m ethod, because w hat w e are 
really me asuring is bo nd ing be­
tw een carbo n and hyd rogen, ox ­
ygen and hyd rogen , and nitrogen 
and hyd ro gen. Even m inerals can 
be predicted if they're tie d up 
w ith an or ganic or if they are 
correlated with some substance 
th at is o rganic," Ma rten says. 

What Marten do es is co llect 
and test eno ug h sam ples of a 
gi ven type of forag e to develop 
an equ ation that can then be ap­
plied to all other forages of a 
similar type. "It takes about 50 
t o 70 samples to develop an 
equ ation that's going to be used 
for predict ion:' he says. 

But because forages can be 
so vari able, getting those repre­
sentat ive sam ples in th e first 
p lace is the challenge. " That 's 
not easy:' Ma rten says. "But if 

yo u can do that, then this meth­
odo logy can give you the right 
answ er. For example, if you've 
got a badly heat damaged pro ­
tein, which can occur in ensiled 
alfa lfa that's too dry, the NIR 
test can detect that, bu t on Iy if 
you had that kind of sample to 
beg in with in the calibration 
set. " 

M arten and his colleagues 
have gotten calibration sam ples 
for sm all grain forages, corn 
stover, perennial grasses such as 
reed canarygrass, birdsfoot tre­
foil, clovers, and alfalfa-all of 
th e forages most commonly used 
in Minnesota. "The important 
thing to remember," Marten in­
sists , " is thi s is not a m agic 
black box. It won't give you the 
answer unless you've given it 
the nece ssary information first. " 

Transferring the Technology 
to the Farm 

Th e next step is to test the 
techno logy on the farm. James 
G. Linn, University of Minnesota 
Ag ricu ltu ral Exten sion Service 
dairy specia list, and Neal P. Mar­
ti n, extension agronom ist, are 
cooperat ing in thi s part of the 
research. 

Th ey pla n to co llect forage 
sam ples from several farm s 
thr oughout Minnesota and com­
pare th ose test results to re­
search results previously done by 
Gordon Ma rten. As Linn says , 
" Marten has all resear ch samples 
and th ey lo ok very, very good. 
We w ant to see what happens 
w hen we go into farms where 
cond it io ns are not as well de­
fin ed and forage sam ples can 
range from one to several spe­
cies of plants." 

Linn and Neal Martin are hop­
ing eventually to obtain a mobile 
forage testing unit to use in edu­
cat ional programs. With this unit, 
the pro per methods of collecting 
forage sam ples for testing, the 

nutrient content of different for­
age species, and forages har ­
vested at different times and 
under different weather condi ­
tions can all be demonstrated 
right on the farm. Al so, Linn 
says a ration balancing prog ram 
is being planned to hooku p with 
the NIR forage testing equ ipment 
so that ration changes can be il­
lustrated as changes in forages 
occur. 

Only about one-third of Min­
nesota's dairy farme rs rout inely 
test forages and they are in gen­
eral the better producers. Forage 
testing alone did not make them 
better producers Linn says, but it 
is a tool they use to keep on 
top of their nutrition program 
and overall farm management. 

"It' s difficult to say how much 
money farmers save by forage 
testing and balancing rations, but 
almost all farmers who test for­
age s and use thi s information to 
balance rations either reduce 
feed costs or improve milk pro­
duction and increase income. 
Our goal with a mobile un it is to 
extend the educational knowl­
edge on forages and nutrition to 
Minnesota farmers and describe 
how the tw o can be put together 
into a cost effective management 
program," Linn says. 

Meanwhile the testing method 
has many potential applications 
in co nt ro lled research pr ograms. 

Testing Performance 
of Sheep and Dairy Cows 

The testing method not onl y 
can be used in forage breeding 
programs, but in management 
studies. "Researchers w ant to 
determine what influence cutting 
management, fertilizer pr actices, 
moisture stress, and other vari­
ables have on quality ," Gordon 
Marten says. 

Eventually Marten hopes the 
tests will help determine that 
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most crucial variable-animal 
performance. 

" That 's the ult imate. Th at 's 
what w e' re aiming for. Remem ­
ber, we know we can do it al­
ready for dig estibility and intake, 
and those are more easily mea­
sured than performance ," he 
says. 

Other university research ers 
are focusing on thi s same qu es­
t ion fr om different directions. 
Fred Ehle, University of Minne­
sota USDA animal scientist , has 
begun a long-term study evaluat­
ing the relat ionship between for­
age quality and milk product ion . 
John Don ker, animal science re­
search er, has also been measur­
ing dairy cow feed intake and 
response to hel p det ermi ne for­
age mana gement practices. 

Marten and Robert M. Jordan, 
animal science research er, are 
studying lamb product ion as af­
fecte d by forages to develop 
lower cost cropping systems and 
reduce erosion. 

All of th is study ing me ans 
scient ists take the value of 
w hat's grow ing in a fa rmer 's 
back yard very seriously indeed, 
and think farmers shou ld too . As 
Marten says, " Many farm ers 
haven't looked at thei r forages 
the same w ay they look at th eir 
grain s. They know th ey have to 
pay a lot of money for the 
gr ains , and for the protein sup­
plements, but many think fo rage 
is just someth ing that grow s fr ee 
out in the pasture and hayfield. 
But th ey are start ing to realize 
t hat forages are a very valuable 
nutr ient source." 

-Jen n if e r Obst 
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Controlling the Sources 
of Air-Borne Disease 

Martha Fuentes (seated) and Shinji Hoshiba assist Ken Jordan (right) at the cascade 
impactor, measuring the distribution of pathogens within a guinea pig 's respiratory 
tract . 

PNEUM ONIA'S NOTHI NG TO 
SNEEZE AT. Each year Minne­
sota livestock pr odu cers pay the 
pr ice in added veterina ry serv ices 
and medications; reduced effi ­
ciency of fee d conversio n, 
grow th, and reproduction; and 
higher animal mortality due to 
pneumon ia. 

Exact ly how much it costs
 
farmers is not know n, but con ­

sider the fo llowing:
 

•	 Pneumon ia and other respi­
ratory diseases kill 15 to 25 
percent of the dairy calves 
born each year in Minne ­
sota. Calf hood pneumonia 
is caused by Pasteurella 
haem olytica, the sam e pa­
th ogen that causes shipping 
fev er and enzootic pneumo­
ni a in o lder cattle. 

•	 In sw ine, Haemophilus pleu­
ropneumonia cause s pneu­
monia . It also triggers 
infections by Pasteurella 
bacteria . In slaugherhouse 
checks by stat ion veterinary 
scient ist Carlos Pijoan, half 
of the hogs had lung le­

sions caused by these 
pathogens. And, when doc ­
toral candidate Barbara 
Stra w examined carcasses 
from National Barrow Show 
entries, onl y 2 percent had 
no lung lesions. She and 
others est imate th at a mar­
ket hog 's mean daily gain 
is reduced 3 to 5 per cent 
for every 10 percent of the 
lungs affected by pneumonia . 

Air Quality Plays Major Role 
in Incidence of Pneumonia 

Veterinarian AI Leman, who 
heads the University's Swine 
Center, says, "Pneumonia results 
when bacteria and other patho­
gens and poor air quality com­
bine to overcome an animal's 
defense mechanisms. Both Hae­
mophilus and Pasteurella are 
transmitted through the air. Al­
though hogs, cattle, and turkeys 
have cilia in their upper respira­
tory tracts that act to eject 
invading pathogens, and macro­
phages in th eir lungs that ingest 



invading path ogens, these mech­
anisms are overcome by infec­
t iou s diseases." 

Leman says relative humidity 
is another important air quality 
variable. If it's low, there are few 
w ater vapor particles to carry the 
pathogens. Al though th e patho­
gens may be killed by desicca­
t ion , excessively dry air may also 
render the mu cocil iary escalator 
less effective. If relative humidity 
is very high, the pathogen-carry­
ing vap or part icles are large and 
can be t rapped by the cilia . 
However, the intermedi ate rel a­
t ive humidity preval ent in most 
livestock hou sing is probably 
harmfu l, Leman says, because 
the pat hogen-carrying part icles 
are of a size that can reach the 
lungs. 

" The aerody nam ics of resp ir a­
tory diseases are probab ly adapt ­
able to a number of species," 
Leman says. " Wh at is d ifferent is 
the envi ronments animals are 
kept in. Beef catt le are oft en ou t­
sid e, exposed to grea ter temper ­
ature and moisture flu ctuat ion s. 
Pigs , ch ickens, and turkeys are 
basically kept inside, w here the 
bacterial density of the air may 
be a th ousand times tha t of hu­
man dwell ing s." Dairy catt le are 
commonly con fined throughout 
th e winte r. 

That air qu al ity is very im por­
tant w as shown dramat ically by 
veterinary scientist John Ander­
son and agricultural eng ineer 
Don Bates. They exposed two 
groups of dairy calves in insu­
lated housing to different air 
ch anges: one air change per 
hour and four per hour (now th e 
stan dard minimum rate) . Chronic 
pneum on ia w as the rul e fo r th e 
calves exposed to the low ex­
change rate; nearly all w ere 
pneum oni c by th e end of th e 6­
week experiment. In contras t the 
in ciden ce of pneumonia in the 
ot her group hit an early peak, 
th en dropped to zero. Med icat ion 
cos ts for thi s group w ere only 

60 percent of those of the first 
group. 

Interdisciplinary Effort Focuses 
of Aerobiology of Pathogens 

While Anderson and Bates 
cont inue to w ork to improve live­
stock housing for better animal 
health (see accompanying story), 
agr icult ural engineer Ken Jordan 
is working with veterinary scien ­
t ists Carlos Pijoan, Sam Ma­
hesw aran, Kakambi Nagaraja, 
and Pat Redig to understand the 
dynamics of the air -borne patho­
gens t hat cause pneumon ia in 
sw ine, catt le, and tu rkeys. 

Says Jordan, " Our aerob iol­
ogy research addresses two 
quest ions. First, how are aeroso l 
part icles, inc lu di ng those that 
car ry pneumon ia-caus ing patho­
gens, deposited in the respi ratory 
t ract? Second, is it possible to 
vaccinate aga inst those patho­
gens w ith an aerosol?" 

To find answ ers to th ose 
questions, Jordan and the veter i­
nary scient ists are us ing a 
cascade impactor desi gned by 
mechan ical engineer Virg il Mar­
ple tha t' s equipped wi th a sp in­
ning top. 

The equ ipm ent w ill allow the 
scient ists to separate particles of 
an aerosol- say, an air sample 
fr om a livestock bu ilding-into 
gr aduated sizes. Becau se each 
pathogen has a character ist ic 
size, th ey w ill then be able to 
determ in e th e numbers of each 
pathog en in th e air sample. 

" We 're interested in par ticles 
in th e l -to-B m icron range," Jor­
dan says. " Hemoph ilus and Pas­
teurella are cy lindrical rods 0.5 
by 1.5 microns (1 micron equals 
on e-mill ionth meter). An ima ls 
breathe in pa rt icles smaller than 
that, but they are either 
exhaled f rom the lungs or are 
inact ivated by the macrophages. 
Partic les larger than tha t are 
genera lly t rapped in the nose or 

by the cilia of the upper respira­
to ry tract and expelled in the 
mu cus." 

Although Jordan 's sti ll cali­
brat ing the sp inn ing top, the 
re~ea:chers can see pract ical ap­
pl ications for the equ ipment. 

By being able to expose ani­
mals to an aerosol conta ining 
partic les of a given size, they 
will be able to learn where the 
par t ic les are deposited in the 
lung and learn more abou t a 
species' defense mechanism s. 

And, the equ ipment can be 
used to expose an ima ls to a 
specific pathogen. Th is w ill be 
done when Maheswa ran, w ho' s 
evaluating experi me nta l bovine 
Pasteu rell a vaccines, conducts 
challenge experiments to test the 
vaccin es' efficacy. 

" The equipment could also 
te ll us what cond it ions are nec­
essary in order to el im inate 
prob lems," Jordan says. " A 
veterinarian working w ith a com­
mercial sw ine herd with respira­
tory problem s m igh t be able to 
take a cascade impactor to the 
site and collect air samples. 
Knowing the relat ive numbers of 
pathogens pre sent w ould allow 
him to adv ise th e farmer on how 
to dea l wi th the problem. Per­
haps it wou ld mean modifying 
the anima ls' environment by pro­
vid in g mor e clean , pathogen-f ree 
air. Or perhaps it w ould mean 
disinfecting the premi ses or giv­
ing the an imals med icat ion . 

"In order to deal with an ail­
me nt , you've got to be ab le to 
ident ify the pathogen or patho­
gens that are causing it. Th is 
may be a usefu l too l to 
determ ine w hether a respiratory 
disease has an aerosol route or 
if it's be ing tr ansmitted in some 
other w ay." 

-Sam Brungardt 
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Farmers have used single dairy calf 
hutches {pictured immediately abovel 
for some time. John Anderson and Don 
Bat es designed the super calf hutch 
(top) to house calves after they out­
grow the single calf hutch, to red uce 
calfhood respiratory diseases. 
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A Super Idea for
 
Dairy Farmers
 
GOOD IDEAS are often surpris­
ingly simple. The super calf 
hutch that veterina ry scientist 
John Anderson and agricultural 
engineer Don Bates designed is 
a case in point. 

Dairy farmers often house 
calves in individual hutches until 
the animals are about two 
months old . In the past, the 
fates of calves, once removed 
from their hutches, were as var­
ied as each farmer's facilities 
and degree of management ex­
cellence . More often than not, 
health problems- including pneu ­
monia-ensued, especially when 
the calves were housed with 
older cattle . 

'.'The weak link in the growing 
chain has been what to do with 
the calves after they're removed 
from the individual hutches," 
Bates says. " When they're put 
with larger animals, they almost 
always get sick; they're exposed 
to too many pathogens all at 
once. Also , they don 't compete 
well for food and there are more 
stresses sociologically speaking ." 

Anderson says, "I 've seen 
year after year that eight calves 
are about as many that can be 
moved from the individual 
hutches and housed together 
without having major health 
problems. We designed the 
super hutch so calves can gradu­
ally become acclimated to their 
environment and develop natural 
immunit ies to pathogens, includ­
ing the 'bugs' that cause pneu­
monia." 

The idea for a super calf 
hutch began when Anderson 
helped a farmer modify a single­
car garage into calf housing . The 
farmer had had heavy mortality 
with his calves, which he nor­
mally housed with older cattle. 
The converted garage solved the 
problem. 

Later, Anderson and Bates 
worked wi th Bob Nelson, farm 
manager for Minnesota Valley 
Breeders Association, New 
Prague, to bui ld a prototype su­
p~r hutch capable of housing 
eight calves until they reach 400 
to 500 pounds. 

The prototype was modi fied 
somewhat to today's model. It's 
an unheated building with pane ls 
that can be opened or closed 
according to the weather. It fea­
tures a crowding gate and stan­
chion for treating calves and is 
built on skids so the bui lding 
can be towed off its pad for 
easy cleaning. 

Says Nelson: "Since we've 
started using the super hutches 
we haven't lost a calf. And we ' 
probably use only 20 percent as 
much medicine to treat sick 
calves than when we were using 
warm and semiwarm housing . 
Although we're already saving 
money, the real payoff will come 
in added production, and we'll 
have more animals to sell or 
more from which to choose re­
placements for our cow herd ." 

" With the super hutch, you 
get healthier animals with sound 
lungs that are capab le of ex­
press ing the genetic capability 
that's bred into them," Anderson 
says. "We've really altered the 
epidemiological aspects of calf 
housing and in this way, we're 
helping farmers app ly basic 
bacteriology." 

The super calf hutch has un­
questionably filled a void that 
existed in calf rearing facilities . 
~early 1,000 copies of plans for 
It have been distributed at cost 
by Hoard 's Dairyman following a 
feature article by Bates and An­
derson. Minnesota Agricultural 
Extension Service Publication M­
167 Building a Super Calf Hutch 
containing construction and ma~­
agement details is avai lable to 
Minnesota farmers from their lo­
cal county extension office. 



The Mating Game­

Improving the Odds
 
WHEN SWINE PRODUCERS pur­
chase young boars for breeding, 
they are really buying a pig in a 
poke. There's a good chance that 
the boar's fertility is not up to 
par, but at present there's no 
way to know for sure. 

When dairy producers use ar­
tificial insemination, they have 
found that attempts to insemi­
nate cows fail to produce preg­
nancies about 40 percent of the 
time. 

Fertil ity problems such as 
these can cost farmers millions 
of dollars annually. Each failure 
to im pregnate a cow, for exam­
ple, results in a cost of $1.50 to 
$2.00 a day until the next mating 
cycle, whi ch occurs in about 21 
days. That's roughly $40 a cow 
and, with more than a million 
dairy cattle in Minnesota, it's 
easy to see how even one 
missed cycle can be very costly. 

Sows usu ally farrow twice a 
year. If, in each litter, there is 
one less piglet born because of 
fertility problems, that amounts 
to a loss of $108 a year per 
sow, based on the ap proximate 
current market valu e of $54 per 
pig. Multi ply that by the 8 mil­
lion sows in this cou ntry and 
again it's clear that low fert ility 
carries a very hig h price tag. 

Improving the fertility of farm 
animals and eliminating some of 
the gue sswork are major goals 
of reproducti ve physiologists in 
t he Department of Animal Sci­
ence . Research focuses on many 
aspects of this complex topic. 
Several anima l science research 
projects concentrate on ovulation 
and breeding. For example, J. E. 
Wheaton and W. J. Boylan have 
been inducing ewes to ovulate 
by tr eating them with hor­
mones-research that may allow 
production of two lamb crops 
per year. A. G. Hunter has gen­
erated mature cow eggs in vitro 
(outside the w om b) from primary 

Pigs are the most prolific animals raised for meat, but fertility problems can cost 
far mers milli ons of dollars annually. 

Researchers J.E. Wheaton and W.J. Boylan are investigating ways to induce ewes to 
ovulate, which may allow the production of two lamb crops per year . E.F. Graham's 
research deals with the ram's role in reproductive efficiency, as well as turkey, bull, 
and boar fertility. 
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oocytes (cell s from ovarian tissue 
which can develop into mature 
eggs). This technique has the po­
tential of producing thousands of 
em bryos from a single ovary­
making an outstanding cow as 
important as the outsta ndi ng 
bull. M.E. EIHalawani has been 
studying the role of neuro­
transmitters in regulating broodi­
ness in turkey hens to improve 
egg production. 

Several research projects are 
concerned with the rol e of th e 
mal e in reprod uctive efficiency. 

Fertility and 
Artificial Insemination 

Preservat ion of anim al sem en 
has long been a concern of E. F. 
Graham, professor of animal sci­
ence. He has w orked for more 
th an 30 years on research re­
lated to artif icial insemination 
(AI). 

The impact of Alan animal 
husbandry has been im pressiv e. 
For example, 100 percent of all 
turkeys are now art if icially inse­
minated. Thi s has permitted the 
eliminat io n of t hree fourths of 
the toms needed for bree din g. 
Mil k producti on in th e past 25 
years has doubled, in large part 
because of genetic select ion 
made possible on a large scale 
by AI. A good bul l can cost fr om 
$10,000 to $20,000, w hereas that 
same bull's semen can be pur­
chased for about $5 per cow, 
making the economic advantages 
of AI accessible to most farm ers. 

The usefulness of AI has been 
greatly enhanced by the develop­
ment of cryopreservat io n- sto ­
rage of semen at temperatures 
of -320°F. " It is now possible to 
preserve desired genetic traits fo r 
generat ions to come- fo r 10,000 
years," says Graham. 

But despite the advances in 
long-term preservation of genetic 
materi als, there are sti ll problems 
related to fertility. For exam ple, 
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Both Bo Crabo (left) and Ed Graham believe that for animal producers. increased 
productivity can often best be accomplished by increasing the number of offspring. 

fr eezing reduces the fertility of. 
boar, ram, and turkey semen. Al ­
th ough cryopreservat ion does not 
har m th e fertility of bull semen, 
there is still a need to improve 
the chances for a successful im­
pregnat ion by AI beyond the 
current 60 percent rate . The chal­
leng e for Graham and his associ­
ates is to develop w ays to 
improve and guarantee the qual­
ity of fr ozen semen. 

Several approaches to this 
problem have been tried, includ­
ing research on the chemistry 
and cell structure of semen . One 
result of th is research has been 

a method to filter out dead and 
abnormal sperm cells . Removal 
of these cells can help increase 
fertility and reduce embryonic 
death . 

"By measuring the sperm 
count before and after filtering, 
we can tell how many good cells 
have passed through," Graham 
explains. This technique provides 
a mechanism for quality control 
of semen . 

The techniques used to pre­
serve semen are another impor­
tant focus of fertility research . In 
fact, according to Graham, 
changes in preservation tech­



niques have given the best re­
su lts in exp eriments designed to 
improve semen fertility . The se 
techn iqu es include improvement 
of the buffer material-that is, 
the substance that ma kes it pos­
sib le for semen to be used to 
im pregnate, say, 500 cows in ­
stead of just one. Thi s buffer 
material is not the same for all 
species, and so experiments are 
performed w ith a variety of 
chemical com ponents in order 
to fin d the best com binat ions for 
exte ndi ng th e use of th e sem en 
of bulls, boars, rams, and 
po ult ry . 

The cryoprotect ing agent­
the chemi cal that protects the 
sperm cell fro m damage due to 
f reezing-is also being st udied. 
An oth er thrust of thi s research 
co ncerns variables such as 
freezing rates, thawing rate s, 
packag ing, and other factors in­
fluencing the handling of f rozen 
seme n. 

A related area of Graham's 
research involves the problem of 
low-fertili ty bulls. Dai ry associa­
t ion records show that, month 
afte r month, semen f rom certain 
bulls w ith ot herwise superior ge­
neti c qualiti es consistent ly pro­
du ces fewer pregnancies. Semen 
f ro m some bull s w ill impregnate 
80 percent of the cow s that are 
artifi cially insem inated, w hereas 
other bul ls have on ly a 50 per­
cent success rate. It 's not clear 
w hy part icu lar bull s are low in 
fertil ity, but , Graham beli eves, an 
improvement in sperm preserva­
tion techn iqu es may have a ben­
efi cial eff ect on thei r fe rt il ity 
rates. 

Reproduct ive research on one 
species often pro v ides im po rtant 
basic info rmation that can be 
used in understanding fertility of 
othe r species. There is a growing 
aw areness in th e animal industr y 
of th e need for reprodu ctive re­
search on all farm animals. The 

Nat iona l Pork Producers Associa­
ti on, for example, has identified 
fertil ity research as one of its 
major research priorit ies. 

Boar Fertility Affects 
Sow Productivity 

Reproductive phys iologist Bo 
Crabo is att empting to identify 
factors affe cting fertility in swine. 
"The U. S. ranks among the 
worst in th e world in pig fertil­
ity," Crabo points out. "The pro­
duction of market hogs per sow 
is less than 10 per year, com­
pared w ith 14.8 in Ireland, 14.5 
in th e United Kingdom, and 13.6 
in West Germany. We suspect 
that thi s low product ivi ty is due 
in large part to the boar. " 

Crabe 's work on swine fert i lity 
began in 1970, short ly afte r re­
searchers at the Un ivers ity had 
deve loped a successful method 
for pre serving frozen boar se­
men. In studying the fertility of 
boar semen, Crab o discovered 
that of 700 boars tested, one­
third had subfert i le semen . 

" The swine industry has lon g 
recognized the fertility problem 
of boars," Crabo notes. "The 
standard recomm endation of th e 
indust ry has been to bre ed two 
boars with each sow ." 

A lt hough increasing th e preg ­
nancy rate of sows is important 
to swi ne producers, th e boar's 
fertil ity may have a more seriou s 
and long -lasting effect on sow 
productiv ity. The factors aff ect ing 
th e fert ility of boars may be in­
herited by th eir daughters. Crabo 
has found that th e hormone that 
cont rol s egg development in fe­
males is the same as the one re­
spo nsible for testicular growth in 
boars. So it ' s possible that the 
growth of a boar's testicles can 
be rel ated to the number of 
eggs that his daughters will 
produce. 

" The size of the litter is of 

great importance in sw ine pro­
duction," Crabo says. "The 
development of even one mor e 
egg per fema le can have a 
temendous effect on sow 
productiv ity." 

In order to learn more about 
the hormones affecting swine 
fertility, Crabo is studying the 
growth of the boar's testicles. 
Experiments have shown that th e 
testes of boa rs grow twice as 
fast as their bodies during the 
first 20 days of life. By study ing 
the hormones present during 
the se crucial early stages of pre­
puberty , Crabo is seeking to cor­
relate the gr owth of the boar' s 
test icl es to a spec ific ho rmon e. 

His research entails cast ration 
of boars at the ages of 1, 5, 10, 
15, and 20 days and biweekly 
thereafter until 5 months of age. 
Certain boars are hemicastrated 
(that is, one testicle is rem oved), 
which results in an accelerated 
growth of the remainin g testi cle. 
The variat ions in growth rate are 
correlated wi th th e level s of ho r­
mone present in the testes. 

Ultimately Crabo ho pes to 
find a method to test young 
boars for fertility . " Boars are 
tested for everything except fer­
tility," Crabo notes. "Most of th e 
tests are for traits related to 
grow th- how much fe ed is con­
sumed, how fast pigs grow , how 
many pork chops they'll make. " 
Crabo readil y concedes that 
growth is one of the two most 
im portant areas of research 
in anim al science. But the other 
- reproduct ion- is equa lly 
im portant. 

For animal producers, in­
creased productivity can often be 
obtained best by increasing the 
number of offspring . Crabo, Gra­
ham, and their coll eagues are 
do ing the ir best to he lp farmers 
achieve that goal. 

-Louise Jones 
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Research to Keep 
Your'Ham Salad Safe 

IT STARTED OUT as a pleasant 
outing. Everyone at the picn ic 
was having a wonderfu l time. 
But with in a few hou rs after eat­
ing a del icious lunch of ham and 
potato salad , many of the pic­
nickers began feeling ill . What 
happened to spoil the picnic? 

There's a good chan ce they 
were vict ims of staphylococcus 
food poison ing, one of the two 
most common causes of food 
borne ill nesses in the Un ited 
States . Foods usually invo lved in 
staphylococcus food po isoning 
are processed meats, eggs, and 
cheese dishes-foods that are 
kept at intermediate tempera­
tures, and dishes tha t requ ire a 
lot of hand ling in the ir prepara­
t ion. The m icroorgan ism, there­
fore, is a potential prob lem for 
both processors and consu mers. 

Sita Tat in i, M innesota Agricu l­
tura l Experiment Stat ion food 
science researcher, has been 
studying the organism for sev­
era l years. Tatini explains that 
wh ile certa in amounts of staphy­
lococci are always present in 
food, excessive amounts can 
grow and pro duce an enterotoxin 
w hich w ill cause fo od po isoning. 
And very small amounts of th is 
enterotoxin can spell trouble. So 
far , foo d chem ists have identi fied 
six types of enterotoxin , all of 
which produce diarrhea, vomit ­
ing, and severe stomach cramps 
with in two to four hours of con­
sumption , even w hen pre sent in 
m inute amounts. 

Tat in i 's research focuses on 
three ma in questions : What con­
ditions lead to outbreaks of 
staphylococcus food po ison ing? 

Ham can be vulnerable to development 
of staphylococcus toxins because it is 
handled a lot in food preparation. 
Cheese and processed meat are more 
likely to develop staph through pro­
cessing failure. 
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Are there inexpensive and accu­
rate ways to test for the pres­
ence of the toxin? Are there any 
ways to inactivate the toxin? 

The toxins which cause the 
poisoning are actually a kind of 
protein . " But these proteins are 
unique in that they are not af­
fected by most of the normal 
ways to denature (inactivate) pro­
teins, " Tatini says. "They are not 
affected by heat, so home cook­
ing temperatures or even com­
mercia l pasteurizat ion wil l not 
destroy the toxin once it is pro ­
duced. To top it off, they are re­

sistant to acid , antibiotics, high 
sugar, and low water content in 
food, " he says, citing the usua l 
methods of controlling toxin de­
velopment. "The loss of so many 
of our normal control mecha­
nisms means that if the microor­
ganism grows in food at any 
point during preparation and 
storage, there is no known way 
to get rid of the toxin . The food 
has to be condemned," Tatini 
says. For the processor, that can 
be a very expensive solution. 

In the past few years, there 
have been severa l outbreaks of 



Margarita Gomez, research assistant, 
(foreground) and Sita Tatini examine a 
mea t sample tested for toxin . The pin k 
ring starting to for m around the sam­
ple indicates that staph is present. 

staphylococcus food poisoning 
attributed to processed cheese 
and salami. Tati ni's resea rch is 
helping to identify the causes of 
these outbreaks. 

"Use of raw milk in cheese 
pro duction increases the risk of 
contaminat ion," Tatini says . 
"Pasteurization will destroy or­
ganisms that exist in any masti­
tic milk. But even pasteurized 
milk can be recontaminated. In 
the case of fermented sausage 
such as pepperoni or salami, the 
meat is used raw and can be 
contaminated. 

"We were looking for changes 
in processing that would account 
for the recent outbreaks," ex­
plains Tatini. "In the normal 
process of fermentation, the sta­
phylococci, even if present, 
shouldn't be able to compete 
successfully with the fermenta­
tion bacteria, and shouldn't be 
able to grow. We wanted to find 
out why they were." 

Tatini discovered that if fer­
mentation goes wrong at some 
point, the staph organisms are 
able to grow. Improper sanitation 
encourages contamination and 
the organisms will be able to 
reach a toxic level much sooner. 
Sausage fermentation at temper­
atures higher than 90° F., a re­
cent innovation, also gives the 
organism a better chance to 
grow. 

"And, of course, once the 
toxin has been produced, heat­
ing, aging, drying, or acidity 
won't help. The product has to 
be destroyed," he says . "Careful 
monitoring of the fermentation 
process is vital to preventing 
these losses." 

To help in that monitoring 
process, Tatini has been develop­
ing a test for suspect food. The 
only test now available is a time­
con suming laboratory procedure 
th at can cost up to $500. "We are 
developing a simple test that can 
be done fairly quickly. It can be 
run in about two hours for about 
$5," Tatini says. 

This test also solves one spe­
cial problem in identifying poten­
tially contaminated food . The 
problem is that the staph can 
grow, produce the tox in, and die 
off, which makes contaminated 
food appear safe, since the staph 
is no longer present even though 
its poisonous product is. Tatini's 
test indicates the presence of a 
heat-stable enzyme produced by 
the staphylococci. While only a 
few types of staph organisms 
produce the toxin, they all pro­
duce the enzyme. So this test is 
a simple way to mark suspect 
batches. This tells the processor 
which foods need to be de­
stroyed or have the more com­
plex testing before release. 
Tatini's new test has already been 
used successfully in Canada. 

Since contamination of food 
with staphylococcus produced 
toxin can be a severe economic 
loss for the food processing in­
dustry, Tatini has not only been 
researching ways to detect it 
before it reaches the consumer, 
but possible methods of inacti­
vating it. 

His research has indicated 
one promising direction. Tatini 
has discovered that tannin, the 
element which produces the as­
tringent taste in unripe fruit, 
such as persimmons, seems to 
react very quickly with the staph 
toxins. Tatini has found that con­
taminated fruit to which high 
levels of tannin have been added 
do not produce symptoms of 
poisoning even when the entero­
tox in is present. This implies that 
tannin inactivates the toxin . "We 
need to do quite a bit more test­
ing before we are sure this may 
have practical potential, but it 
appears to be a very promising 
line of research," Tatini says . 

Meanwhile, "since we can't 
prevent food from being contam­
inated by staphylococcus, we 
need to use safe food handling 
practices to minimize the chance 
of illness," he says. "The first 
thing is to limit the amount of 
contamination. This means using 
good sanitation practices. The 
second thing is not to allow pro­
duction of the toxins, by making 
sure that food is always kept ei­
ther cold (below 45°Fl or hot 
(above 140°Fl." 

Staphylococcus food 
poisoning is a serious problem 
for the United States food pro­
duction system. But through re­
search such as this, Tatini and 
his colleagues may make this a 
safer world to picnic in . 

-Denise Bonebright 
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Farm Management­
Does It Compute? 

At the David Nelson 's 50 Hol stein dairy farm , Rush City, a microcomputer is getting 
frequent use. Dave Nelson (standing) and his son Mark (seated) say they use their 
microcomputer for accounting and farm management tasks, breeding, and ration bal­
ancin g, and in t he year they 'v e had it, it 's already paid for itself. 

MICROCOMPUTERS and animal 
research are a gre at com binat ion. 
The match-up is ful l of possibili ­
ti es and th ose possibil it ies 
are on ly just beginnin g to be 
explo red. 

The m icrocom puter has al­
ready been useful in collect ing, 
storing, and sort ing th e data th at 
research generates and helps sci­
enti sts make accurate deduct ion s. 
University of Mi nnesota Exp er i­
ment Stat ion anima l researchers 
use computers in a mu lt itu de of 
w ays. Some examples are re­
search on balanc ing rations fo r 
poultry, health monitorin g of 
farm animals, and developing a 
simulat ion of swine gr owth in re­
lati on to diet and envi ronm ent. 

Microcomputer potent ial is 
now being tapped on th e farm, 
wh ere the impact has been 
called revolutionary- as revolu­
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ti onary as the sw itch to t ractors 
fro m plow hor ses that began in 
the 1930s. Earl Fuller, experiment 
sta tion research er in manage­
ment informat ion systems, has 
been look ing at that impact and 
potential for Minnesota farmers. 

There are over 3,000 micro­
com pute rs on Minnesota farm s 
tod ay. Dairy, swine, and beef 
producers use computers to track 
superio r animals for breeding, 
cand idates for culling , feed and 
w ater consum pt ion, and changes 
in rat ion s and weight gain. 

" There are potential payoffs 
(in using a computer) for any 
size com mercial farm in the 
state," Fuller believes, "but per­
haps especially for smaller farms 
because it gi ve s th em access to 
information and decision aid s 
that had been only available to 
larger operat ions." 

His research has shown that 
any fa rmer who take s computers 
seriously can find them useful , 
but in some surprising ways. "In 
the systems I have looked at, th e 
computer is paying, but it ma y 
be paying in ways the purchaser 
hadn't planned on," he says . The 
computer is valuable for retrieval 
and storage of data and it also 
improves communication within 
the farm business. As an exam­
ple, Full er says, " The usefulness 
really takes off when mama 
takes care of the accounts, papa 
knows what goe s into them, and 
a junior partner records th e 
swine records." Several people 
start sharing the data base, 
and each can more easily find 
out from the other what needs 
attention . 

Fuller sees compute rs giving 
farmers a greater sense of mana­
gerial control over their opera­
tions. Having and using a 
computer, Fuller has foun d, also 
means major changes in how 
farmers use their time. They find 
them selves spendi ng more time 
at a desk. This means changes 
in how farmers see themselves 
and their job. For exam ple, Fuller 
explains, "Farmers are buying 
w ord processing software to 
go with their computer w hen 
many have never even owned a 
typewrite r." 

Fuller has been investigating 
the kinds of "data of high infor­
mation potential" needs, and he 
believes a phone modum is an 
important part of the com puter 
system, to allow the farm er to 
plug into a number of data base 
systems. "A farm computer sys­
tem must have the capability to 
pick up data fr om oth er places, 
universit ies and pri vate firm s," 
he says. 

Th ere are more and more of 
these data bases being offered, 
as well as software being devel­
oped specif ically for the animal 



producer. EXTEND is a M inne­
sota Agricutural Extension Ser­
v ice data base and comput ing 
network now available through 
about 25 percent of county ex­
tension offices. AGNET is a col­
lecti on of program s from a 
gr oup of 10 states and origin ates 
at th e .University of Nebraska. 
Access to daily com modity ma r­
ket dat a and w eather data are 
other possibil iti es for com pute r 
ow ners. 

"The hard ware ma y have 
more glamour, but the im portant 
part of a com puter is it s soft­
w are," Fuller emphasizes. Soft­
ware is being developed by th e 
University of Minnesota and 
other land gr ant universit ies to 
help with decision-making and 
problem-solving. For example, 
DECAIDS and MINN-AI DS- Com­
puter Decision Aids fo r Tim e 
Share and Micro Com puters­
help w ith deci sions on w hether 
to buy or grow corn , to raise or 
purchase feeder pi gs, to lease or 
buy certain fa rm machinery, to 
take cash di scounts, or to buy 
fer t ili zer in the fall. 

Com puters are likely to be­
come even more ve rsati le, Full er 
believes, as the y becom e more 
and more por table. Eventually, 
he foresees computers in th e 
cabs of com bines and other farm 
mach inery. The re alrea dy is a 
porta ble , battery-operated com ­
pute r th at can be used in th e 
barn or out in th e fi eld fo r im­
mediate recording. 

Computers, Fuller be liev es, 
are not just a fancy subst itute 
for a file cabinet o r stack of in­
dex cards ; the y are efficient stor­
age and retri eval systems . Micro­
computers are expanding and 
chang ing the manag ement co n­
t rol options for farm ers and at 
th e same time changing the w ay 
farmers view themselves. 

-Mary Kay O'Hearn 

Science Notes
 

WHITE LUPINS A 
POTENTIAL ALTERNATIVE 
PROTEIN SOURCE 

High quality protein rations are 
essent ial for food producing ani­
mal s. Southern Minnesota has 
soyb ean meal available for this 
necessary protein, but in areas 
where soybeans are not grown, 
it makes sense to use locally 
produced protein crops. Recently, 
the spotlight has been on white 
lupins as such a crop. 

White lupins (Lupinus a/bus) 
have been available in many 
part s of the world; however, 
th eir use has been limited be­
cause th ey contain quinolizidine 
alkaloids , wh ich are toxic. Re­
cent ly , plant bre eders have pro­
duced white lupin s which have a 
low er con tent of alkaloids and 
other toxic components. 

Jim Halvorson, Mohamed 
Shehat a, and Paul Waibel, re­
searchers in the Department of 
Animal Science, have conducted 
two experiments on the feeding 
value of wh ite lupins for turkeys. 
Resul ts show ed that with 60 per ­
cent w hite lupins in th e diet of 
young start ing turkeys, growth 
wa s 83 percent as great as a 
cont ro l gro up fed no lupins. With 
o lder turkeys, compl ete replace­
ment of soybean meal protein by 
lupin protein resul ted in 85 per­
cent of contr o l growth. Further, 
there was no evidence of any re­
duction of th e gen eral health of 
the birds. Female turkeys 8 to 12 
weeks o ld and male turkeys 0 to 
3 weeks ol d accepted 10 and 15 
percent of lupins in their diets, 
respect ivel y, w it h no reduction in 
perform ance, but higher levels 
resulted in incre asi ng ly de­
press ed gr owth. 

W hite lupins contain about 32 
percent protein, 9 percent fat, 
and 12 percent fiber. Their 
am ino acid content is fairly good 
except they are low in methion­
ine. Tests are current ly being run 
to determin e the role of fiber in 
t he lupin seeds. The researchers 
w ant to learn whether decortica­

t ion is required to remove the 
growth depressing characteristics, 
whether additional methionine 
supplementat ion is needed, or 
both, or whether as yet unex­
plained factors are involved. 

Studies to determine th e 
value of white lupins in th e feed­
ing of high producing dairy cows 
are under discuss ion but are not 
yet funded. Conceivably, the re­
searchers suggest, if the tests 
are conducted and are success­
ful, dairy farmers in central or 
northern Minnesota could grind 
and mix corn and white lupins 
to prepare their own on th e farm 
grain mix. 

POTASSIUM SUPPLEMENT 
IMPROVES PERFORMANCE 
OF FEEDLOT STEERS 

A feedlot study conducted by 
Harvey Windels at the Northwest 
Experiment Station, Crookston, 
has shown that when finishing 
steers are fed high-grain diets, 
adding potassium can enhance 
feedlot performance. The study 
indicated that steers fed supple­
mental potassium required less 
feed (782 pou nds) per 100 
pounds of gain than those that 
did not receive added potassium 
(811 pounds) even though the 
average daily gain did not differ 
appreciably (2.41 pounds a day 
for supplemented diets and 2.35 
pounds a day for non-supple­
mented diets). 

Corn grain does not provide 
enough pota ssium to m eet the 
requirements of feedlot cattle, ac­
cording to Jay Meiske, re­
searcher in the Department of 
Anim al Science. A diet deficient 
in potassium results in reduced 
feed consumption and weight 
loss . "There is a need to pro vid e 
diets with potassium of at least 
45 gram s a day," Meiske says, 
" but there is no benefit in add ­
ing potassium to a diet w ith ad­
equate potassium." 

Previous feedlot studies at the 
University of Minnesota showed 
little or no advantage in adding 
potassium to finishing steer di ets 
that had 10 pounds of corn si­
lage. However, these studies 
were done before monensin w as 
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added to feeds. Now used al­
most routinely in feed supple­
ments, monensin causes in ­
creased feed effic iency by de­
creasing feed intake, Meiske 
says, but this may also decrease 
potassium intake. The recent 
study evaluating finishing diets 
containing monensin therefore 
became necessary. 

Cow s and growing calves 
genera lly receive considerable 
forage in their diets and a lack 
of potassium is not as like ly as 
with high-grain diets, Meiske 
adds. 

NEW UNIVERSITY OF 
MINNESOTA POULTRY 
FACILITY COMPLETED 

Construction of the new Poultry 
Teach ing and Research Facility at 
the University of Minnesota has 
been completed . 

The one-story, 2200 square 
foot earth bermed building was 
built as a result of $2 million ap­
propriated by the legislature to 
improve poultry research facilities 
at the St. Paul campus. Of that 
appropriation, $74,000 w ere used 
to rem odel exi sting poultry facil i­
ties, according to Robert N. 
Shoffner, professor of animal sci­
ence at the University. 
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"The major thrust of the re­
search to be done in this new 
fac ility w ill be nutrition and env i­
ronmenta l studies on chickens," 
Shoffner says , Experiments on 
turkeys w ill continue to be done 
at the Rosemount Agricultural 
Experiment Station. 

Some physiological , endocri­
nology, and behavioral research 
will also be done in the new 
bu ilding . But the great advantage 
of the new facility, which has 
the capacity for about 4000 adult 
caged birds and nearly 4000 
young growing birds, is its so­
phisticated environmental con ­
trols. The building has six 

environmentally controlled labo­
ratories to allow photo period, 
temperature, humidity, and air 
movement studies. "With the 
new facility we can now do 
adult caged bird research with 
equipment comparable to that 
used by industry," says Shoffner. 

The earth berm design was 
chosen for its energy efficiency. 

The availability of new re­
search space for chickens has 
opened up other space which 
has been remodeled to house 
geese and ducks. The University 
of Minnesota is one of the few 
research universities in the coun­
try doing research on waterfowl, 
according to Shoffner. 

Robert Shoff ner (left) and Stephen Whiting, facility supervisor, examine chickens in 
t he new poult ry facility. 

Minn esota Science reports results of researc h at th e Un iversit y o f Mi nn esot a A gricultural Exp er iment Station . A copy of th e magazin e is sent t o y ou 
on th e recommend at ion of your county ex te nsion agent . Y ou r agent represents th e Un iversity o f Minnesot a In stitute o f Agri cultu re, Forest ry, and 
Home Economics in you r co unty. and help s make results of U M research avai lab le t o you . I f y ou are receiving m ore th an o ne cop y. p lease return 
du pli ca te mail ing label s t o the ed itor . 



FINANCIAL STATEM ENT
 
MINNESOTA AGRICULTURAL
 

EXPERIMENT STATION
 

Research Fund Expenditures
 
Fiscal Year 1982
 

Expend itures by Source
 
Percent Amount 

Federal Funds 12.4 s 4,130,093 
State 

Approp riat io ns 62,0 20,670,810 
Gifts and Grant s 18.0 6,033,727 
Fees, Sales, 

M iscellaneous 7.6 2,521,126 

Total 100.0 533,355,756 

Expenditures by Objective
 
Classification
 

Persona l 
Serv ices 72.9 524,311,439 

Travel 2.0 679,793 
Equipment, Land 

Structures 4,5 1,500,435 
Sup pl ies and 

Expenses 20.6 6,864,089 

Total 100,0 $33,355,756 

Expenditures by Location 
Uni versity of 

M innesota-
St . Paul 85,6 528.535,717 

Branc h Stat ion 
- wi thin 
M innesota 14.4 4,820,039 

Total 100,0 533,355,756 




