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THE COVER-"Tag ged" chemicals. th ose made 
rad ioact ive to a kno wn minute degree, can be 
accura tely tr aced in soils, plan ts or an imals by 
th e amount of ra diation given off. R. A. Herrett. 
researc h assist ant in th e Department of Pl ant 
Pathology and Botany, is usin g a Geiger coun ter 
to trac e a "tag ged" herbicide on thi stl es in a 
weed contr ol expe riment . The back cover shows 
other ways in which atomic science is now 
aiding th e worker in agri cultural researc h. 

Editor 's Note-This is the twenty-second in a ser ies of articles 
introducing scientists of the University's Institute of Agriculture. 
Here we present Ar th ur J . Schwan tes, head of the Departme nt 
of Agricultural Engineering. 

P erhap s no man has been more vitally concerned and inti mately 
con ne cte d with the r apid m echanization th at has r evolutionized Minne
sota ag r icult ure during th e past few years than Arthur J. Schwantes. 
In hi s po sition as head of th e University of Minnesota Department of 
A gr icultural Engineering, he has directed research and teaching in this 
im portant field for near ly 17 years. 

His department, howev er, is concerned with much more than farm 
m achinery. The dep artment also conducts research on crop land drain
age , and on the amount and r ate of water movement through plants as 

an aid to irrigation ; cr op processin g, in
cluding crop drying, sim ult aneous pi cking 
and she lling of corn, and handling of pota
toes; labor-saving on th e farms tead and in 
th e dairy barn as brought about by build
ing design and autom atic operations; de
sign of silos; and de sign of equipment for 
we ed control. 

Born and raised on a farm near 
Kew aunee, Wisconsin, Schwantes attended 
the Univer sities of Minnesota and Wiscon
sin, doing graduate work at the latter. 

After doing sales demonstration work 
in Es canaba, Michigan, for several years 
and serving in the U. S. Army for a short 
time, he joined the staff of the University 
in 1921. Later he was promoted to asso

A. J. Schwantes ciate professor and in 1940 w as named 
head of his dep artment. 

His first r esearch at the Universit y staff concerne d land clearing 
problems. H ere hi s work on costs and methods of brush, stump', and 
stone removal and on the use of th e bulldozer were of great value to 
Minnesota farmers. 

From 1921-1928 he was al so in charge of the distribution in Minne
sota of war salvage explosives for use in land clearing. During that 
time, Schwantes directed the University's sale of 10,000,000 pounds of 
explosives in the state. At the same time, he was conducting a pro
gra m of research and education that would bring farmers the latest 
information on land clearing. 

Later Schwantes shifted hi s efforts to farm machinery research 
and teaching, making the first studies on the adaptability of the com 
bine to Minnesota conditions. Especially important were studies on 
windrowin g as a means of making extensive use of the combine pos
sible . Today, at least 90 percent or more of the grain combined in 
Minnesota is windrowed to save loss from sh attering and krinkl ing , 
and fr om high moisture content in storage. 

In 1952-53, Schwantes ser ved as engineering advisor in farm 
mechanization to the Egyptian government, working with th e Techni
cal Cooperation Administration. 

It is only natural that farm sa fety should be one of Schwantes' 
major interest s. H e is chairman of th e farm section of the Minnesota 
Safety Council and vice-chairman of the Farm Conference of the 
National Safety Council. 

Perhap s one of Schwantes outstanding achi evements during his 
years as dep artment head is the lead ership and aid he has given to 
developing a program of r esearch and instruction in agricultural engi
neering on a professional basis. . 

Recognition of hi s work has come in many ways. In 1948-49 he wa s 
national president of the American Society of Agricultural Engineers. 
The organ iza tion named him a fellow, a membership bestowed by th e 
associ ation in recognition of super ior achievement in the field . 

Schwantes is also the author of nearly 100 popular and scientific 
bulletins and articles in scientific journals in the field s of land clearing, 
farm machinery, farm safety, and teaching. 
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Forest Management in Southeastern� 
Min nesota Hardwood� 

O. F. HALL and F. D. IRVING 

HARDWOODS suc h as oak , elm , 
basswo od , m aple, and cotton

wood m ay prove to be Cinderell as in 
the woodlands of m an y Minnesota 
farms. These species hav e been long 
overshadowed in markets and in for
estry research by the pine, spruce , 
and aspen th at suppor t the sawm ill 
ing and pulp industries of the north
ern par t of the st ate. The obj ect ive 

/ 

Fig . 1. A stand 01 good quality oak in 
Stearns Co unt y . Experimental cutling has re
moved some poorer qua lity trees . 

of recently initiated re sea rch at the 
Uni ve rsi ty's Sch ool of Forestry is to 
find ways of growing better trees 
faster in hardwood st ands. 

Extensive Acreage of Hardwoods 

Forests m ad e up predomi nan tly of 
these hardwood sp ecies now occupy 
over 3 m ill ion acres, or 17lJ2 percent, 
of the producti ve forest la nd in Min
nesot a. P erhaps m ore sign ificant is the 
fact that these spec ies constitute 44 
pe rcent of the st andi ng sawlog-size 
t imber in the state to day , and 35 pe r 
cent of all the usable-size wood. 

In the southeastern h ardwood re
gion of the st at e (roughly ou tlined by 
two lines r unn ing eas t and southeast 
fro m Alex andria) these forest types 
occupy 61 percent of the po t en t ially 
product ive forest acreage. Their 1.3 
million ac res w ill increase as m ore 
poor farm land reverts naturally t o 
forest. About 19 percent of the gross 
acreage of this corner of the state is 
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poten t iall y fo reste d land, and in many 
count ies such as Houston, Mille Lacs, 
Kanabec, and Morrison t he land may 
be one-third to one-half forested. 

Recently completed surveys show 
that the sawtimber volume of these 
hardwoods greatly increased in Min
nesota between 1936 and 1953. It has 
been est im ated that the present cu t 
could be increased safely just by 
using low-grad e trees that a r e now 
unused . 

Soil Protec tion Important 

A la rge part of the hardwood for
ests of southeastern Minnesota are 
gro w ing on relati ve ly steep slopes. 
These stands per form a valuable serv
ice by p re ve n ting erosion . Gull ies lik e 
the on e shown in figure 2 can sta r t 
on hillsides and sp read into fields 
above them . The soil and roc k w ashed 
out of the gu lly is th en d umped be
low, filli ng dit ch es and stream bo t 
toms, b u rying crop land and roads , or 
as in th e Wh it ew ater Vall ey, a whole 
to wn . If fo rest cover on slopes is 
m ain t a ined and all owed to improve 
under careful m anagem en t, it will 
tend to slo w down water runoff, pre
ven t gu lli es, and reduce soi l losses. 
Th is primary p rotection func tio n has 
to be r ecognized in any st udies of the 
manag ement of these areas . 

The quality of the t imber in m an y 
of ou r Minnesot a hardwood stands is 
low , the result of decades of h igh
grading, fire , and grazing. How ev er , 
74 million board-feet of sawtimber 
was cu t from Minnesota hardwoods, 
exclusive of aspen, in 1952. Quali ty 
an d yield ca n be expected to improve 
in the future under more careful 
management. 

Many of these hardwood stands 
provi de excellent habitat fo r wildlife, 
and sup ply many h ou rs of sport t o 
the owners and others. T ree squirrels 
and rabb it s a re com m on in even the 
smaller stands, and deer and ruffed 
grouse are fou nd in the more ex te n
sive a r eas. 

O. F. Hall is an associat e professor a nd F. D. 
Irvin g an ins truct or in the School of Fore stry , 

Management Objectives Vary 

Each land owner may have a di ffer
en t pu rpose in the m an agem en t of his 
woo dla nd . One owner may want to 
build up the sawtimber quality and 
volume for th e futu re when he will 
want to bu ild a new barn. He will try 
to get th e poor trees out of h is wood s 
so that the good on es can fa tte n up. 
Ano ther owner may be interested in 
getting as m uch cash as he can for his 
timber immedi ate ly wi tho ut ex posing 
his land to erosion . Still another 
owner might wan t to hold the stand 
as an accu mulating asset to the va lue 
of his farm . Each person 's interests 
and financial posi tio n determine his 
course of action. 

Decisions as to how he will m anage 
his land are made by the owne r on 
th e basis of the best information 
available . Most forest owne rs have to 
make decisions wh ile faci ng some de
gree of uncerta in ty , bu t their chances 
of ge t t ing the mos t out of t hei r tim
ber stands are better when they have 
good information available on their 
problems. 

Fig . 2. A gully 60 leet deep in a slightly 
s loping field. Winona County. This gully got 
its start on an adjacent. steep er slope that 
w a s exposed to erosion. Properly maintained 
lo rest cov er on the s tee per s lope could have 
he lped to pr event this. 

New Research Project 

The basic objective of the southern 
Minnesota hardwood m an agem ent re
search pro je ct is to collect informa
t ion that is needed by th e owners of 

(Cont inued on page 4) 
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these hardwood stands. Two of the 
more impor tan t questions are: (1 ) 

Wh at stand density of species and 
sizes should be m aintained? and (2) 
How to reproduce the stands? Stand 
density in forest stands can be meas
ured by b asa l are a per acre--the total 
cross-sectional area in square feet of 
all trees 41h feet above the ground. 

This r esearch p roject, in itiated in 
1955, has establ ished a stock ing level 
and r eproduction study in coopera
tio n with St. J ohn's University in 
Stearn s County, and a cull t reatm en t 
st udy on the Whitewater State Game 
Refuge in cooperation with the Min
nesota Conservation Depa rtment . 

Preliminary Research Results 

Comple te an swers cannot be ex
pected until a number of years after 
intensive management studies are 
in it iated . However, some prelim inary 
re su lts are now avail able. 

In formation on rat e of growth is 
required for p redicting the produc
ti ve potential of a woodland property. 
Tentative estim ates on the ex peri
men tal plots in the St. J ohn's Forest 
show growth r an ging from 78 board
feet to 282 board-feet per acre per 
year , w ith an aver age of 15-5 board
fe et. In addition these plots increased 
in volume an average of 0.15 cords 
per acre per year in trees too small 
for sawlogs and in tops and limbs of 
sawlog trees. 

Fig . 3. Tes ting the e ffectiveness 01 a basal 
spray 01 2.4.5·T lor killin g cull trees. The tree 
a t the extreme le ft 01 the p ictu re has been 
treated with a motor -driven girdling ma chine. 
ra ther than notched at the base. 

The upper part of this range may 
be t aken as the gro w th attainable in 
mixed st ands of oak and maple on 
medium to good sites under intensive 
management that maintains adequate 

stand densi ty and makes frequent 
eno ugh light cuts so there is little 
loss of trees through natural m ortal
it y . Best ind ica tio ns of necess ary 
st and density from this work so fa r 
and from research elsew here are 70 
to 90 square feet of basal area per 
acre in t r ees 5 inches d .b .h. (diameter 
breast height) and larger, or 4,900 to 
6,300 board-feet (Scribner D ~c. CLog 
Rule) in trees 10 inches d.b .h . and 
larger. 

On the plots from which the above 
growth data were gathered, 76 per
cent of t he sawlog volume was in red 
oak. The rem ainde r w as mostly hard 
maple, with som e elm, basswood, 
whit e oak , and pap er birch. The long 
range problem in managing these 
st ands is seen when the seedlings are 
counted and their numbers by species 
analyzed. These stands contain over 
37,000 seedlings and saplings per ac re 
of all species. However , r ed oak, th e 
most valued spe cies , makes up only 
15 percent of the t rees less than 1¥.! 
inch es in d .b.h. More than a third of 
these young oak seedlings were lost 
over one winter , and mo st of them are 
lost befor e they reach on e foot in 
height. 

An important part of this project 
is testing various ways of cutting to 
see if the proportion of r ed oak re
production can be increased . Cutting 
sch edules that open the stands to 
varying de gre es are bein g tested to 
see if m ore sunli ght r ea ch ing the 
sm all oaks can increase their survival. 
Another type of cutting, the shelter
woo d , is also bein g tested. This meth
od remov es most of the older trees 
but leaves a number of the largest 
oaks to provide seed . Only a number 
of years of observ ations will tell 
wh ether one of these cutting methods 
will su cceed in establish ing another 
generat ion of the valued red oak . 

Prospective Research 

Other aspects of hardwood manage
men t w ill al so be investigated. Cur
rently tests are underway on the 
Whitewater State Game Refuge to de
termine which of three possiblemeth
ods is mo st effective in killing cull 
oak trees. Methods being tested are 
spray ing the basal 4 feet of the tree 
trunk wi th an oil solut ion of 2,4,5-T 
ester, applying ammonium sulfamate 
in notches cut around the base of the 
trunk, and girdling w ith an inch-deep 
groove cut en t ir ely around the t ree 

by a m otor-driven girdling tool. Fu
ture tests will be made of planting 
and other methods of inc rea sing 
stocki ng , to rehabilitate rundown 
stands. 

The problem of removing mer
ch an table wood products w ithout ex
posing the soil to erosion is often very 
important. Skid trails and rough 
woods roads can quickly become 
t re acherous gullies. Research in other 

Fig. 4. Notching a cull tree at its base lor 
treatment w ith ammonium sullamate. The stem 
will remain standing lor nesting use by squlr
rels a nd other wildlile. 

parts of the country have developed 
methods that allow very st eep slopes 
to be logged without serious erosion 
problems . These loggin g methods 
need to be tested in Minnesota. 

General Recommendations 

Based on the research and general 
observations made to date, the fol 
lowing general recommendations can 
be m ade: 

1. Keep trees on all land that is too 
steep or to o re mo te for pa stu re. 

2. Protect wooded areas fro m graz
ing and fire. 

3. Kill cull trees. 

4. Cut conservatively, at intervals 
of 5 to 10 years, leaving 70 to 90 
square feet of basal area. Try to leave 
the area sto cked w ith the most de
sired species. 

5. Keep logg in g road and sk id trail 
grades as low as possible (l0-20 per
cent maxi mum) by running across the 
slope inste ad of straigh t up. 

6. Put skid trails and logging roads ' 
"to bed" after use by seeding to 
grasses, outslop ing on steep grades, 
and making sure regular channels of 
ru noff are not blocked. 

MINNES OTA F ARM AND H OME S CIENCE 



condition. This can be best done by 
laying the canes down in the fall andf)ormaJtcl/ iJt Crop PlaHts covering their upper parts with soil. 

Apple trees in winter behave very 
much like raspberry bushes as far asR. H. LANDON 
susceptibility to low temperature in

HAVE you ever wondered why 
raspberry bush es can st and wide 

changes in temperature unt il about 
Chr istmas time but may be killed by 
a warm thawing per iod later in the 
win ter ? The answer lies in the m ake
up of t he plant and its w inter resting 
and dormancy habits. 

These habits - which vary from 
pl an t to pl ant - explain why differ
ent plants react diff erently to ou r 
winters, why some survive and ot he rs 
die under the same situations. 

At the University of Minnesota 
Agricultural Experiment Station, we 
have been studying this problem of 
dorman cy for man y years . This article 
is based on some of the results of our 
and ot her st ati ons' research . 

Dormancy and Rest Periods 

When living plants, or any of their 
parts, show no visible signs of grow
in g, we say they are dorm ant . Thus 
plants adapt themselves to times of 
the year when growth is impossible 
due to unfavorable te mper ature and 
moi sture situations . If plants could 
not go in to a st ate of dorm ancy, vege
tation would dis appear from much 
of the earth. 

Native plants are usually well ad
justed to seasonal changes. However, 
many cultivated species and vari eties 
are imperfectly adapted since they 
are being grown in par ts of the world 
other than those from which their 
ancestors came. 

In the fall many of our cultivated 
plan ts become dormant ev en when 
taken indoors and exposed to condi
tions that would ordinarily favor 
grow th . They are in what is known 
as thei r rest period. Wh en in a state 
of rest, plants cannot be made to 
gro w without chemical or some other 
special treatment. While the time that 
rest begins, as well as it s duration 
and intensity, varies w ith species and 
varieties it occu rs at about the same 
time every year. 

Since most fruit and nut trees 
grown in the temperate zones require 
a definite ex posure t o cool tempera
tures before their rest periods are 

R. H. Landon is a ssistant profe ssor, Department 
of Plant Pathology and Botany. 
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broken, mild w in ters in parts of Cali
fornia and the South are often the 
ca use of par tial or com plete crop 
failures. It is because of insufficien t 
chill ing that apples cannot be grown 
successfully in the warmer parts of 
the world. 

Even though the terms dormancy 
and rest period are often use d inter
changeably, they are no t str ictl y 
identical. Many plants that do not 
have a rest period can become dor
mant. Consequently sci en tists call the 
time that plants without a rest period 
are dormant a period of "quiescence." 
An excellent example is alfalfa which 
be comes quiescent in the field in fall 
and winter. However, if alfalfa plants 
are removed from the field to a green
house at any time during the cold 
months, they resume growing within 
three or four days. We, therefore, use 
the term dormancy to cove r the en
tire time, when there is no apparent 
growth, irrespective of t he cause. 

In Small and Tree Fruits 

In the fall raspberry bushes go into 
a state of rest that lasts until about 
the middle of December. From this 
time until growth normally is re
sum ed in the spring they remain 
quiescent unless ex posed to thawing 
temperatures. As long as hardy 
bu shes are in their r est period they 
are practically immune to injury 
caused by fluctuating temperatures, 
but after rest is over their suscepti
bility changes materially. Tempera
tures, no h igher than a few degrees 
above freezing often st im ulate living 
bark an d bud tissues enough for sub
sequent cold to be fatal. 

We have found that raspberry bark 
can absorb enough heat from direct 
winter sunlight to raise its tempera
ture as much as 18° F . after 10 min
utes exposure at a time when the free 
air temperature is several degrees be
low freezing. Mild periods may also 
be harmful as buds exposed to 37° F . 
for two days in the dark are injured 
by freezing. 

Since the raspberry is so sensitive 
to temperature changes, the best in
surance against winter injury is to 
try to keep the bushes in a fro zen 

jury is con cerned. As long as hardy 
trees are in their rest period, which 
usually lasts until some time in Janu
ary, they are seldom injured by fluc
tuating temperatures. After this time, 
the warming effec t of the sun's rays 
is responsible for the killing of strips 
of bark on the south side of unpro
tected trees. This ty pe of injury, 
call ed win ter sunscald or southside 
injury, weakens trees so much that 
their product ivity is cut. They are 
also more likely to be attacked by 
disease, or be damaged by extremes 
of cold. 

We found that on clear days in 
late winter the bark temperature on 
the south side of an apple tree could 
rise to as hi gh as 92° F. at a time 
when the free air temperature was 
slightly above freezing. Bark wit h a 
temperature of 59° F. at 2 p.m. reg
istered 27° F. at 9 p.m. Much smaller 
temperature fluctuations than these 
have killed the bark of trees that are 
no longer in their rest period. Shield
ing the south side of trees against 
the di rect rays of the sun gives con
siderable protection against winter 
suns cald. This can be done by coat
ing with whitewash or wrapping with 
cloth or paper. 

Strawberry plants h ave little if 
any, rest period and are conseque~tly 
subject to injury by freezing and 
thawing throughout the winter. They 
also have a limited resistance to cold 
and are likely to be killed by tem
peratures lower than 21°F. There
fore, it is well to cover beds with 
hay or straw several inches deep in 
the fall . Mulch should never be ap
plied before the plants have been 
exposed to a few light frosts or hardi
ness will not b e developed. 

In Cereal Grains 

The seeds of the cereals grown in 
Minnesota have rest periods (also 
called periods of after ripening) that 
vary considerably in length. Oats and 
wheat have such short rest periods 
that wet weather following cutting 
often causes sprouting in the shock. 
There were reports of damage fro m 
this cause last fall from some parts 
of the state. 

(C on ti n u ed on page 7) 
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"Ilni dentified" Nutritional Factors Are� 
Good Insu ra nce In Poultry Rations� 

PAUL E. WAIBEL and ELTON L. JOHNSON 

CHICKENS and turkeys need 40 
spec ific nutrients-including vita

mins, minerals, amino acids, carbo
hydrates, and fa tty acids-in their 
diets. The di scovery of these needs 
is a proud contribution of r esearch in 
poultry nutrition to the poultry in
dustry. 

Each of the presently known vita
mins was onc e an unidentified or un
known nutritional factor. We now be
lieve that at least three m ore of these 
unknown factors r em ain to be iso
lated. The fact that these nutrients 
have not been isolated and identified 
soon er shows how elusive they are. 

We can ' measure the presence of 
suc h factors in feeding ingredients. 
For ex ample, one group of chicks 
mi ght receive a diet composed prin 
cipally of corn and soybean meal and 
supplemented with known vitamins 
and minerals (basal group), while a 
comparable gr oup would receive the 
sam e diet modified to contain feeding 
ingredient sources of th e unknown 
factor (supplemented group) . Since 
we have purpos ely provided the ani
mal's full requirement of all known 
nutrients in the b asal ration, we as 
sume any increased growth in the 
supple mented grou p is caused by 
some unknown factors . A similar test 
could be made using other measure
ments, such as hatchability. 

Through such feeding tests re
searchers have found that fish 
solubles. dried whey, distillers 
dried solubles, fish meal. dried 
brewers yeast. fermentation resi
dues. alfalfa meal. grass juice. 
and certain other ingredients 
contain potent quantities of these 
unknown factors. Normally chick 
starting rations and breeding 
r ations contain 5 to 10 percent 
of these ingredients. 

Responses Differ 

Research to refine the n atu re of 
these unknown fact or s has been in 

Pa ul E. Wa ibel Is a ssistant profes sor, and Elton 
L. John son Is professor and he a d, Depa rtmen t of 
Poultr y Husbandry . 

progress for over five years. However, 
in vestigator s have fo und extreme 
variation in growth and other types 
of r esponses. 

The following four research sum
maries illustrate the variability of 
r espons e produced by dietary sources 
of unknown fac tors. 

1. Sources of unknown growth fac 
tors p roduced good responses in the 
turkey poult study illustrated in 
figu re 1. The unknown factor supple
m ent used in this experiment (con
ducted at the University of Minnesot a 
Poultry Department) was composed 
of 6 percent fish meal, 3 percent al
falf a m eal, 3 percent di stillers dried 
solubles, and 2 percent dr ied whey. 

2. In another ex per im ent at the 
University of Minnesota P oultry De
par tm en t dried fish solubles produced 
absolu tely no effect on the growth of 
poults (table 1). However, other 
studies have sh own that fish solubles 
are a pot ent source of factors that can 
produce greater growth u nder appar
ently similar conditions. 

3. The very great effectiveness of 
unknown factor sources under cer
tain cond itions has been puzzling. In 
one typical experiment by the senior 

Fig . 1. Unide n tified growth fa ctors in the 
diet may s timulat e the g row th of turkey po ult s . 

author while at Cornell University, 
these factors increased growth 42 per
cen t . 

The experiment w as m ade with 
New Hampshire x White Rock chicks. 
The supplemented ration included 5 
percent liver, 4 percent distillers solu -

Table I. Growth response in turkey poults to� 
addition 01 dr ied IIsh solubles to rations,� 

Poultry Department, Unive rsity� 
of Minnesota� 

Weight at 
Diet 4 w eeks Response 

(gra ms) {perce ntage; 
Basal die t 596 
Basal + 0.5% dried fish 

solubles .......... 596� 
Boccrl + 1.0% dried fish 

solubles 604 1.3 
Basal + 3.0% dri ed fish 

solubles 598 0.3 
Basal + 6.0% dried fish 

solubles ,.........•.... 601 0.8� 

* 56 Broad Breasted Bronz e pou lts pe r trec t
ment. 

bles, 3 percent fish solubles, 3 percent 
dried whey, and 3 percent grass juice 
plus th e basal ration. At four weeks 
the chicks on the basal r a tion weighed 
298 grams compared to 407 grams on 
the supplem en ted ration. 

Th is experiment was repeated at 
the University of Min nesota a sho rt 
time later and the supplements gave 
vi rtually no growth response. 

4. Repor ts by Tex as A. and M. and 
University of Maryland re search 
workers suggest that fish solubles, 
whey, an d other un known factor sup
plements increase the hatchability of 
chicken eggs. In our experience, how
ever, such unidentified factor sou rces 
have had n o effect on hatchab ili ty in 
other experiments. A recent Univer
sity of Minnesota experiment (table 
2) shows the lack of response pro
duced by 3 percent alfalfa meal, 2% 
percent fish solubles, 2 percent dried 
whey, and 2 percent distillers solu
bles. 

Why This Variability? 

During the early days of u nknown 
factor investigation, m an y research
ers act ually fe lt gu il ty because they 
were un ab le to ob tain good responses 
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to un iden ti fied factors, while other 
workers were reporting excellent re
sponses. However, now that most in
vestigators have had similar prob
lems, we can develop reasons for the 
lack of uniform response. Apparently 
some environm ental influences are 
a lter in g the chick's or turkey's re
quirement for these factors. 

Re cently, University of Wisconsin 
researchers found that the fe eding of 
feces re-established responses by 
chicks to these unknown factor's in 
a ch ick laboratory. When the feces 
were withdrawn in subsequent ex
periments, the unknown factor 
growth responses persisted. This sug
gested that certain types of intestinal 
and fecal m icr obial populations might 
be necessary for the unknown nutri
t ion al fa ctors to be r equired by the 
ch ick . 

Similar studies at the University 
of Minnesota using feces failed to re
infect "clean" laboratory premises. 
Thus it appears that only some feces 
can alter the response to unknown 
factors . Th e effect of the feces may 
depend upon the environment of the 
an im als producing them . 

Unidentified Factors Are� 
Insurance� 

Obviously , if t he environment on 
poultry fa rms is such that unidenti
fied factors do not step up growth, 
rations made up lar gely of corn and 

soybean meal would save consider
able money . The usefulness of the 
unknown factor source is certainly 
unpredi ctable, however. The nutri
tionist attempting to do a good job 
of formulating poultry rations will 
cer t a inly assume that the rations 
might be used where the unknown 
factor sources would be beneficial. 

The nutritionist could satisfy the 
unknown factor requirement of the 
starting chick by including 2Y.! per
cent alfalfa meal, 2~ percent fish 
solubles, and 2Y.! percent whey in the 

Table 2. Growth response In hens to addition 
01 unknown factors to ration. Poultry De

partment. University 01 Minnesota· 

Perc enta ge 

E99 pro- Fer- Hatcha
Ration duction tility bility 

Corn-soybean meal basal 52.2 89.9 78.5 

Supplemented w ith unknown 
nutritional factors 50.4 88.0 81.7 

.. 100 New Hampshire hens per group, 40-week 
study. The corn -soybean meal group w a s main 
ta ined on wire-mesh floor to avoid access to 
droppings. 

chick's ration. The nutritional balance 
could also be satisfied by the use of 
other supplements listed previously. 

A program of supplying adequate 
unidentified factors, even though they 
might not be required, is certainly 
n ot strange. In a sense it is similar 
to a health insurance program. Thus, 
we are willing to carryon protection 
which we hope will not be needed. 

DORMANCY IN CROP PLANTS� 
(Continued from page 5) 

In the case of barley there is quite 
a difference in the length of the rest 
period of varieties . This is important 
to maltsters since barley that fails 
to germinate uniformly does not yield 
the maximum amount of malt. In our 
work on the length of rest period in 
barley varieties, we found that the 
variety with th e longest rest period 
of those tested, Trebi 448 , could be 
made to ge rminate 100 percent by 
stor age at 58° F. for 52 days. Com
parable seed of this vari ety stored at 
32° F. germinated only 8 percent 
after 73 days. Thus it can be seen 
how storage at a relatively high tem
perature could b e used to insure a 
high percentage of germination in lots 
of grain composed of a mixture of 
varieties. 
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In Potatoes 

Potato tubers have rest periods 
w h ose length varies with the variety . 
To gr ow ers in the North this rest 
period is not important because their 
seed stock is long out of rest at the 
t im e of planting. The grower in the 
Southern st ates, however, is not so 
for tun ate when it comes to planting 
the early crop with locally produced 
seed, which is harvested only a few 
days, or at the most, a few weeks pre
viously. This seed is either partially 
or wholly d orm ant and as a result 
germinates slowly and irregularly. 
Consequently most potato raisers in 
the South u se northern-grown seed 
stock because it is out of its rest pe
ri od . In the case of table stock a long 

Progress Being Made 

There have been some breaks in 
the attempt to identify these un
known factors during the past two 
yea rs. 

Even though we feel that three or 
four of these factors will eventually 
be isolated, we can now sh ow one 
outstanding difference on a chemical 
basis. When these factor supplements 
are burned at high temperature, part 
of the growth response has been lost 
and part remains in the ash. Thus we 
feel that part of the material produc
ing the total growth response is or
gan ic and part is inorganic. 

A recent report indicates that the 
nucleoside adenosine has produced 
some growth response of an unknown 
nature. Other reports have suggested 
that the compounds lipoic acid, lyxo
flavin, and vitamin B" represent part 
of the unknown factor complex. 

Since the ash of the unknown 
factor supplements has been shown 
active, reports have indicated that 
molybdenum and bromine are growth 
st im ulan ts. These reports await con
flrrnation, 

It seems probable that additional 
unidentified factors will be isolated 
and characterized within a few years. 
However, it is just as im portant to 
determine the environmental condi
tions regulating the need of turkeys 
and chickens for these factors in their 
rliets. 

rest period is desirable as resting 
tubers do not sprout. 

The response of potato tubers that 
are in their rest period to certain 
chemicals is interesting. Some chemi
cals shorten it while others prolong it. 
Ethylene chlorohydrin, for instance, 
will cause tubers that normally have 
a rest period lasting at least 6 or 7 
weeks to commence to grow in about 
2 weeks. On the other hand treat
ment with methyl ester of n aphthal
eneacetic acid will prolong rest period 
as much as several months. 

A chemical that has recently come 
into use, maleic hydrazide, is remark
able because when it is applied to the 
foliage of potato plants 4 to 6 weeks 
before harvest, the rest period of 
tubers is extended for 6 months or 
more. This treatment does not m ake 
tubers unfit for table use though it 

(Continued on page 9) 

7 



8 

THE USE OF THE HEAT PUMP� 
FOR GRAIN DRYING� 

ARNOLD M. FLIKKE and HAROLD A. CLOUD 

CONDIT IO NING of farm crops is 
becoming an accepted and re

quired part of harvesting in the State 
of Minnesota. With the introduction 
of new harvesting methods and m a
ch inery , it is now possible t o harvest 
crops at higher moisture content s. 
This con tr ibu te s materially to in
cr eased harvest yi elds, because there 
is less loss in handling. 

Drying of the crop to a safe mois
ture con ten t is therefore necessary , 
and the farmer is looking for an eco
no mical m ethod of r emoving excess 
moisture from the grain . The prob
lem is to condition the drying air so 
th at d rying can be carried out as 
qui ckly as possible, at a minimum 
cost witho ut damage to the m aterial 
being dried. 

The Heat-Pump Principle 

The heat -pum p principle offers an 
exc ellent m ethod of conditioning this 
air. The temperat ure and relative 
humidity of the drying ai r can be 
con troll ed by careful selection of the 
equipment used in the drier. In addi
tion, the heat pump, used in a closed 
cycle, is ab le to reclaim the heat nor
mally being car r ied away in the 
evaporated water. 

The heat pump is not a complex 
m ach in e. It consists essentially of a 
refrigeration compressor, two heat 
exc hangers known as the "evapora
tor" and "conden ser," an expansion 
valve, and a m otor to drive the com
pressor. Wi th fe w except ions it is 
identi cal w ith the eq u ipment used in 
the ho usehold refrigerator or h ome 
freezer . 

The principal difference between 
the heat pump and the ho me freezer 
is the purpose for wh ich they are 
use d. Both perform the operation of 
takin g heat f rom one point to an 
ot her. The household refrigerator 
takes heat from the interior of the 
box and d ischarges it into the k it chen, 
where it serves no useful purpose ex-

Arnold M. Flikke is as sistan t professor, Depar t. 
ment of Ag ri cu lt u ral Engineeri ng; Harold M. 
Cloud is a former st a ff member of th e de port
ment . 

cept for heat ing the roo m . In the 
application of this eq uipment to 
grain drying, use is made of both the 
heating and cooling ability of the 
apparatus. 

Figure 1 shows a schematic dia 
gram of the heat -p um p grain-drying 
system that was built at the Univer
sity to use in drying corn and oats. 
This laboratory heat-pump drying 
unit had a three-fourths hor sepow er 

". 

r c 
E= 
== E§! 

I 

(lKK~§]} .Ju 
L - A @-a) 

. 

F 
H 

=, 
. 

(2)E G 
A 
B 
C 
D 

Condenser 
Gro in Bin 
Evaporator 
Fan 

E 
F 
G 
H 

Fan Motor 
Compressor Motor 
Compressor 
Cooling Coil 

Fig . 1. Schematic drawing of the heat-pump grain dri er built at the Univ ersity 
of Minnesota. It has been us ed for drying both corn and oats. 

(G) itself , where it picks up asm all 
amount of hea t. It then passes over 
the condenser (A) and is warmed. 

In this r efrigerati on cycle, the re
frigerant p icks up heat at the evapo
rator and is vapori zed . This vapor is 
then taken to th e compressor , where 
it is compressed and an additional 
amount of h eat eq ual to the wo rk 
done by t he compressor is added t o 
the gas. This hot gas then goes to 

. 
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re frigerat ing compressor using freon
12 as the r efrigerant. A 12-inch bl ow
er powered by a one-half h orsep ower 
motor was us ed to circulate the air 
through the grain. The grain b in had 
a floor area 4 feet square and was 
constructed with a screen floor. A 
metal duct system was used to con
vey the air from the bin and over 
the heat pump. 

The Drying Cycle 

The drying cycle is as follows: 
Warm ai r leaves the conde ns er (A) 
and passes through the grain b in (B) 

under the influence of the fa n (D) t o 
pick up m oistu re from the grain . The 
air then pass es on t o the ev apor ator 
coil (e ) , where its temperature is re
duced below the dew poi n t and a con
siderable amoun t of w ate r is re
moved. Leavi ng the evaporator, the 
air flows by the electric m ot ors (E, F) 
operating the fa n and the compressor 

the conde nser. There it is condensed, 
givi ng up a large quantity of heat to 
the air passing over it. Thus we are 
able to supply a re latively large 
amount of heat to the air at t he ex
pense of operating the compressor 
mo tor. The result is a rather econom i
ca l and efficie nt m ethod for heat ing 
the air bein g used for drying. 

Other advantages of the heat pump 
are : (1) It is possible to operate it 
virtually inde pendent of ambient 
conditions of temperature and r ela
tive humidity. (2) It eliminates the 
fire h azard. (3) L it tl e or no attention 
is required. (4) The eq uipment can 
be adjusted t o preven t overdrying, 
regardless of w eather condit ions. (5) 
Drying can be car r ied out at r el a
tively low outside tem per atures. 

Energy Costs of the Drier 

The model illustr at ed in figure 1. 
used t o dry corn and oats, helped us 
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ga in information on the operating 
costs and characteristics of the heat 
pump when used as a grain drier. It 
was necessar y to know som e of the 
econom ic factors involved as well as 
the answers t o the many engineer ing 
probl ems of adapting and using this 
equipmen t for crop conditioning on 
the farm. 

During the operation of the drier, 
observations were m ade on the r a te 
of water removal, temperature 
changes in the bin, the energy input 
to the b lower and compressor motors, 
and the effect of var ious air flows 
upon the operation and performance 
of the unit. Fi gure 2 shows how the 
cost, expressed as kilowatt hours of 
electrical energy necessary to remove 
one pound of water f rom the grain , 
varied with the a ir flow through the 
system . 

Energy requirements of the heat
pump drier can be div ided into two 
parts, energy t o the fan motor and 
energy to the compressor motor . The 
lower curve on the diagram (figure 2) 
shows how the energy costs to blow 
air through the same depth of grain 
increased with an increase in air 
flow. On the other hand , the cost to 
operate the compressor decreased 
with an increase in a ir flow. Th is is 
shown in the middle curve of the di a
gram . The reduction in operating cost 
for the compressor is due to the fact 
that as the air flow increased, the suc
tion and di scharge temperatures of 
the refrige rat ion system w ere more 
favorable. However, this cost reduc
tion in the operation of the com pres
sor does not decrease as fast as the 
en ergy input to the fa n motor in 
creases; in fact, with this unit it did 
not change materiall y after an air 
flow of 800 cubic feet per minute was 
reached . 

From these two energy cur ves it 
can be shown that there is an air 
flow that results in a minimum total 
energy cost for operatin g t he drier. 
The top cur ve in figu re 2 illustrates 
this. In this drier, the cost in kilowatt 
hours of electricity per pound of 
water removed from the grain 
reaches a minimum at an air flow 
of 400 to 500 cubic feet per minute. 

Other Operating Factors 

Other factors in operating the drier 
depending upon the rate of air flow 
are as follows: temperature of air 
en tering and leaving the grain; rela-
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tive humidity of t he air en t er ing the 
grain; grain temperature and mois
ture con tent variation fr om the top 
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Fig. 2. The effect of a ir flow upon the 
operating cost of the heat-pump grain drier. 
The lower curve is the b lower cost; the middle 
curve shows the cos t of operating the com
pressor. The top curve shows total cost, which 
reaches a min imum at 400 cubic feet a minute. 

to the bottom of the bin a t the time 
of com ple t ion of the drying; and the 
time required to dry the bin full of 
grain. 

Higher air flow s tend to increase 
the temperature of the air leaving the 
grain, which results in a sm all er tem
perature difference between the top 
and bottom of the grain bin. This 
results in a more uniform drying of 
the grain placed in the bin. In gen
eral, higher air flow s tend to make 
th e drying condit ions more favorable 
from the standpoint of handling the 
grain. However, the operating costs 
of the drier increase considerably if 
these drying conditions are provided. 
It should be pointed out t ha t since 
heat is being continually added to 
the drier in the form of electrical 
energy to the motors, provisions must 
be made to control the maximum dry
ing air temperature. 

It was possible to vary the relative 
humidity of the ai r entering the grain 
30 to 60 percent by changing the ai r 
flow in the drier. Thus in the case of 
drying special seed grains which re
quire rather narrow ranges of tem
perature and relative humidity in 
drying, it is possible for driers such 
as this to accomplish the drying and 
control it w ithin narrow limits . 

Advantages and Disadvantages 

In conclusion, the closed-cycle, 
heat-pump grain drier is capable of 
doing a goo d job of drying grain with 
favorable energy requirements. Rela
tive hum idity con t rol may be 
achieved by balancing the air flow 

and refrigerating capacity of the unit , 
depending upon the load on the drier. 

The disadvantage of a heat pump 
is the in itial investm en t necessary to 
provide a reasonable drying capacity . 
However, if closely cont rolled air con
ditions are needed, this first cost is 
justified when compared to other 
methods. The air conditions needed 
for a particular crop will, for the 
most part, determine whether or no t 
the unit can be operated at minimum 
energy needs, but for many applica
tions the heat-pump grain drier can 
compete favorably with other types 
of heated air driers. 

Other Farm Applications 

The problem of reducing the initial 
cost of equ ipm en t will remain , unless 
other applications for the use of this 
heat-pump principle on the farm can 
be foun d. Some applications which 
are now being st udied here and else
where are water heating, combination 
of milk cooling and milk house heat
in g, air conditioning of storage spaces, 
and air conditioning of animal shel
ters. 

These applications requ ire heat at 
a moderate temperature and for th e 
m ost part have an adequate he at 
source. They can therefore be de
si gn ed to ope rate very efficiently, 
which will offset to a certain ex tent 
the in itial cost of the apparatus. 
While no one today can p redict the 
future of the heat pump in agricul
ture, it appears to have tremendous 
possibilities. 

DORMANCY IN CROP� 
PLANTS� 

(Cont inued from pa ge 7) 

should not be applied t o plants whose 
tubers a re to be used for plan ting. 
Onions treated in the field one or two 
weeks before har vest can be stored 
sever al months longer than otherwise 
without resort to refrigeration . 

It should be kep t in mind that 
while t he ability to becom e dorman t 
is essential for winter su rvival in 
plants there is another fa ctor that is 
equally important. Thi s is that plants 
have hardening capacity and are in 
a hardy condition . 
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REACTIONS OF PEOPLE IN TWO HARBORS� 
TO DIFFERENT PLANS OF PAYING� 

FOR MEDICAL CARE� 
MARVIN J. TAVES. GEORGE A. DONOHUE. and JUDITH LEVENTMAN 

TRADITIO NALLY, the payment 
for health care in thi s country 

has been the responsibility of each 
individual. Recently, numerous forms 
of prepayment plans have become 
popular. The majority of pla ns h ave 
been sp onsored either by private in
su rance companies or nonpr ofit medi
cal organizations. There h ave been 
few cooperatively owned medical 
centers, although they are not un
common in other na tio ns . 

Most of the plans in the United 
States today have limited cov erage, 
covering medical treatment only at 
cer t ain times and places and paying 
onl y a part of the bill. 

The major objectio ns to a coopera
t iv e, complete-coverage plan are 
based upon the belief that it would 
r esult in a deterioration of medical 
servic es ; in an ov erwhelming, and 
largely unnecessary, increase in us e 
of these services; and in a deperson
alizati on of doctor-p atient relat ion
ships. 

Aims of the Study and the� 
General Background� 

There have been studies on such 
things as acc eptance of health insur
ance or the us e of available medical 
se rvic es by members of a particular 
plan. This study, conducted at Two 
Harbors, Minnesota, went further, 
however . It was de signed to find out 
whether or not differences in the use 
of physician serv ices, hospital facili
ti es , frequency of unattended health 
complaints, and differ en ces in atti
tudes toward health care and health 
practices ex ist ed between members 
of a re latively com plete cooperative 
community health plan and persons 
with other types of plans or no pre
pa yment health plan at all. 

Two Harbors was selected for 
study because it has both a compre
hens ive health plan , locally owned 
and operated, and many people using 
other plans. 

Marvin J. Taves is assis tant p rof essor, Ge orge 
A. Donohue. a ss ista nt professor , and Judith Le
ventmon, re search a ss istant. Dep a rtment of Ru ra l 
Socio logy. 

The Two Harbors hospital was 
b uilt about 50 years ago by two doc
tors who ser ved railroad employees 
through a compulsory prepayment 
plan , financed by payroll deducti ons. 
City residents bought the hospita l in 
1944 and formed a cooperative-the 
Community Health Center, Inc . (re
ferred to as "CHC" ). 

In 1947, the Community Health 
Ass ociation (referred to as "CHA") 
was established to meet certain legal 
objections to having an incorporated 
body en ter ing into written agree
ments with staff physicians. CHA 
now operat es the cooperative pre
payment plan on a membership con
trolled, nonprofit basis. Although 
CHC, Inc" ow ns the hospital, CHA 
employs the doc tors for th e plan. 
Members of the "Community Health 
P lan " belong to both organizations, 
and each member has on e vo te in 
the operat ion of the hospital and the 
prepayment plan. . 

The st aff doctors make decisions 
and have control in medical matters. 
A board of d irectors, responsible to 
the lay membership, manages the 
econ om ic affairs. 

About 1,250 families, or 3,500 indi
viduals, belong to CHA, which now 
has five doctors on its staff. Railroad 
employee members also carry Bl ue 
Cross-Blue Shield . 

The CHA monthly rates are $5.00 
for a single person, $9.75 for a family 
of two, and $11.75 for a family of 
three or more. 

Members a re entitled to 90 days of 
hospitalization in any calendar year; 
and to all drugs, dressings, diagnostic 
tests, lab ex ams, X-rays at $1.00 per 
film, use of the operating ro om , de
livery roo m and maternity ca re, and 
nursing service, during hospitaliza
tion. 

Members are also entitled to all 
such medical and surgical care "as 
can be performed by the doctors of 
the clinic at the Comm unit y Hos
pital ." This includes office calls, home 
calls ($2.00 for the first ca ll only), 
m aternity care (after 10 months of 

membership), annual physical ch eck 
ups, diagnostic tests and services, am
bulance service, an d physio-therapy. 
Specialist services not available at 
Two Harbors Hospit al may b e ar
ranged by CHA and covered by the 
insurance plan. 

Groups Compared Through� 
Personal Interviews� 

The groups compared through pe r
sonal interviews inc lude members of: 

1. Local health cooperative, Com 
munity Health Center (CHC sample 
group). 

2. Blue Cross and Blue Shield (BC
BS sample group) . 

3. Both the cooperative and the 
Blue Cross-Blue Shield programs 
(both sample group). 

4. Other, gener ally lower coverage, 
health insurance plans (other sample 
group) . 

5. No health prepayment program 
(neit her sample group) . 

Use of Health Services 
and Facilities 

To find out the differences in use 
of health services and facil ities ques
tions on nine items re lating to hos
pitalization, visits to th e doctor's 
office, visits to the home by doc tors, 
dental vis its , eye examinations, an d 
general physical checkups were 
asked. 

There were no significant differ
ences in use of health services and 
facilities between the groups, with a 
few exceptions. Wh en differences did 
appear, they did not reflect greater 
use by those persons having the most 
comple te health cost coverage . 

Some of the exceptions follow, 11 
percent of the BC-BS wives compared 
to 1 percent of the CHC wives, an d 
9 percent of the BC-BS children com
pared to 2 percent of the CHC chil
dren, had been hospitalized for sur
gery. 

Office visits for physica l checkups 
were made by 27 percent of the CHC 
h usbands and 31 percent of the BC
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BS husbands compared to only 8 per
cent of those without a health plan. 

Over twice as large a percentage 
of BC-BS children had physical 
checkups at the doctors' office as did 
ch ildren of parent s without a plan, 
38 percent comp ared to 17 percent. 

Of the BC-BS ch ild ren, 20 percent 
made office visits for injections and 
immunization s, wh ile only 3 percent 
of the CHC children did. A much 
larger pe rc entage of the BC -BS chil
dren, 16 percent compared to 6 per
cent of the CHC children, had been 
visited at home by doctors. 

Contrary to common expectation, 
64 percent of the wives without a 
medical plan made visits to the den
tist for a checkup, compared to only 
44 percent of the per sons h aving both 
the CHC and BC-BS pl ans. 

Eye examinations were much more 
frequent among members having the 
CHC coverage (34 percent), the BC
BS coverage (32 percent) , or both 
plans (37 percent), than among those 
having another type of plan or no 
pl an at all (8 percent) . 

Aside from . these few exceptions, 
about the same proportions of each 
group had be en ho spitalized, were 
visited by doctors, or had visited doc
tors, dentists, and opthalmologists. 

There was a significantly hi gher 
proportion of BC -BS members using 
various medical services and facili 
ti es than ei ther the CHC members 
or members who had both the CHC 
and BC-BS cover age. At the same 
time there was little differ ence in 
utilization between (1) CHC members 
and those with both plans, (2) CHC 
and th ose with no plan at all, and 

(3) those with both plans and those 
with no plan at all. 

Frequency of Untreated� 
Symptoms� 

To find out whether or not there 
were any d ifferences in the frequency 
of unmet m edical needs, 27 carefully 
selected symptoms serious enough to 
warrant m ed ical attention were 
checked upon. 

It m ight be expected that those in
dividuals with the highest coverage 
would report a greater amount of 
symptoms treated. However, this was 
no t t r ue of husbands and children. 
There were significant differences in 
the percentage of symptoms reported 
by w ives of the groups. A relatively 
higher percentage, 70.4 percent, of 
th e wives under both BC-BS and 
CHC coverage reported symptoms
comp ared to 44 percent of the wives 
under no plan, and 46 percent with 
on ly CHC coverage. How much any 
differences in age composition (and 
perhaps other social variables) may 
accoun t for the differences reported 
above will have to await more de
tailed analysis. 

There were no significant differ
ences in the ratio of untreated symp
toms to the total number of symp
toms reported among any of the hus
bands, wives, or children in any of 
the groups. Approx im ately the same 
rates of symptoms go untreated in all 
groups, r eg ardless of the health plan. 

It is interesting to note, however, 
the percentage of cases in which none 
of the symptoms had been treated. 
For husbands, it ranged from 15 to 

Prepayment plans for health care. in many forms with varying 
types of coverage. are becoming an accepted part of American life. 
They are sponsored at group rates by insurance companies and non
profit medical organizations. or available on an individual basis. The 
number of people under such plans steadily increases each year. 
Cooperatively owned. prepaid health plans are less common in the 
United States. however. 

One such "cooperative" plan is owned and operated by a group 
of Two Harbors. Minnesota. residents. Many others in the same city 
are covered by privately sponsored plans: still others have no cov
erage at all. These facts made Two Harbors a logical choice for the 
sur vey reported here-actually but one part of a comprehensive 
study made by Rural Sociologists of the University of Minnesota 
staff. who are now preparing a formal report. To avoid any possi
bility of bias. survey questions and similar details were di scussed 
with all of the physicians in the city-and approved by them-before 
the study was undertaken. 
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33 percent among the groups; among 
wives, from 13.3 to 15.6 percent; and 
for children , from 9 to 27 perc en t. 

These results indicate that cov er
age by a medical plan, or the degree 
of coverage under the plan, are un
related to the frequency with which 
symptoms are reported and treated. 
It is possible, however , that the gen
eral health consciousness in Two Har
bors compensates for the absenc e of 
a plan or a lim ited degree of cov
erage. In communities where this 
consciousness is not present differ
ences might occur. 

To check partially the health 
knowledge of the various groups, in
terviewees were asked to check a 
lis t of 12 symptoms which were char
acteristic of cancer, polio, heart dis
ease, tuberculosis, and/or diabetes. 
Again there w as little difference be
tween the groups in knowle dge. 

Attitudes Towards Health Practices 
and Prepayment Plans 

Doctor-Patient Relationships - Co
operatively owned, complete-cover
age type of health plan centers are 
often criticized for the deperson ali za
tion of the doctor-patient r elat ionship 
and the members' limited choice of 
physician. Several aspects of this 
were studied. 

Between 92 and 100 percent of each 
group said they always saw the doc
tor they wanted to see. A number 
noted that there are r elatively fe w 
doctors available in such a town, so 
that everybody's choice is in a sense 
limited. In suc h a situation, no one 
feels more limited than the -next in 
his choice of doctors. And practically 
all feel they h ave enough doct ors 
from whom to choose, and are able 
to see the ones they wish to see. 

There was no significant difference 
between the groups so far as satis
faction with the doc tors was con
cerned. From two-thirds to three
fourths of eac h sample group were 
always satisfied, from one-fourth to 
one-third were usuall y sa tisfied, and 
from 0 to 2 percent were dissatisfied. 

There were, however, some sig n ifi
cant differences in the percentage of 
each group who had stopped seeing 
a doc tor at some t ime because they 
were dissatisfied with hi m. The dat a 
reveal that 100 percent of those with
out a pla n, 92 percent of those having 
both plans, 27 percen t of the BC-BS. 
and 16 percent of the CHC members 

(Continued on page 16) 
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The Peat Soi Is of Minnesota� 
ROUSE S. FARNHAM 

ABOUT 14 P ERCENT of Min ne
sota's total ac reage, or 7lh m il

lion acres, is peat. Som e 3 million of 
these acres a r e po ten t iall y good crop
land or t imber lan d ; much of th e rest 
is suited fo r growing Ch r istmas t rees, 
pulpwood, and fo rage grasses, or for 
wildlife sanctuaries. 

Why isn't peat being used ex ten
sively ri gh t now ? F or one reason, 
m any farm ers and foresters haven' t 
been able to handle it economically . 
Also, different kinds of peat r equire 
different handli ng. It has been a com
m on mist ake t o ass ume that all peats 
are alike physically and chemically 
and can be farmed the same as ordi
nary mineral soils . 

If in the fu tur e a rapidly expand
in g population should m ake it n eces
sary , Minnesota farmers can turn a 
huge land r eservoir of peat into food 
product ion . Meanwhile, the Univer
sity 's Soils Department is systemati 
call y invest igating the n ature and 
distribution of this potentially valu
able soil r esource. 

In m any places in the United 
States, improved , w ell-m an aged peat 
lands produce good yields of truck 
crops such as potatoes, cabbage, let
tuce, onions, and celer y ; such sp ec ial 
crops as mint, blueberries, and cran
ber r ies; and corn, grain, pastur e and 
forage crops as well . Minnesota has 
thousands of acres of peat lands just 
as productive. Poor results generally 
st em from mistaken notions concern
ing peat farming, poor management, 
and poor choice of land. 

TYPES OF PEAT 

The many d ifferent k inds of pea t 
in Minnesot a are due to the d iverse 
nature of th e clim atic, geol og ic, and 
b iotic factors of the bog environment. 
Peat is formed when de ad plant re
mains accumulate under wet con di
tions such as exist in old lake basins, 
depressions, and wet fiats. Actually 
these d ead plan ts v ary wi th the en
vironmental conditions, as do es the 
living bog ve getati on . 

Rouse S. Fa m h a m is research associate, De
partment of Soils . Th e rese a rch on peat clnssif ico
tion is coordinated with and supported in part b y 
the Chemical Produ cts From Peat Project 01 the 
Iro n Ranqe Resources a n d Re habilitation Com 
mission. 

~RE~ 1 
Many large. ,hallo w bog,� 
Peot acr eoglt l " ,690,000 (est.)� 

AREA 2 
M4ny small. deep bog,� 
P.at acreage: 2,442,000 (est.)� 

AAEA 3 o� Few \ ma ll bog s 
Peat ee rec ae t ~25,300 (Mt.) 

TOTAL PEAT ACREAGE: 7.557,rIXJ (est.) 

Fig . 1. The extent a nd distribution of peat In Minn esota . 

We have developed, through r e 3. Moss peat- rem ains from mo ss
search, a relat ively sim ple classifica es . 
t ion system for all peat soils in Min  4. Herbaceous peat- r em ains fro m 
nesota, based primarily on the kind sedges, reeds, grasses, and other 
of pl ant r em ains in the peats. This perennial herb plants. 
proposed classificat ion is as follows: 5. Aquatic peat- r em ains from wa

Peat, hi ghly decomposed, with un ter plants. 
identifiable plant remains 6.� Woody peat- r em ains from trees 

1.� Aggregated peat (muck ) - fine and shrubs.� 
particles of well-decomposed� Differences in botanical composi
peat� with granular st ructure. tion of various peats are acc ompanied 

2.� Amorphous peat- h ighly decom by im port ant differences in their or
posed, sticky, organic material ga ni c and inorgan ic constituents-as 
lacking struct u re, oft en mixed well as in ac idity and nutrient con
with mineral sil ts and clays. ten t . 

Peat, par tl y d ecomposed, with In addition to plant r em ains, the 
r eadily id entified plan t r emains ab il ity of peat t o ab sorb wate r, the 

Minnesota's peat lands are extensive, varying greally in thei r 
value for agr icuUural use-either as cropland or ti mber land. A popu
la r misconception that " all peat is a like" has prevented proper han
dling of these soil s in many cases. Here, as an outcome of the constant 
research be ing carried on by the Un iversity of Minnesota's Soils De
partment, the author proposes a new system of classification for peat 
soils, for the Lake States as well as for Minnesota. 
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miner al composition, and other im
p ortant physical and chemical p r op 
er t ie s are consider ed in t h e classifica
t ion. T h e system w as designed to 
m eet the requirements of any who 
might use peat-farmer, h ome ow n er, 
or indust rialist. Classifica tion is b asic 
t o' any proposed use, and research 
data on the v ar ious types in the sys
t em w ill aid the farmer as w ell as 
an y other user of peat . 

Brief description s of the six grou ps 
follow . 

1. Aggregated Peat (Muck) 

Includes well-d ecomposed gr an u la r 
organic soils that con t a in no identifi
ab le plant remains. Surface layers of 
dra in ed b ogs tha t h ave b een culti
vated are of t h is type . This g r oup in
cl u d es all organic soils p r eviously 
called muck. May originate from any 
of the p lan t rem a ins through d ecom
position processes. Often occurs as a 
very thin d eposit over mineral mate
r ia ls . 

Distinguishing fea tures - Color varies 
from dark brown to almost black ; texture 
is somewhat fine ; consistence is fri abl e 
when moist, and soft when dry; structure 
is granular . May be similar to amorphous 
peat in color and texture, but consistence 
is never plastic as in thos e peats, and it 
nev er cracks or swells. The herbaceous 
and woody peats readily decompo se to 
aggregated peats wh en draine d and cult i
vated. 

Dis t r ibution an d exte n t -O ccur s 
throughout th e state, but is more preva
lent in th e pr airi e areas of southern Min
nesota where the biolo gical decomposition 
processes are most active. 

2. Amorphous Peat 

Composed chiefly of highly decom
po sed unidentifiable plant remains 
f ro m aquatic plants, organic colloids, 
organic precipitates , or as thin oxi
dized and highly humified organic 
layers. May occur as thin veins 
throughout other peat layers, al
though usually it constitutes the basal 
layer at the contact w it h the mineral 
substratum. 

Distingu ishing features - Well-decom
posed, highly humified decomposition 
products of plants or organic precipitates. 
Often black or very dark in color . This 
peat is structureless, generally massive; 
shrinks and cracks wh en dry; may not 
rewet after becoming dr y; usually has 
a high min eral content (silt and clay); 
iron cont ent oft en high. 

Distribution a nd ex tent - Occ u r s 
throughout the state, but is most common 
in glacial outwash plains and old lake 
basin s. In southern Minnesota , the upper-
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Table 1. Physical properties of Minnesota peats 

Av era ge mechanica l compositionRange in 
maximum Average Particle s ize water-holding bulkTypeofpeat capacities density Coarse Medium Fine 

(percent) (gms/cc > l mm 1.0-0.1 mm < 0.1 mmdry basis) (percent) (percent) (percent)
Amorphous .. 185·371� 
Aggregated (muck) 301-471� 
Moss 1,134-2,771� 
Herbaceous 531-1,258� 
Aquatic 350-712� 
Woody 550-875� 

most-usually oxidized-sedimentary lay
ers in deep bogs are of this type. This is 
the least ex tensive of all the peat typ es. 

3. Moss Peat 

Moss peats are the easiest type to 
identify . T h ey are d erived chiefly 
from sp h agn u m and related kinds of 
mosses. T h e surfaces of bogs con t a in 
ing moss peat are characteristically 
hummocky. These spongy moss hum
m ocks or m ou n ds . are often 1 to 2 
feet high, commonly occurring be
n eath black sp r u ce and fir trees. Moss 
peat often contains inclusions of 
rotted lo gs and other woody remains, 
and occasionally thin veins of highly 
d ecomposed organic material. Many 
d eposits a r e thin, but they often 
r each a depth of 7 to 10 feet. 

Distinguish ing fea tures- Color is pale 
yellow to yellowish brown or gray. Moss 
peat is fluffy an d spongy and often very 
hummocky. The plant remains are easily 
identi fied becaus e of their rawn ess, al
though th ey ma y be partly disintegr ated . 

Location and extent- Most common in 
nor the rn and northeastern Minnesota . 
Beltrami, Kooehiching, Itasca, and St . 
Louis Counties contain very extensive 
areas. 

4. Herbaceous Peat 

H erbaceous peats are composed of 
eas ily identifiable plant remains from 
sedges, reeds, grasses, and other 
perennial h erb plants. The plant re
m ains composing this group are ex
ceedingly variable in size, color, and 
arrangement. They are generally 
fibrous, with the fibers varying from 
fine to coarse. The plant material 
varies fr om raw to highly disinte

1.2 15 35 50 
l.l 4 40 56 
0.4 68 23 9 
0.7 42 37 21 
0.9 
0.6 30 50 20 

grated, but very rarely is it d ecom
posed to an y extent. 

Distinguishing features - Plant remains 
easy to identify; contains many fibers of 
various sizes and arr angements; color 
varies from ye llowish brown to dark red 
dish brown and brownish black; often 
laminated or stringy and matted; very 
porous; usually not too decomposed. 

Distribution and extent- The most ex
tensive and wid ely distributed peats in 
th e state, they appear everywhere . Gen
er ally there is a lay er of pure herb peat 
or a mixture with other types ' in most 
bogs, although it does not always occur 
on the surface. 

5. Woody Peat 

These peats are d erived mainly 
from deciduous and coniferous trees, 
heath shrubs, willow, alder, etc. 
Many woody peats occur as m ix t u res 
with other types, but there are some 
pure layers of this type. In the cen 
tral and sou t h ern part of the state 
su ch trees as elm, ash, m aple, etc.: 
are the parent plant materials . In 
northern Minnesota, bog conifers 
such as tamarack, black spruce, white 
cedar, and heath plants are the prin
cipal plants which give rise t o woody 
peat. 

Distingu ishing features - Vari es from 
brown to reddish brown in color and con
tains much woody material of all sizes 
shapes, and colors. Stems, roots, bark: 
cones. and finely divided wood fragments 
are common . Structure is fragmental wit h 
man y clumps of finely divided wood im
bedd ed in a matrix of other plant mate
rials such as herbs and mosses. Con
sist ence is friable when moist, and the 
clumps disintegrate easily with slight 
pr essure. 

(Continued on page 14) 

Table 2. Chemical properties 01 Minnesota peats 

Type at peat 
Location
(county) Depth 

React ion
pH 

Ash 
content 

Pyro
phosphate 
solubility 

Nitrogen
(N) 

Amorphous ...... 
Aggregated (muck) 
Moss .. 
Herbaceous ...... 
Aquatic ......................._•. ..._...._.... 
Woody...............................,...~ .............. 

Aitkin 
McLeod 
Aitkin 
Anoka 
Itasca 
Koochiching 

(inches) 
35-41 
0-12 
6-78 

12·36 
69-132 

0·18 

6.2 
7.5 
3.8 
5.4 
7.5 
6.0 

(percent) 
66.6 
55.9 

4.5 
15.8 
43.9 
12.5 

(percent) 
2·3 
2 

< 11. 
~ 
~-% 

Vt 

(percent) 
1.21 
1.40 
0.44 
3.43 

2.44 
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(Continued from page 13) 

Distribution and extent-Occurs only in 
the forested areas of the state; it is n ever 
fou nd in the open prairie areas. Some of 
the po tentially m ost productive peats in 
the state are woody pe ats d erived from 
white ced ar. 

6. A quatic Peat 

Aq uatic pe ats a re de r ived from 
such water plants as al gae, water 
lilies, pond weeds, plankton, and 
other pla nts and animals occurring 
in lakes. Through sedimentation proc
esses in lakes, the plant remains 
set tl e to the bottom and accumula te. 
Layers are generally at the base, but 
they may occur anywhere in a b og 
profile if t he con ditions were such 
originally . 

Fig. 2. A bog in its natural slate. 51. Louis 
County. Aside from the lone birch tree. the 
cover is a lmost entirely bla ck spruce. 

Distinguishing features - These peats 
ge nerally h av e a relatively fine texture. 
Th ey are very dar k gray , brownish gray, 
or somewhat greenish in co lor. P lant re
mains are often m ix ed with mineral sedi 
ments (silt and cl ay). 

Location and extent- Occu rs through 
out the state, usually in very deep bogs. 
Not as common as many of the oth er 
types. 

CHARACTERISTICS OF PEAT 

Peat soils possess several impor
tant distinguishing physical and 
chemical properties. These vary with 
the different types 'of peat. This varia
bili ty emphasizes the import an ce of 
a sound classification system. 

Physical Properties 

Water-holding capacity is a partic
ul a rl y important property of peat for 
improving the moisture status of 
soils. Sp hagn um moss peat has the 
h ighest water-holding capacity of any 
of the peats. It may absorb as much 
as 27 t imes its own weight of wate r 
(table 1). 

Volume weight (bulk density) of 
peats varies widely. Moss peats have 
the lowest bulk density; amorpho us 
and aggregated peats, the highest. 
Moss peat, for example , is two and 
a half times lighter per given volume 
than water. Those peats with higher 
bulk densit ies are heavier than water. 
Because of its very low bulk density, 
sphagn um mo ss peat is excellent fo r 
use as a soil conditioner in improving 
heavy-textured soi ls . 

Mec hanical composition (fineness or 
.coarseness) varies. Am orphous and 
aggregated peats have the highest 
percentage of fin e particles; moss 
and herb peats have the highest per
centage of coarse par ticles. 

Chemical Properties 

Ash analysis indicates the amount 
of inorganic constituents present. 
When the ash content is high, the 
organic matter content is low , and 
conversely. The moss peats have the 
lowest ash content of any Minnesota 
peats, with sphagn um mos s peat hav
ing 4.5 percent (table 2). 

Amorphous and aggregated peats 
frequently contain admixtures of 
wind- or water-deposited mineral 
material , thus their ash content is 
high. In the classification syst em, ash 
con t en ts in excess of 70 percent in 
the case of peats overly ing silts and 
clays and 80 percent if overlying 
sands is the arbitrary division be
tween organic and mineral soil s. 

Acidity is im po rt an t. Extrem ely 
acid peats-such as the m oss peat s 
(table 2)-are too acid for most cr op 
plants, and the plant nutrien ts are 
not r eadily available. 

The aggregated peats or mucks in 
western Minnesota and the woody 
peats formed from white cedar in 
northern Minnesota have the most 
desirable pH range for most farm and 
horticultural crops. The strong ac id
ity of moss peats is, however, an ad
vantage when that material is used 
as a mulch for acid-loving shrubs and 
ornamental conifers. 

Degree of decomposition is indi
cat ed by a simple and speedy test
the percentage of soluble organic 
material extracted by sodium pyro
phospha te. P eats such as the ag gre
gated and amorphous types that have 
had considerable chemical and bio
logical decomposition going on show 
high solu b ilities in sodium pyrophos
phate. Others, like the ve ry raw 

sphagnum moss peat and some coarse 
herbaceous peats, are only slightly 
solub le in sodium pyrophosphate. 

Nitrogen content varies. Generally, 
herbaceous and woody peats have the 
highest; moss peats, the low est. Ag
gregated peats developed from herba
ceous plant material are often h igh 
in n it rogen , too (table 2). 

Phosphate and polash content are 
both usuall y very low in peat, and 
must be supplied for the satisfactory 
growth of crop plants. 

Lime is generally deficient in the 
very acid peats. However, m an y of 
the southern and western Minnesota 
peats are adequately supplied. 

USES OF PEAT 

Peat is used for crop production , 
soil improvement, as a mulch, for 
packing various plants, as poultry lit
ter and bedd ing for cattle, and for 
many other industrial and technical 
purposes. In Europe, pea t is widely 
used for fuel , fertilizer, soil cond ition
ing, etc. The poss ib le agricultural 
uses of peat are almost limitless. 

Peat of any kind tends to improve 
th e ph ysical condition of heavy-tex
tured soils and the moisture status of 
sandy soils. As a soil, peat can be used 
for most any crop under th e proper 
conditions . Corn, grain, vegetables , 
or pastures do well on peat if the 
soil is properly fertilized and ade
quately drained . 

Fig. 3. Pea t under cult ivation for cabbage 
in Aitkin County. Field crops such a s oa ts. 
rye. and barley a lso do we ll on improv ed 
we ll-mcncqsd pea t soils in Minnesota. 

Moss peat m akes a fine mulch for 
roses, for landscaping, for evergreens, 
and for greenhouse nurseries. For 
ornamental pla nts that need a slight
ly acid soil, moss peat is just what 
is needed. It also makes a good mate
rial for packing certain pla nts 
shipped out by nurser ies. 

(Continued on page 19) 
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Rancidity in Edible Fats� 
-and Its Prevention� 

w. O. LUNDBERG 

MANY housew iv es are troubled 
w ith rancidity or a tainted smell 

and taste in fats or fa tty parts of 
food s. There are m any kinds of ran
cidity, b ut we'll consider only the 
most common and importan t k ind of 
rancid ity in th is a r t icle. This is the 
so-call ed ox idative r ancidity pro
duced by r eaction of fat with oxygen 
in the air. 

This rancidity occurs typicall y in 
lard or shor te n ings and can be recog
ni zed at first by a somewhat swee t 
taste and odo r. This tast e and od or 
becom es progressively pungent and 
offensive as the p roduct deteriorat es. 

Among the m ore comm only affec ted 
foods are shorteni ngs, sa la d dressings, 
spreads, pan-fried foods, potato ch ips 
and other deep-fat fried foo ds, baked 
goods, nuts, and var iou s meat, poul
t ry, fish , dairy and cereal products. 

Importance of Common� 
Oxidative Rancidity� 

Most people in the Unit ed States 
are concerned about rancidi ty because 
they simply do n ot like the odor and 
flavor of r ancid fat . On the other 
hand, in parts of India where there is 
li ttle or no refrigeration , a butter 
call ed "ghe e" produced from Indian 
buffalo milk is not considered normal 
unless it is highly rancid. 

In recen t years a second impo r tan t 
ob ject ion to rancid ity has ari sen 
based on indirect, and possibly al so 
direct, harmful physiological effects . 
Rancid fats can be indirectly harmful 
because of their destructive effect on 
var ious vitamins, particularly the fa t
soluble vitamins A, D, E, and K. 

Clear-cut proof of direct t oxic 
effects is lacking, ex ce pt in ex peri
ments with fats who se r ancidity has 
progressed far beyond the po int of 
tolerabl e tast e and odor. How ever , 
there is appreciable circumstantial 
evidence that f re quen t use of r an cid 
fat in the diet may lead to long range 
toxic effect s. 

w. O. Lundberg is professor , Department of 
Agricultural Biochemistry. and director of the 
Hormel Institute at Aus tin. Minn. 
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Further re search to find out d efi
nitely the importance of long-range 
effec ts is sorely needed because peo
ple do eat ox idized fat far mo re fre
quentl y an d ex tens ive ly th an they 
commonly realize. Rancidified or ox i
diz ed fat, although readily not iced in 
lards, shorte ni ng s, margarine and 
butter, is oft en not recogn ized in 
foods that contain other major com 
ponents besides fat. A person will 
often recogn ize that a certa in food 
does not taste or smell as good as 
other sa mples he has eaten bef ore. 
How ever, he may not recogn ize th at 
fat deterioration is in volved becau se 
othe r flav ors in the fo od cover up 
th e taste. 

Ran cid fat often occurs in cer tain 
types of public ea ti ng pl aces . In some, 
th e oil used in deep -f at fry ing is in
fr equently or nev er di scarded. In
stead, fr es h oil is added to the used 
oil , as need ed , to bring up the vo lume. 
Under these cir cumstances the oil 
f requently be comes highly ' ox id ized 
d ue to continuou s ex posure to air at 
high t emperature. 

In some "short-order" ea t ing pl aces 
and hamburger em poriums, m eats, 
eggs, potat oes, and other foods a re 
f r ied on greased grills that a re con
t inuously heated for long pe r iods 
witho ut r em oving the fat that re
mained from previous cook ings. The 
residual fat, though it may be small 
in amount, is hi ghly ox idized and 
steps up the oxi d ati on of addi tion al 
fat or fatty food placed on the gril l. 
Eat ing pl aces of this type are ea sily 
de tecte d some distance aw ay by the 
odo r of rancid fat that com es fr om 
them. 

Ev en in the home, the eat ing of 
ox idized fat is not uncommon. With 
all fats, ex posure to air at high tem
perature for any length of t ime leads 
to apprec iable ox id at ion. 

Preventing Rancidity 

Although the consumer can take 
certain steps to prevent or slow down 
rancidity, research at the University 
of Minnesota and els ew here indicates 
that the most effective measures usu- • 

ally a re in the hands of the producer 
or processor of fatty foods. These in
clude: 

1. Keeping fat from appreciable 
contact with air. by using what is 
called degassing or regassing proc
esses. During canning or packing , air 
is either elim inat ed by vacuum pack
ing, or it is di splaced by some in ert 
gas such as nitro gen or carbon diox
ide. Such processes are used with 
canned nuts, coffee , and vario us other 
p roducts. 

2. Selecting fats that are less likely 
to oxidize. Some fat components, 
ca ll ed polyunsaturated fa tty acids, 
are m ore sus cept ible to ox idation than 
more satu ra te d compone nts . Thus 
ca re fully sel ecting fats that contain 
smaller am ounts of the pol yunsatu
rate d fatty ac ids in some cases may 
cut down the rancidity problem . 

3. Hardening of oils by hydrogena
tion. This helps eliminate pol yunsa tu
rate d fatty acids. Therefo re, hydro
genate d products such as shor teni ngs 
and m argarine are fa r less suscept ible 
to rancidity than the cottonseed 01 

soybe an oils from which they are 
prepared . 

4. Avoiding the introduction of 
traces of metals such as copper or 
iron during processing. Very small 
amo unts of these metals, eve n con
cen trati ons of les s than 1 par t per 
million , will markedly speed up th e 
development of rancidity . Minor 
traces of metallic compounds are 
present in fats naturally, but the chief 
source of metals in processed fat s is 
the metallic processing equipm ent . In 
modern practice, therefore, stainless 
stee l equipment is replacing ordinary 
steels which are more suscept ible to 
corrosion . 

5. Addition of small amounts of 
chemicals known as antioxidants. 
This is the simplest and cheapest 
method of dealing w ith rancidity . 
Antiox idants are negative catalysts, 
th at is, they h inder the r eact ion of fat 
with ai r . On e of the interesting fea
tures abo ut modern ant iox idan ts is 
that very low concentrations, ranging 
from 0.001 to 0.1 percent may effec
tively multiply the keeping t im e of 
fats m an yf old under some conditions. 

Using Antioxidants 

Most natural fats and oils contain 
small amounts of natural antioxi
dants. Among them, common to al
m ost all vegetable oil s and present 

(Con t in ued on page 16) 
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citric acid, and BHA ; or NDGA, cit r ic RANCIDITYIN EDIBLE FATS. acid, and BHA or BHT; or a mixture 
(Con ti n ued from p age 15) 

al so in small amounts in animal fats, 
are subst an ces call ed tocopherols. 
These a re a lso kn ow n coll ecti vely as 
vitamin E. The se veral forms of vit a
min E, w h ile no t considered h ighly 
potent an t ioxidants, a re lar gely re
sponsible for any natural stability 
possessed by common fats and oil s. 

Se veral other natural and synthetic 
antioxidants h ave been approved for 
use in v ar iou s food products . The 
more effectiv e and important ones, 
lis t ed in the order of thei r acceptance 
chronologically in food s, are: 

1. NDGA or nordihydroguaiaretic 
ac id , developed at the Un iv er sity of 
Minnesota. 

2. Propyl gallate. 
3. BHA or b utylated hydroxyani

sole. 
4. BHT or butylated hydroxytolu

en e. 

Approved antioxidants of an aux
iliary t ype are citric and phosphoric 
ac ids. 

The quali ti es desired in the anti
oxidants are n umerous an d ex act ing. 
For th is reason n o single ideal anti
ox id an t h as yet been found . Among 
the m any desirable properties are: 
effect iveness at low concentration; the 
absence of color , odor, or t ast e of the 
antioxidant in the product; solubility 
in fat ; resistance to de struction by 
heat; resist ance to reaction with other 
food components; low cost ; and harm
lessness. 

Although no single substance m eets 
all these qualifications, the ideal anti
oxidant may be approached by usin g 
combinations of two or three antioxi
dants. Thus, it is a recommended 
practice tod ay to use combinations of 
antiox id ants such as propyl gallate, 

TWO HARBORS MEDICALPLAN SURVEY '� 
(Con t in ued f rom page 11) 

had stopped seeing a do ctor due to 
d issatisfact ion . 

Adequacy in Paying Medical Ex
penses- Her e the groups di ffered 
gr eatl y in their a ttitudes. The study 
showed that 82 percent of th e BC -BS 
gr oup , 85 percent of those individuals 
with both plans, and only 56 percent 
of those w ith out a plan thought the 
present plans were adequate. Of the 
CHC group, 72 percent thought the 
present plans were adequate. 

Those persons who did n ot belon g 
to any plan may have felt the plans 
were inadequate at the present time, 
and would consider joining a plan 
w hich they felt was adequate. It is 
also poss ible th at their not being 
members of a plan may have hin
de red considerably their knowledge 
of th e prepayment plans' coverage. 

Reasonableness of Fees- Th is part 
of the study concerned attitude s 
tow ard do ct ors' fees, ho spital costs, 
and cost of drugs . 

DOCTORS' FEES-18 percent of 
the BC-BS gr oup thought they were 
too high , as compared to only 6.9 per
cent of the CHC group. No one with 
cover ag e from bo th plans thought the 
fees for the doc tor's services were too 
high. Only 9.4 percent of those indi

viduals without any plan, as com
pared to 19 percent under other 
plans, thought that physicians' fe es 
were too hi gh. 

HOSPITAL COSTS-No member 
covered with both plans thought that 
ho spital costs were too high. On th e 
ot her hand, such costs were consid
er ed too high by 6 pe rcent of the CHC 
group, 7 percent of the BC-BS group, 
14 percent covered by other plans, 
and 9 percent of those without any 
plan whatsoever. 

COST OF DRUGS-Here there was 
a go od deal more ag reement among 
the groups. From 22 to 44 percent of 
the members of the five groups con
sidered the prices of drugs too expen
sive. Of the BC-BS members, 44 per
cent thought drugs were too expen
sive, while on ly 22 percent of the 
CHC members thou gh t such was the 
case. 

The data indicate that 63 percent 
of the CHC members, as compared to 
31 percent of t he BC-BS members 
and 30 percent of the members of 
other plans, thought that neither doc
tors, hospitals, nor drugs were too 
expensive. In general, those indi
viduals with the more complete cov

-er age were less apt to consider the 

of BHA and BHT. The more effective 
combinations en able shortenings to 
withstand rancidification at room 
tem per at ur es for many m on ths, an d 
in addition afford good protection to 
baked products in whi ch the shorten
ings are used. 

This does not mean that an ti ox i
dants can ov ercome the pr oblem of 
r an cid ity completely. Rancidity con
ti n ues to be a problem in deep-fat fry
ing ; in other processes where fats are 
sub jected to hi gh temper ature for 
long periods in the pres ence of ai r ' 
an d in food pr oducts where addition 
of antioxidants to the fat components 
is difficult or impossible. Thus, fo r 
example, f rozen poultry and meats 
become rancid after long storage be
cause no one has yet devised a suc
cessful method for introducing the 
more effect ive antioxidants in to tho 
fatty components of the se foo ds . 

cos t of any of these servi ces exces
sive. 

Conclusions 

While these results represent the 
findings of on e study in on e com
munity, they do confirm the results 
of another study conducted in Little 
Rock, Arkansas. 

Membership or nonmembership in 
a prepayment health pl an-regard
less of the nature of the organiza
ti on of the plan or the degree of cov
erage--appears to have little if any 
influence upon the extent to which an 
individual uses m edical services and 
facilities, or the extent to which he 
reports symptoms of illness and the 
ex ten t to which they go untreated. 

This is al so true fo r the degree of 
satisfact ion with doctors' services and 
faci li t ies. 

There does, however, appear to be 
a s ign ificant difference among mem
bers of the various plans in their atti
tude towards costs of medical ca re 
as reflected in the fees for doctors 
hospitals, and drugs. Those person ~ 
having the m ost complete coverage 
have the least complaint about costs . 

There is no evidence that excessive 
use of services occurs, or that doctor
patient relationships suffer, under a 
more comprehensive, cooperatively 
owned medical plan than under any 
other type of plan, or under no plan 
at all. 
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Grain Infesting Insects and� 
STORAGE MOLDS� 

N. S. AGRAWAL, C. M. CHRISTENSEN, and A. C. HODSON 

Fig . 1. An a dult gr anary weevil. which was 
dipped in germicide to kill externally borne 
fungus spores ad pl ac ed on agar. Alter 10 
da ys. Aspergillus re strtctus, a storage mold. 
grew from the lip of the be a k (ar row). 

MORE THAN 30 differen t kinds of 
insects live in and consume 

stor ed grain and grain products; 
m an y of these have long been recog
niz ed as m ajor pests. Work here over 
the past 15 years has shown that cer
tain kinds of molds, known commonly 
as storage molds, also cause various 
typ es of spoilage in stored gr ain . Re 
cently we became interested in find
ing out whether certain of the grain 
infesting ins ects mi ght harbor, car ry , 
or pro vide conditions favorable for 
th e growth of some of the in jurious 
storage molds. 

To te st th is, we began with w heat 
that was almost free of storage molds, 
and wh ose mo isture con tent was 
abo ut 12 percent-too dry to permit 
th e m olds to grow , but moist enough 
to permit the ins ects to become estab
lished. To some samples of this grain 
we added known num bers of granary 
weevils, one of the common insect 
pests of store d grain. Other samples 
were left free of insects, as controls. 
All were stored in air with a relative 
humidity of 75 percent. At that 
humidity, the grain should gradually 
absorb water vapor until the seed 
attains a moisture content of 15 per
cent, moist enough to permit slow in
vasion of the germs by storage molds. 

Afier a month, the grain samples 
were tested for mo isture content and 
mold s. The m oisture con ten t of the 
controls was about 15 percent, as it 
sh ould have been, and the seeds were 
only lightly invaded by storage molds. 
The moisture content of the samples 
to which weevils had been added had 

N. S. Agrawal is a research assistant in En
tomology , C. M. Christensen is professor, Depart. 
ment of Plant Patholoay and Botany. and A. C. 
Hodson is professor. Depa rtmen t of Entomology
and Economic Zoology, 
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increased to 16 or 17 percent, and the 
germs of m any of these seeds were 
exceedingly moldy. The major storage 
mold present in the samples contain
ing weevils was Asp ergillus restrictm , 
a fungus we frequently have found 
associated with development of sick 
or germ-damaged seed in commercial 
storage. 

It is well known, of course, that in 
sects contr ibute moisture to the grain 
in which they are developing. Was 
the increase in certain storage molds 
in these tests due merely to the in
creased moisture content of the grain 
as a result of insect activity? 

We put wheat with a moisture con
tent of about 15 percent in bottles, 
and forced air of 75 percent relative 
humidity through the grain, at a rate 
presumably fast enough to keep the 
moisture content of the grain at 15 
percent regardless of the water pro
duced by th e activities of the weevils. 

weevils, however, had nearly 20 
times as much storage mold as the 
one without weevils. Evidently mo is
ture content was not the deciding 
factor in the vigorous development of 
the fungus , since both samples had 
the same moisture content. In this 
te st, as in the previous one, t he major 
storage mold present where the 
weevils were developing was Asper
gillm restrictus. Evidently the weevils 
either were inoculating the seed with 
this particular storage mold, or were 
providing special conditions under 
which this mold could grow rapidly, 
or both. 

Weevils were dipped in a germ icide 
to kill all the externally borne spor es, 
then placed on an agar medium that 
would allow any storage molds with
in them to grow out. All of the adult 
weevils tested have had spores of 
storage molds not only on the out
side of their bodies, but on t he in-

Fig. 2. A granary weevil (magnified about 27 times) treated as in fig . 1 with similar re
sults-only here the storage mold (arrow) grew from the anal opening of the be etle. Test s such 
a s this suggested that the fungus might be harbored in the inside of the adult weevils . 

To one bottle was added a known 
number of weevils, while the other 
was left free of insects as a control. 
After a month both were tested for 
m oisture content and storage molds. 

Both samples, those with weevils 
and those with out , remained at a 
moistu re con ten t of 15 percent, as 
t hey should have. The one with 

side also. Aspergillus restrictm.grew out 
through the beak, the anal opening, 
or through the body wall, of nearly 
every individual so cultured, as 
shown in figures 1 an d 2. Subse
quently we dissected the insects, cul
tured the internal organs, and found 
this storage mold in abundance in the 

(Con tinued on page 19) 
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IMPROVED NUTRITION OF SUCKLING AGE� 
PIGS CAN INCREASE PROFITS� 

R. J. MEADE and L. E. HANSON 

SWIN E PRODUCERS today can 
produce more pounds of pork in 

a sh or ter time on less feed. How? By 
us ing knowledge now available on 
the nutrition of growing-fattening 
pigs. Rapid progress is being made 
in improving the nutrition and man
agement of pigs weaned at early age. 
However, nutritional studies with 
these younger pigs are more difficult, 
and the results often difficult to in
terpret, bec ause nutrient require
ments of very young pigs are much 
more critical and these pigs are also 
more susceptible to disease. 

Work on Early Weaning 

Many investigations are being con
ducted at several Agricultural Ex
periment Stations to determine those 
nutrients required by pigs weaned 
at 7 days of age. These studies also 
include experimentation with diff er
ent feed mixtures which will supply 
the needed nutrients most econ omi-, 
cally. 

A popular age for wean ing pigs for 
other similar studies is 3 weeks of 
age. Such pigs usually weigh from 
10 to 12 pounds each. Still other in
vestigations are concerned with im
proving palatability of pi g starters so 
that pigs left w ith the sow for the 
entire suckling period will consume 
more total creep feed. The obvious '. 
advantage to the producer of great er 
feed intake is heavier and more 
thr ifty pigs at weaning time. 
l One of the first drawbacks to early 
weaning of pigs was the problem of 
handling liquid sow-milk replacers. 
This disadvantage has been elimi
nated through the use of dry sta r ter s 
an d pre-starters for pigs weaned 7 to 
21 days of age. Early weaning of pigs 
can result in some advantage to the 
producer in that sows can be sold, 
perhaps at better prices, and sow feed 
cos ts can be gr eatly reduced. Al
though one proposed advantage is 
decreased weight loss by the sow, 
such an advantage is not great. 

R. J. Meade is associate professor, Department 
01 Animal Husbandry, and L. E. Hanson is pro
fessor and head, Department of Animal Hus
bandry. 

Sows can also be rebred at an 
ear li er date so that more than 2 litters 
of p igs can be realized per year. How
ever , results of research at other sta
tions do n ot favor this approach, be
cause many sows bred during the first. 
est r us following early weaning of pigs 
do not conceive and others ovulate a 
below average number of eggs. Ovu
lation of fewer eggs simply means 
fewer pigs from the next litter. 

Management and sanitation are im
portant with suckling age pigs re
gardless of system. These problems 
become even more important with 
ear ly weaned pigs if serious losses 
fr om disease are to be avoided. 

Research work at the Minnesota 
station has been directed toward ob
taining la rge litters of thrifty pigs 
through proper nutrition of sows with 
the inherent ability to farrow large 
litters. Through the use of farrowing 
st all s, heat lamps, and other practices 
a high pe rcentage of pigs bo rn alive 
has be en saved. 

Some Minnesota Studies 

During the past 4 years many of 
the pigs born at University Farm 
have been used for early w eaning 
studies. In one of the early experi
ments with pigs weaned at 3 weeks 
of age, pig starters containing sev
eral levels of protein were used. The 
protein content of the various diets 
and the av erage daily gains of pigs 
were as follows : 16 percent, 0.83 
pound; 20 percent, 1.13 pound; 24 per
cent, 0.82 poun d ; and 28 percent, 0.86 
pound. 

Although results of a later experi
ment failed to show the sam e large 
increase in daily gain of pigs fed a 
20 percent protein starter, it was con
cluded that this level of protein was 
nearly optimum for pigs weaned to a 
dry diet at 3 weeks of age. A rela
t ively sim ple pig starter based on 
groun d yellow corn, sugar, soybean 
oil meal, tankage, and dried skimmilk 
was used in this study. Vitamins, 
minerals, an d an antibiotic were in
cluded in the starter. Approximately 
2.0 pounds of feed were required per 

pound of pig gain by pigs used in th e 
above test. This amount of feed is 
approximately twice the amount of 
creep feed consumed per pound of 
gain by pigs nursing sows. 

Pig Starters 

A large amount of work has been 
done to determine the influence of 
feed ingredients upon acceptability of 
pig starters as well as upon pig per
formance. Pigs fed starters contain
ing different flavors or sugar con
sumed from 75 to 80 percent of their 
total feed intake in the form of the 
starter containing 10 percent of sugar 
when given a choice of feed. Rolled 
oats, long reputed to be an absolute 
essential in pig starters, was com
pletely replaced by ground yellow 
corn in one study. Pigs fed the starter 
not containing rolled oats gained ap
proximately 0.75 pound daily on less 
than 2 pounds of feed per pound of 
gain. There was no advantage from 
incl uding rolled oats in the starter. 
The addition of small amounts of de
hydrated alfalfa meal caused rations 
to be less acceptable to young pigs 
and resulted in reduced gains. 

Since milk by-products are often 
used in pig starters, a comparison was 
made between dried skimmilk and 
dried buttermilk as sources of part of 
the protein in pig starters. The early 
weaned pigs used in this experiment 
gained approximately 0.75 pound 
daily on 1.9 pounds of feed per pound 
of gain. Dried buttermilk satisfac
torily replaced all of the dried skim
milk. 

Unknown Growth Factors 

Many feedstuffs possess an ability to 
promote greater gains in young pigs 
because they apparently contain vita
m in -like factors which have not yet 
been identified-unidentified growth 
factors. Condensed fish solubles, dried 
whey, and certain fermentation prod
ucts belong in this category of feeds . 

Numerous studies have been con 
ducted using the above materials 
separately and in combination with 
one another. Pigs weaned at 3 weeks 
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of ag e have generally shown increases 
of from 10 to 15 percent or more in 
average daily gain when recom
mend ed levels of t hese materials were 
included in the starter. Unfortunately, 
a reducti on in feed required per unit 
of gain has not resulted from the use 
of these materials. 

Antibiotic and Enzyme Additions 

Re sults of work at the Minnesota 
Sta t ion an d other experi mer.t stations 
indicate that the addition of 40 grams 
of antibiot ic (aureomycin, terramycin, 
or procaine-pen icillin) per ton of 
starte r increases rate of gain of suck
ling pigs. Increases in daily gain of 
as much as 50 percent resulted where 
pigs appeared to lack thrift. Howev er, 
with thrifty p igs the increase in daily 

gain was from 10 to 20 percent. With 
neither group of pigs was there a con
sis tent impro vem en t in efficiency of 
feed u tilizati on . 

During recent months widespread 
attention has been given to enzyme 
addi tions to p ig starters for pigs 
weaned at 7 to 10 d ays of ag e. Results 
of two tests at Minnesota fail to show 
increased p ig gain or improved effi
ciency of feed utilizat ion due to the 
addit ion of pepsin to the starter fed 
to pigs w eaned at 3 w eeks of age. Two 
factors-age of pigs and protein 
source-m ay have caused n egative re
sults in these te sts. 

Summing Up 

One of the di scouraging aspects of 
early weaning of pigs has been t he 

GRAIN INSECTS ANDSTORAGE MOLDS� 
(Con tinued fr om pa ge 17) 

Fig. 3. Phot omicrogra ph 01 the end 01 a 
g izza rd dissecte d lro m an adult granary 
weevil and pl aced on aga r. As pergillus re 
strictus is growing abundantly Irom the open
ing 01 the gizzard (a rr ow) where the upper 
e nd 01 the mid-intestine was attached. 

gizza rd and in te stines. A typical case 
is sho wn in figure 3. 

We hav e tested la rvae, pupae, and 
adults of several other grain infes t
ing ins ects such as the rice weevil, 
the lesser grain bore r, the sawtooth 
grain beetle, the con fused flou r 
beetle, and the Indian-meal moth, to 
see if they also h arb or and carry stor
age molds. They do. 

For example, as was done with the 
granary weevils, la rvae of the con 
fus ed flou r beetle were dipped in a 
germ icide and then cultured on agar. 
Besides Aspergillus restricius, other 
st orage molds were found gro w ing 
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fro m the interior of the insect, as 
figure 4 graphica ll y illust r ates. 

The evidence accumu lated so fa r 
m akes it se em likely th at wherever 
infestat ions of so me of the comm on 
grain infestin g insec ts are fou nd, stor
age molds known to cause variou s 
typ es of de teriora t ion also w ill be 
p resent. As the in sects inc rease, so 
do the m old s. 

Str ict con trol of grain in festing in
sects is not likely to elimi nate stor
age molds, since many of the storage 
molds can and do invade m oist stored 
grain without any help from in sects. 
But strict control of in sects may help 
materially in reducing los ses from 

Fig . 4. Larva 01 the conlused 1I0ur beetle 
(Triboilum conrus um), dipped in germicide to 
kill externally borne spores, then cultured on 
a ga r. Aspergillus restrictus and other species 
01 stora ge molds are growing abundantly Irom 
the entire interior 01 th e insect. 

fa ilure of the early weaned pigs to 
gain as rapidly and as efficiently dur
ing the growing-fattening period as 
those pigs weaned at 8 weeks of age. 
This finding, the failure to get con 
sisten t results in different trials, an d 
the obtaining of negative results in 
other ex pe rimen ts st rongly indicate 
that a great deal of research in nutri
tio n of the young pigs remains to be 
done. 

It seems obvious that much more 
efficient gains must be achieved. 
Swine breeders must develop animals 
with the inherent ability to ga in r ap
idly and efficiently. Swine nutrition
ists must develop rations on which 
the pig can express its inherent 
ability to grow rapidly on the least 
pos sible feed . 

sick wheat and othe r mold-cau sed 
p rob lems in bins where, withou t the 
act iv ity of the insects, th e mold s 
alone would cause lit tl e or no dam
age. 

THE PEAT SOILS OF� 
MINNESOTA� 

(Contin ued from page 14) 

P eat, alone or w ith mineral m ix
tures or compost, is useful for house 
plants and potted plants in nurseries. 

In establishing and maintaining 
lawns, peat is becoming very popular. 
The less-acid peats with high water
holding capacities are the best peats 
to us e for this purpose. 

Peat is very useful in forest and 
greenhouse nurseries as a medium for 
germ inat ing seed . 

If it were ch eaper to buy, mos s peat 
wo uld m ak e an ideal poultry litter. 
It 's very abso rbe nt and, where it has 
been used, keeps the floor drier than 
most other m ater ial s. It is also quit e 
ster ile, which is of value in con trol
ling po ultry di seases. Moss pea t also 
can be used as bedding in da iry 
barns. 

Th ere's a long way to go befo re 
peat will be widely used for all of 
these things. But with continuing re
search , more practical uses should be 
for thcom ing. The important thing is, 
we already know many of the possi
bilities. 
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outbreak of the disease usually only 
a fe w of the calves di e. 

Signs and Symptoms 

HSUDDEN DEATH

811teratoXeJHi.aJJ The term "sudden death" already 
implies that animals may die shortly 
after being affe ct ed. Th is disease is

D. K. SORENSEN charact er ized by a sudden on set and 

ANIMALS apparently healthy on e 
day may be found dead the next. 

This sudden death is not too unusual, 
but it is always dramatic and it 
causes a great concern among live
stock owners. 

There are m any diseases which 
can cause sudden death in cattle, but 
a disease call ed "Enterotoxem ia" is 
becoming common in Minnesota. 
(P reviously it has been considered 
mainly a di sease of sh eep. ) We know 
its cause and something of the man
ner in wh ich it can act to strike down 
cattle so swiftly. We are now looking 
for means of effective control. 

Vaccines and antitoxins for entero
toxemia in cattle were formerly avail
able only from Great Britain. One 
b iological com pany is beginning pro
du ction in the United States and has 
furnished us with a suppl y . We have 
te sted the products in several out
breaks and also experimented with 
antibiotic therapy. The r esult s are not 
conclus ive but ar e encouragin g 
enough to warrant continuing re
search at the Univers ity . With more 
experimentation we may be able to 
make specific r ecom mendations. For 
the present, this is a report on all w e 
have observed about the cause and 
nature of enteroto xemia of cattle in 
Minnesota. 

Cause and Nature of the� 
Disease� 

En terotoxemia is aptly named, 
since it is caused by a bacterial poison 
(produced by an organism called 
Clostridium perfringens) in the diges
tive t r act of cattl e. Ac tually, the or
gan ism m ay be present in the diges
t ive t r act of no rm al an im als. 

Heavy feeding of highly nutritive 
feed st uffs can activate the organisms 
by prov iding ideal condit ions for 
their growth. Under such conditions 
a powerful toxin is formed, which is 
absorbed into the blood stream and 
can kill the animal rather suddenly. 
Enterotoxemia is unique in being 'a 

D. K. Sorensen is an associa te profe ssor in the 
Divisio n of Veterinary Medicine an d Clinics. 
School of Veterina ry Medi cine. 

combination of nutritional and infec
tious di sease problems. 

Occurrence and Importance 

The d isease is largely a probl em of 
2- to 4-month-old calves, althou gh it 
does cause losses in animals f rom 
I week of ag e to adult cows. It is 
pe rhaps more commonly seen in beef 
calves than in dairy calves. Presuma
bly the larger supply of milk ,avail
able to beef calves, because they are 
nursing in addition to eating a creep 
feed and hay, makes for a richer diet . 
Histories of ou tbreaks among dairy 
calves us ually reveal that the state 
of nutrition was good-the feeding 
program including milk or milk re
placer, free choice to hay, and a grain 
concentrate calf-st arter. 

In younger calves, a large supply 
of milk alone can pr ovide the cond i
tions favorable to the growth of the 
organism and formation of the toxin. 
In adult animals, greedy eaters or ac
cess to luxuriant fe eds can prov ide 
the ne cessary conditions in the diges
tive tract. 

Enterotoxemia al so occurs in sheep. 
Losses in lambs are sizeable and re
ported to be larger than from all 
other causes in the feed lot. A de ath 
r ate of from 3 to 5 percent is normal 
for this disease and in feed lots is 
usually ex pected. 

The disease does not cause as many 
losses among calves as yet. However, 
because of improved rations and man
agement pract ices, we can expect the 
disease to be on the increase. At the 
present, losses among calves due to 
en terotoxem ia are sporadic. In an 

its course may be ver y shor t. 
The usual hi story is that the calves 

we re normal at the last feeding; the 
next time the calves wer e observed 
they were either found dead or ex
tremely sick. F requently the first sign 
of ill ness is to find the calf down and 
unable to arise. The head is usually 
thrown back and will resume that 
position even if forcefully changed. 
Calves often appear to have colic and 
kick spasm odicall y. On occasion the 
animals will have convulsions. 

Death may occur in a matter of 
minutes, or the calves may linger on 
for 4 to 5 days. Most animals die 
w ithin 4 to 5 hours after becoming 
sick. The di sease may become chronic, 
and a di arrhea will develop. Or the 
animal will be subject to repeated 
convulsions, recovering only to have 
another one. Eventually these ani
mals usually die. 

Controlling the Disease 

In the control of any dis ease one 
must consider the cause. It has al
ready been pointed out that we have 
a unique disease-a combination of 
an infectious disease and a nutri
tional disease. This necessitates dif
fe re nt approaches for each causative 
fa ctor . 

1. Management-Heavy feeding or 
good feeding practices predispose an 
animal to the disease. So the pushing 
of animals for maximum gains is haz
ardous . The avoidance of excessive 
feeding is one important part of con 
trol. It is not the entire answer, since 
calves can die of the di sease even 

(Con ti n u ed on page 22) 

.............................: .� 
"Enterotoxemia" has .long been known for its ravages among 

feed lot lambs and has bee~{: th9ught of primarily as a disease of 
sheep. Only recently has it been' observed to a significant degree in 
cattle. Outbreaks among beef and dairy animals are definitely be" 
coming more common in Minnesota. The first problem has been to 
determine the nature of the disease in cattle. as covered in this report 
from the School of Veterinary Medicine. Animal scientists hope that 
further observation and experimenl:al:ion will point l:he way l:o effec
tive control measures. 
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Farm Accid ents - Legal� 
and Moral Aspects� 

ROY G. FRANCIS 

THE NUMBER of accidents on the 
farm has apparen tl y declined 

from the early 1940's . In the ten years 
f rom 1940 to 1949, some 2,150 men, 
women, and children living on Min
nesota fa rms lost t heir lives through 
apparently avoidable accidents. This 
is, roughly, an average of 215 per 
year. In the period from 1950 to 1954, 
747 farm persons lost their lives, an 
average of ab out 149 persons annual
ly. This decline in total accidents, 
however, obscures some very im por
tant t rends . 

First. the drastic change has been 
in the number and kind of accidents 
in the home. In the earlier pe ri od , 
some 63 percent of the accidents were 
in th e home; in the latter period, this 
droppe d to less than 47 percent. Dur
ing th e for ti es, falls accounted for 36.3 
percen t of the fa tal home accide n ts ; 
in th e fifti es this dropped to 14.7 per
cent. In addition to any safety pro
gram, it is quite eviden t that the in
crease in rural electrification has had 
a fa vor able consequence--with im
proved lighting fewer home falls, 
an d a commensurate saving of lives. 

Secondly. part of the change r esults 
from the decline in farm population. 
During the per iod in ques tio n, the 
farm population declined by some 19 
percent , whi le the fa rm fa talities de
clined by 31 pe rcent. Some of t he re 
ducti on in loss of life was due to th e 
fewer number of people who could 
have been fatally in jured . 

Fatal Farm Accidents 

Another striking point to obs erv e 
is that the number of fa t al accidents 
in farm work did not decline in rela
tion to to tal rural populati on : in the 
forties the ye arly average was about 
79.6 fatal accide nts while in the fifti es 
this number was 79.7-despite the de 
cline in population . Ha d the occupa
tional fatali t ies declined in proportion 
to the population, there would have 
been only 62 occupational deaths per 
y ear in the latter period of time. 

Roy G. Francis is a ssocia te professor, Depart. 
ment 01 Rural Sociology. 
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Although the farm fatality has al
ways been essenti ally a male hazard, 
the savings of life in the home in
cr eased t he danger to the male . In th e 
forties for every 100 rural women and 
girls who lost their lives, 305.4 men 
and boys d id also; in the fifties this 
la tter figure jumped to 418.8. The de
cline in population does n ot becom e 
in volved here; as a m at ter of fa ct , 
the number of males per 100 fem ale s 
declined fro m 123.35 in 1940 to 119.83 
in 1950. 

(:·:-::·:·::::·::::·:1 Percent of ,otal farm populat ion 

Percent of fo tal farm occidenn 

,,"' +-- - ------;= =--- ------.1 
~ 
~ 60+---- --1 

~ TO ' 4 65 AND ovn 

AGE GROUPS. MINN ESOTA FARM POPULATION 

Fig. 1. The percentage of farm population 
in certain age-groups compar ed with the per
centage of fatal fa rm accidents for the same 
groups. Had the acc idents been proportionate 
to popula tion. the bars for each age-group 
would hav e been equal. 

While the farm fatality strikes 
down the males, it ought not be sup
posed that this is merely " a ris k of 
one's work." The truth of the matter 
is that though those in the economi
cally productive age groups (from 20 
to 64) accou nt for more than 56 per
cent of the farm population, they ac
count for less than 37 percent of t he 
farm fatalities. The older farm people 
(65 or greater ) are less than 10 per
cent of the population, but account 
for mo re than 31 percent of the fatal 
accidents. In terms of exposure to 
ri sk, those under 20 (althoug h com
prising some 34 perc ent of the popu
latio n) ought to have practically none 
of the fa tal accidents, actually they 

have almost 32 percent of them. In 
deed, those under 5 years of age 
account for 16¥.! percent of the fa ta l 
accidents. 

This lat ter figure amounts to sli gh t
ly less than 25 a year, on the average, 
or less than one suc h accident per 
county every 3 years. Sm all won
der that no one is too distu rbed. How
ever , the enormity of t he pe rsonal 
loss to the " relatively few parents in
vol ved " su ggests the pos sibil ity of 
pursuing the topic fur ther. We are 
not so much raising the quest ion , "Am 
1 my brother 's keeper ?" as, "Am I m y 
son's keeper? " 

A Hypothetical Case 

As a part of a broader research 
project on the at t itudes of the rural 
commun ity as they are related to 
farm acci dents, a qu est ionnai re con
cerning a hypothetical case of the 
death of a 4-year-old boy was su b
m itted to the county attorneys of the 
state. Over 80 percent of them re 
sp onded . The r esults are as foll ows : 

Hypothetical case: A farmer lets h is 4
yea r -old son ride on th e disk -h arrow be
hind the tractor. The man pays little at
tention to the child. Later, he finds t hat 
the boy is missing ; he d iscovers the boy 's 
mutilated body wher e it h ad fallen un
n oticed . The bo y d ies as a result of the 
acciden t. 

Th e attorneys were asked : 
(a ) Is th is negligence? 

(b)� Would the at t itudes of th e farmers 
make jury conviction difficult? 

(c) Would the attem pt to p ro secute the 
fa rmer hurt the attorney 's chance 
for r e -election ? 

(d ) Are the law s of negligence a nd 
manslaughter ad equate? 

(e) Ar e farm fat ali t ie s a sufficient� prob 
lem for conc erted ac tio n ? 

They were en couraged to offer any 
comment in addition to categor ical 
answers to these questions. 

Reactions and Comments 

Eighty-one percent of the attorneys 
who answered agreed that the cas e 
was one involving negligence. Just 
"how much" n egli gence was not an
swerable from the case as given. 
Whether this was a matter of civil 
or criminal negligence would not be 
easily determined, th ey said. Some, 
however, were cer tain that this kind 
of action was so grossly negligent as 
to bord er on inten t, and henc e was 
cr imin al. Most, howeve r, agreed th at 
the case was not "act ionable." In the 

(Continu ed on page 22) 

21 



22 

(Con ti n u ed from p ag e 21) 

case of civil negli gence, for example, 
the law does not all ow an unem anci
pated minor to sue his parent. If the 
parent were covered by insurance, a 
change in the law giving the child 
this right (that is, essentially, let the 
father sue h im self ) might be bene
ficial. 

Abou t 78 percen t of the county 
a ttorneys ag reed that it wo uld be 
difficult to obtain a conviction from 
the farm community . Some denied 
that the farmers were any more dif
ficult on the matter than city folk. 
Some fe lt that there ought to be a 
difficulty : this was n 't negligence, an y
w ay . Most, howev er , felt that people 
wo uld sym path ize with the father in 
his loss; they would r ecognize that 
they, too, had been in the past equal
ly n egli gent , though more lucky. A 
consensus was that the father was 
sufficiently pun ished and no further 
good would com e from invoking the 
law . 

In connection w ith th is question. it 
was interesting to see that many of 
the count y attorneys did not go only 
by the wording of the law. Other 
things w ere im portant to them, in 
making up thei r minds. Some looked 
at the case through the eyes of the 
community, and ot hers through the 
eye s of the family . The relation of the 
father to his son, and to the communi
ty at large, were thin gs considered 
by se veral of these attorneys. 

Twenty-eigh t percent of them fe lt 
that , had they prosecuted a farmer 
for negligence in a case like this, their 
opposition would benefit . One said 
that, had he tried a case like this, he 
ought not b e returned to office: "Only 
a scoundrel wou ld try a father in the 
death of his son." The remaining 72 
percent agreed that there would be 
no help to the opposi tion: The public 
knows that the a ttorney must sup
port the laws as he sees them, and 
he ought not to be punished for doing 
his duty. Several pointed out that it 
did not make any difference if the 
opposition would benefit: if so, the 
coun ty attorney was still duty bound 
to protect the interests of society, re
ga rdless of his own political fortunes. 

The attorneys were far from un ani
mous in the judgment of the ade
qu acy of the laws on negligence and 
manslaughter. Thirty-nine pe rcent 
felt th at the laws were inadequate. 
Consensus obtained on the two points: 

The laws were written before the ad
vent of mechanized farming, and 
ought to be brought u p to date. Others 
fe lt that the unemancipated minor 
ou ght to be given the right to sue his 
parent fo r civil damages. Some who 
fe lt that the laws were adequate 
added that they though the laws 
were probably adequate but that a 
study of them ought to be made. 

Those who felt that the laws were 
adequate often voiced the opinion 
that the real difficulty resides in the 
att it udes of the rural communities 
which result in accidents to young
st ers. "So many farmers," w rote on e 
attorney, " let their children do just 
such foolish things. And the child 
cannot po ssibly anticipate the dan
ger ." "Too often," commented an
other , "farmers seem to compete with 
each other to see how young th eir 
boys can be and do a day's work with 
a tractor. These boys have neither 
the judgment nor the strength to 
handle such equipment." 
, Thus it is no surprise t hat 72 per
cent agreed that the farm accident 
was indeed a problem for concerted 
action. While they often denied that 
the State must protect the farmer 
from h imself (through the us e of laws 
on negligence), they felt that continu
ous educational programs were cer
tainly required . 

"ENTEROTOXEMIA"� 
(Continued from page 20)� 

though not fed excessively.� 

2. The organism, Clostridium per
[rinqens, responsible for producing 
the toxins in the digestive tract is 
widely distributed in nature. It is 
found in the soil and bedding, and it 
exists in the digestive tracts of ap
parently normal animals. To destroy 
the organ ism is a lm ost an impossible 
task. However, several procedures a re 
helpful. 

• Strict sanitation-such as peri
odic cleaning and disinfection of calf 
pens-is desirable. This reduces the 
r esidu al contamination and exposure 
to infection and, therefore, reduces 
disea se loss. 

• Vaccinat ion with specific vac
cines have proven to be effective in 
some cases to prevent the di sease. 
Work at the University of Minnesota 
is being done on this aspect. More 
information is needed before specific 

Despite the general support which 
adheres to suggestions of "educat ion
al programs," cer t a in difficulties exist 
which work against real educational 
progress . Death and inj ury are un
popular subjects of conve rsation . We 
hate to be reminded of suffering. We 
do not wish to see the farm accident 
in its naked brutality-and ofte n 
resting on stupid, ill-considered, hasty 
action. 

It has been estimated that a farm 
boy who dies at the age of 12 has lost 
some 50 years of productive activity . 
Was the sm all gain in his doing the 
task (if not a fat ality) sufficient to 
warrant risking that much loss? Con
sider the amount of savings, both 
econom ic and emotional, if just one 
life could be spared. 

We really know little about the 
causes of accidents. True, we know 
that a tractor tipping over on a per
son is likely to kill him, or at least 
re sult in ser ious injury. It would be 
an easy task to sh ow the angle at 
which a tractor must tip over. It is 
much more difficult to determine why 
the person takes the chance he does . 
This is largely a matter of the cul
tural and personal components of the 
situ at ion . While w e do not know the 
answers, the rural sociologists at the 
Experiment Station are trying to ob
ta in them. 

recommendations can be made on this 
procedure. 

• Treatment is not usually effec
tive since the di sease is so rapidly 
fat al. Some cas es can be saved by 
prompt veterinary attention . Anti
biotics, sp ecific antitoxin, and sup
portive th era py are succ essful in 
some cases if diagnosed early . 

Other Diseases Also Cause 
"Sudden Death" 

Diagnosis is an ex t remely impor
tant part of disease prevention and 
con trol. This, of cou rse, applies to 
disease in general. But it is particu
larly important in the case of entero
tox em ia, becau se many other diseases 
can cause sudden death in calves or 
adult cattle. 

Some of the other more common 
di seases in which sudden death may 
be a manifestation are anthrax, black
leg, vitamin E deficiency, vitamin A 
deficiency, pulmonary emphysema. 
lightning, and heart disease. 
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New garden CltrusantltelHlIlHs for 1957� 
R. A. PHILLIPS and R. E. WIDMER 

THE MINNESOTA Agricultur al Ex
periment Station has announced 

th ree new garden chrysanthemums 
for 1957 developed by the Horticul
ture Department. Two of these, Minn
pin k and Minnbronze, are low grow
ing, cushion types which were de
veloped to meet the increasing de
mand for low-growing, ornamental 
plan ts. The third, Golden Fantasy, 
has an entirely new type of flower 
which has not been seen before in 
chrysanthemums. 

Minnbronze, because of its ex
t r em ely low growth habit, should be 
grown only on the front edge of 
flower borders. Minnpink may be 
used as an edging plant or near the 
front of the flower border. Both varie
t ies m ay be planted in front of shrubs 
in foundation plantings and used in 
planter or window boxes. 

The prefix Minn is being used to 
designate garden chrysanthemums of 
low grow th habit introduced by the 
Univer sity of Minnesota. It is antici
pated that additional colors will be 
deve loped in t he cushion series, and 
that the future introductions will also 
be given a name beginning with the 
pre fix Minn. 

The new cushion variet ies possess 
m any of the favorable characteristics 
of other University of Minnesota 
varieties, such as earliness of bloom 
and ability to withstand unfavorable 
weather cond iti ons, making them 
well adapted to growing conditions in 
the upper midwest. 

Fantasy is a term the University 
has assigned to a new type of ga rden 
chrysanthemum flower. The Fantasy
type flower has tubular pet als which 
are both flared and forked at the tips 
giving it a unique fringed effect. 

Golden Fantasy is a sturdy plant of 
medium height. It should be used in 
the mid-section of the flower border 
or as a feature plant because of its 
bright golden color. It is especially 
distinctive because of the very un
usual shape of it s petals. The bloom 
of this plant will be most useful in 
floral arrangements where its inter
esting and decidedly distinctive petal 

R. A. Ph ill ips and R. E. Widmer are both 
assistant professors, Department of Horticulture. 
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Golden Fantasy-A new type 01 garden chrysanthemum. 

formation will be closely observed . 
A brief description of these new 

varieties follows. 

Minnpink 
IMinn. No. 53·217.1) 

Minnpink is a low, wide spreading, 
cushion type garden chrysanthemum. 
The vigorous plant reaches a width 
of 2 feet or more and a height of 
12 inches when grown in full sun. 
The clean fine textured foliage on 
sturdy stems combine to make an 
attractive plant throughout the grow
in g season. Foliage is completely hid
den by the mass of double rose pink 
blooms which average 1~ to 2 inches 
in diameter. Blossoming begins about 
mid-August, reaches a peak in Sep
tember , and continues until hard 
frost. 

Minnpink originated from a cross 
of Bronze Azaleamum and a seedling 
obtained from the Bristol Nursery in 
Bristol, Connecticut. 

Minnbronze 
(Minn. No. 52·31.3) 

Minnbronze is a very low compact 
cushion type plant having vivid 
bronze blooms. Plant height is ap

proximately 9-12 inches and spread 
is 12-16 inches. The abundant, double 
flowers are 1~ inches in diameter. 
Blossoming period starts about mid
September and continues until killing 
frost. Foliage is fine textured ; stems 
sturdy. 

Minnbronze resulted from a cross 
of Minnesota selection 45-188-66 and 
Dean Kay. Minnesota selection 45
188-66 originated from a series of 
crosses of Minnesota numbered varie
ties which included t he variety Red
hawk. 

Golden Fantasy 
(Minn. No. 49-9.1) 

Golden Fantasy is a very sturdy 
upright plant approximately 18 
inches high and 15 t o 18 inches wide. 
The clean rich green foliage is topped 
by 2 inch, double, golden yellow 
flowers. It has tubular petals which 
are both flared and forked at the tips 
giving a unique fringed effect. Blos
soming starts in early September and 
continues until killing frost. 

Golden Fantasy or iginated from a 
cross between Costello and Minn. 
Selection 45-9-25. The parents of 
Minn. Selection 45-9-25 were White 
Thread and Sunred. 
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Atomic Science Aids Agficultufal 
J(esenfcH 

RESEARCH WORKERS in agriculture are putting to 
good use some new tools given them by the atomic 

scientists. For example, certain chemicals can be made 
radioactive to precisely known degrees. Introduce such 
a "t agged" chemical into soils, plants or animals, and 
(since the exact amount of radiation it will give off is 
known) its m ovement can be traced with gre at accu
racy by m eans of the Geig er counter. 

In another technique, the seed of a grain, fruit or 
vegetable is it self "irradiated"- exposed to controlled 
dosages of radiation-to deliberately disturb the in
herited characteristics of the plant ce lls. The result 
may be "mutations" with valuable ch aracteristi cs that 
can be preserved when crossed with normal stra ins . . Crossing plants from irradiated seed with normal strains 

Here are a few of the ways in which t he University produces asparagus (right ) which does not go to seed . 
of Minnesota's Agricultural Experiment Station is 
making use of such "atomic" research techniques. 

• In som e animal diseases, a "t ag ged" chemical that 
will combine with the infecting poi sons can be inj ected 
-and the development and movement of the poisons 
in the animal' s body traced by Geiger counter. With 
such knowledge, Veterinary sci en tists can develop 
more effective treatment for the di seas e. 

• The action of a "tagged" chemical spray on a weed 
can be traced the same way, sh owing which her bic id es 
will work m ost effectively on it. Or "t agge d" phos
phorus can tell the soil sci entist how much of that 
element is actually used by crop plants, or w ashed 
away and lost, so that more economical formulations of 
commercial fertilizer can be developed. 

• "I r radiated" wheat seed has already produced 
mutated plant s greatly resistant to r usts; cro ssing those 
plants with other plants of a standard strain can result 
in new, vigorous rust-resistant varieties. By a similar 
procedure in research with vegetables, asparagus has Using prepared samples of "togged" phosphorus or iron, the 
been produced which does not go to seed. soil scientist can trace their movement in the soil to learn how 

The atomic age holds great promi se for ag riculture. much is actually token up by crop plants. 

Wheat from irradiated seed has a rust-resistance that plant Veterinary scientists inject "togged" chemica ls and study the 
geneticists can breed into regular varieties. effect to learn more about certa in cnirnnl diseases. 


