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Stepping Up Rotation PASTURE Yields
 
A.C.ARNY 

IN MINNESOTA, about 2 million acres 
of tillable farmland are devoted to ro
tation pasture. Investigations recently 
completed a t University Farm and the 
branch stations at Was eca, Morris, and 
Crookston, show ho w to obtain the 
highest yi elds from these acres in 1944 
and future years. Particularly striking 
were the differ ences found in yields 
when pastures were grazed at varying 
heights-differences averaging 30 to 50 
per cent. 

The work was planned to test the re
lative values of different legume-grass 
mixtures and the effect of different 
heights of grazing on yields. The dif
ferent legume-grass mixtures-six at 
University Farm, five each at Waseca 
and Morris, and four at Crookston
were sown in triplicate plo ts laid out 

in long str ips and cross fenced to make 
four pastures a t University Farm and 
three at each of the other sta tions. On e 
of these pastures was grazed as oft en 
as the growth reached an average of 
4 inches, a second at the 8-inch aver
age , and the third at the average height 
of 12 inches. At University Farm the 
fourth pasture was grazed at the early
hay stage. 

When the plants on the 4-inch pas
ture reached that height, the growth 
on six square-yard areas was removed 
for yield de terminations and protein 
analyses. Th en the animals were turned 
in, kept th ere until the growth was well 
grazed down, and then removed. The 
areas grazed at the other heights we re 
handled similarly. At University Farm 
only, cages were set over the harveste d 
areas to determine the growth made 
during the grazing periods which 
varied from a week to 10 days. 

An Olmsted County pasture of second-qrowth 0110110 in early September on farm of P. S. Hair. 
Grazing at this height. 8 to 12 inches. gives the happy combination of easy pickings for 
the cows plus high yield and quality of forage. 
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Results obtained in one of the trials 
at University Farm are given in table 
1 to show how, over a 4-year period, 
grazing at different heights affected 
the yields. 

The first year, the yield from the 4
inch grazing was only from 13 to 26 per 
cent lower than from the more lenient 

Table 1. Yields of pasturaqe on a 15 per cent
 
moisture basis from qrazinq lequme.qrass
 

mixtures at different heiqhts or
 
staqes of development
 

Height 
or 

Tons per acre Average 

Staqe 1939 1940 1941 1942 Tons Per cent 

4·inc h ......." ... 2.27 1.11 0.88 2.46 1.68 100 
8-inch 2.86 1.43 1.77 3.10 2.29 136 
12-inch 2.62 2.35 2.90 3.99 2.97 177 
Early ha y 2.56 2.05 2.40 4.59 2.90 173 
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Pasture Produces Feed at Very Low Cost 
Measured in terms of total digestible nutrients, permanent and rotation pastures 

produce feed at costs averaging 41 cents per hundred pounds as compared with an 
average of 88 cents for four harvested crops. Yields given in this table are averages 
for 5 to 8 years on good land with a rental value of $5 per acre. Because pasture crops 
are harvested by livestock, labor requirements average only about 2 hours per acre 
as compared to 12.9 hours for the harvested crops. 

Kind 01 crop 

Kentucky blue-white 
Sweet clover 
Red clover-timothy 
Alfa lfa ·qrass mixtures 

A VERA GE .._._...... 

Av erage yi elds Hours 
per ac re Product ion man 

cost pe r cwt. labor 
Tons Pounds T.D.N.' required 

or bu. T.D.N. per acre 

Permanent and rotation pasture crops 

clover . 1.2 Ions 1.469 $0.44 2.0 
, . 2.0 2.448 .35 2.0 

. 1.6 1,958 .49 2.0 
. 2.3 2,815 .35 2.0 

2,173 .41 2.0 

Supplementary pasture crops 

Second crop led clover-timothy 
Second crop allalla·grass 
Sudan gr ass __ . 

A VERAGE '" _ 

Com 

. 0.6 Ions 734 $0 .48 2.0 
0.8 979 .38 2.0 
1.5 1,836 .62 4.5 

. 1,183 .49 2.8 

Harvested crops 

_ _............ 50 bu. 2,212 $0 .77 10.6 
Dais 50 1,144 1.33 8.0 
Corn silage _ _ _... 8 tons 2,784 .79 17.0 
Allalla·grass ha y ... 2.5 2,515 .64 16.0 

AVERAGE 2,164 $0.88 12.9 

• Cost of production data supplied by Division of Agricultural Economics, Uni versity of 
Minneso ta , 

grazings. However, the effect of graz
ing a t the 4-inch stage in 1939 influ
enced very materially the yields ob 
tained in 1940 and the following years. 
In 1940 and 1941, the yields from the 
4-inch grazing were less th an one half 
and on e third, r espectively, of th e 
yi elds obta ined from the 12-inch graz
ing. In 1942, an exc eptional season, th e 
4-inch grazing yi elded 62 per cent low
er than the 12-inch. Grazing at th e 
early-hay stage, twice per season, gave 
yields, after waste had been deducted , 
similar to those ob ta ine d from the 12
inch grazing. 

Average yields fro m the frequen cy 
of-graz ing determinations at the di f
ferent loc ations are shown in table 2. 

Table 2. Three.year averaqe yields of pos
turage on a 15 per cent moisture basis 

from qrazinq lequme·qrass mixtures 
rotationally at various heiqhls 

Tons per acre Averag e 

Height at 
grazing, 
inches 

II 
~ 
~ 

~ 

tl u 
m.. 
a 
~ 
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<=
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1ii... 
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8 
.. 
<=
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;; 
m 
u.. 
m 

'" 
4 1.42 1.98 1.68 1.37 1.61 100 
8 2.02 2.55 2.48 1.35 2.10 130 

12 2.62 3.08 2.37 1.50 2.39 148 

At University Farm, the 8-inch graz
ing resulted in 42 per cent and the 12
inch r esulted in 85 per cent increas ed 
yield over the 4-inch grazing. At 
Waseca , these increases were 29 and 
56 per cen t, r espectively. At Morris, 
gr azing at 8 inches resulted in an in
cr ease of 48 per cent over the 4-inch 
grazing. The 12-inch grazing yielded 
slightl y lowe r than the 8-inch. At 
Cro okston, the 8-inch grazing yielded 
slightly less than the 4-inch, and the 
12-inch grazing yi elded only 9.5 per 
cent higher than th e 4-inch. Why the 
results obtained at Crookston are so 
d ifferent from those ob ta ine d at the 
other loca ti ons cannot be explained. 

The average crude protein percent
ages of the pasturage at the four loca
tions were 20.9 for the 4-inch, 18.8 for 
th e 8-inch, and 16.8 for the 12-inch 
grazings. Howev er, the higher yi elds of 
pasturage ob taine d from the 8- and 12
inch grazings resulted also in h igher 
acre yi elds of crude protein. This is 
shown in table 3. 

At University Farm, the gains for the 
8- and 12-inch grazings over the 4-inch 
were 58 an d 55 per cent, respectively. 
Gains for the 8- and 12-inch grazings 
of 13 and 26 per cent, respectively, over 
the 4-inch were obtained at Waseca. 

At Morns, the gains for th e 8- and 12
inch over the 4-inch grazing were 40 
and 16 per cent. At Crookston , abou t 
10 per cent lower yi elds of crude pro
tein were obtained from th e m ore len i
en t grazings, The average ga ins wer e 
26 and 23 per cent for th e 8- and 12
inch grazings over the 4-inch. These 
were substantial increases. 

Legume.grass Mixtures Studied 

Grazed at the 4-inch height, all th e 
mi xtures we re lo w and similar in yi eld. 
Although a con siderable number of al
fa lfa plants, an averag e of 23 pla nts 
per square yard, lived throughout the 
3-year period, they were so weaken ed 
by th e seve re treatment that they did 
not produce much growth. When grazed 
a t th e 8- and 12-inch h eights, av erages 
of 28 and 39 strong, v igoro us plants per 
square yard remained at the clos e of 
th e third seaso n. Under these more leni
ent graz ings, the alfalfa-grass mixtures 
y ielded significantly higher than th e 
r ed clover-grass and th e sweet clover
grass mixtures. Had ther e been fr esh 
stands of r ed clover- and sweet clov er
grass m ixtures for yi eld determinations 
each of the 3 years, the differences in 
favor of the alfalfa-grass m ixtures 
would not have been so great. 

At University Farm and Waseca, 
legume-timothy mixtures yi elded as 
high as legurne-brom e grass mixtures. 
In the western part of the sta te, good 
legume-tim othy stands were not ob
tained and legume-brorne grass mix
tures prov ed best. 

Results from these grazing trials 
point the way on a large majority of 
farms to obtain increased yi elds from 
rotation pastures of from 30 to 50 per 
cent or more by letting the growth 
r each 8 to 12 inches each time before 
turning the livestock in. 

One way of doing this is to divide up 
each large rota ti on pasture into four or 
five smaller areas by m eans of electr ic 
fence. Each area may then be grazed 
and rested in turn until a new growth 
of the desired height has been made. 
Another way is to graze the growth in 
rotation pastures no closer than 5 to 6 
inches at any time during the se ason . 

Table 3. Three-year averaqe yields of crude� 
protein obtained from qrazinq lequme.� 

qrass mixiures at three� 
different heiqhts 

Pounds per a cre 

Height a t 0
<= 

grazing, E u
tl 1ii 
m ...inches ~ .. 0 

~ ~ ::;J U 
~ tl 'S 

0 0 

4 522 709 598 453 
8 822 803 836 414 

12 808 893 692 408 

Average 

.. ;;
'0 m 

" 0

c 
m" " 

'" '" 
571 100 
719 126 
700 123 
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STILBESTROL Helps Solve Sterility� 
w. E. PETERSEN AND W. L. BOYD 

Cows THAT HAVE never had a 
calf-yes, ev en bulls and steers-may 
be made to give milk. Fantastic as it 
may seem, those very facts have be en 
accomplished in experiments a t Uni
versity Farm by the use of a new drug 
known as diethylstilbest rol-stilbestrol, 
for short. This ne w drug has several 
ot her possible uses. It is beneficial in 
the treatment of certain cases of st er
ility, in the ex pu lsion of retained 
placentas and mummified fetuses, and 
in the tr eatment of various uterine dis
ease d conditions . 

Use Still Experimental 

Befor e goin g further it sh ould be em 
phasized that th e use of this drug is 
still in the ex pe r imental stages. While 
a number of ster ile he ife rs and older 
nonbreeder cows have been brought 
into satisfactor y milk production, there 
are others that have not r esponde d 
satisfactorily . Work is now in progress 
to find out why there is failure in some 
cases and how to overcome it . It is 
hopeful that in th e future sterile 
heifers and cows m ay be brought into 
full milk production and even a fair 
proportion of them may be restored to 
a breeding condition. 

Diethylstilbestrol is a synthetic drug 
that has the same action as th e female 
sex hormone known as es tr ogen. It can
not be called a hormon e since it differs 
chemically from the natural hormone 
and, besides, a hormone is secret ed by 
a gland. Stilbestrol is also a drug that 
must be used only by or under the 
direction of a veterinarian or physician. 
It is administered by first dissolving it 
in oil and then injecting the solution 
under the skin. Other routes of ad
m inistration may be effecti ve , particu
larly giving it by way of mouth, but 
this remains to be determined. 

Th e action of the drug is most strik
ing in its effect upon the udder. For this 
purpose injection of 20 to 40 milligrams 
dissolved in oil three times a week 
until the udder is fairly well dev eloped 
and filled with milk seems to be the 
best procedure. The dose should be 
graded according to size and weight, 
th e amou nts given be ing for 700-pound 
and 1,200-pound anim als, r espectively. 

Th e effect of inj ection of stilbestrol 
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upon udder dev elopment and milk 
secretion has been studied in calves 
and heifers of all ag es, nonbreeding 
heifers and cows not in milk, freemar
tins, milking cows, bull s, and on e steer. 
In all cases there has been udder de
velopment and milk secret ion , though 
th e degree of response has 'var ied 
greatly. 

The r esponse has been the greatest 
in two-year-old nonbreeder heifers 
where, in the great majority of cases, 
the udder has developed to about the 
size expected foll owing a normal calv
ing and th e level of milk production 
ha s been equally satisfactory. Pictures 
are shown of one such heifer when 
the treatment started, th ree weeks 
later, and when the ud der was fully 
dev eloped. This he ife r was milked for 
305 days and the n dried off. She was 
milked twice daily and given ordinary 
care. During this time she produced 
3,560.7 pounds milk and 220.6 pounds 
of fat. Another similar heifer w as 
milked for one year du r ing which time 
she produced 4,120.9 pounds milk and 
251.4 pounds of fat. A number of prac
ticing veterinarians have cooperated on 
this proj ect. Reports from the m are far 
fr om complete. In two cases, at least, 
nonbreeding two-year-old heifers 

brought into m ilk by th e stilbestr ol 
treatment have produced more m ilk 
and fat than th eir sisters produced fol
lowing no rm al calving. In a few cases 
the results have be en disappointing. 

Attempts at bringing old er, dry non
breeding cows into milk have been 
tr ied at University Farm in five in
sta nces. While some udder develop
ment and milk producti on was ob tain 
ed, in no case was either equa l to what 
would be expected following a normal 
calving. Veterinarians for the most 
part hav e had similar exper iences , but 
occasionally very sat isf actory results 
have been ob tained. One mature Jersey 
for four consecutive months has pro
duced over 50 pounds of bu tterfat per 
month. 

In ca lves, the amount of udder de
ve lopment and milk secretion obtained 
from th e treatment is small . As a rule 
the dev elopment does not take place 
in all quarters. As the age of the 
treated heifers in creases there is in
creased ud der development and milk 
secretion and the effect upon the quar 
ters becom es more uniform. 

In the freemartin (a heifer twinned 
with a bull) the results of treatment 
ha ve proven disappointing. Three such 
animals have been studied and in no 

Injections with stilbestrol brought this sterile Jersey heifer into milk without calving. In 305 
days she produced 220 pounds 01 lot. Left to right- -heifer at start 01 treatment, 3 weeks 
later. and 3 months later. 
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case was the udder development more 
than a fr action of that obtained in th e 
normal. As in younger normal heifers, 
the differe nt quarters wer e unevenly 
affected. 

The treatment of the bull and st eer 
proved interest ing. Inject ions in both 
were continued over a period of five 
months. In both, there was a sm all de
velopme nt of the mammary gland and 
a few cc. of milk could be obta ined 
daily. The milk was norm al in appear
ance and composit ion. As stilbe stro l 
has the properties of the fem al e sex 
horm one, the effect upon the tempera
m en t of the st eer was of interest. At 
the beginning of the exper imen t he w as 
docile and easy to ha ndle . After sev 
er al months of inj ecti ons he became 
more pugnacious. Another effe ct of the 
treatment was a decid ed r ise in the 
tail hcad as may be not ed in th e illu
strations. This is a charact erist ic ob
ser ved in nonbreeder cows with ch ro ni c 
cystic ovaries. 

In the bull , th e treatments tended to 
make him more feminine in appear
ance. There was no noticeable cha nge 
in t emperament, but after several 
months of in jection he be came ster ile. 
The sterility effects were on ly t em 
porary as within two months after th e 
trea tmen t had st opped he w as r estor ed 
to a fertile condition. Th e m asculine 
cha r act er ist ics a lso developed again 
aft er treatment was stopped, 

Steer trea ted with stilbestrol. Top- beginning 
of treatment ; bollom-after 5 months. Note 
the ra ised tail head. 

It is st ill too ear ly to make posit ive 
st atem ents about uses of stilbest rol in 
the treatment of ab no rm al conditions 
th at occur in cattle. The evidence ob 
tained to date indicates that its use is 
prom ising in th e tr eatment of retained 

placentas, mummified fetuses , in fec
ti ons of th e uterus, and certain types 
of ste r ili ty . 

The fu ndam ental effects of stilbes trol 
up on the reproductive organs of th e 
fe male are such as to suppor t the ben e
ficial effec ts observe d in th e treatment 
of the af or ementioned conditions . One 
of the mo st prominent effe cts of stil
bestrol adm in istration is the develop
ment of a sta te of es trus (heat) . Breed 
ing at th is time is not indicated as th ere 
is no ovu latio n (escap e of egg ). As a 
rule a spon taneo us estr us appears 
wi th in one or two weeks following th e 
withdrawal of treatm ent. Th is estr us 
is accompanied by ovulat ion and breed
ing is indicated . Th e inhibitory effect 
of stilbestrol up on ovu lati on is th e rea
son that th e treatme nt may be helpful 
in those cases of ste r ili ty caused by a 
derangem ent of the hormonal syst em in 
the cow. Th e temporary prev ention of 
ovulation may give th e ovary th e 
needed rest for subse que nt normal 
fu nctioning. 

Stilbestro l stimulates growth of th e 
inner lining of the uterus with an in
cr eased blood supply . This and other 
effects upon th e uterus explains why 
its use help s in cle ari ng up infections 
an d ex pelli ng mummified fe tuses and 
re ta ine d pl acentas. Because of this 
fu ndamental effect of th e dr ug it will 
a lso cause abor tio n if administ ered in 
la rge doses to a pregnant anim al , es
pecially one in ear ly pregn ancy . 

Making More Pork from Less PROTEIN� 
E. F. FERRIN 

BECAUSE OF THE protein scarcit y, 
war time hog producers are asking how 
far they can go in reducing th e use of 
protein withou t too much sacrifice of 
gains or too much waste of other feeds. 
They want practical sugges tions for 
getting the most pork per pound of pro
tein availabl e. 

Protein ' is a nutrient that an im als 
ju st cannot do without. Every cell in 
the animal body must have nitrogen 
from the protein compounds to grow 
an d to keep alive. No other chemical 
element in feeds can be substituted for 
th is nitrogen so that the health and 
thrift of farm livestock, young animals 
especially, is to a large extent de
pendent upon th e protein supply. 

Th e quality of a protein depends on 
th e number of th e ess en ti al amino acids 
it contains and also on th e am ounts of 
nitrogen supplied by th ese compounds. 

Professor Ferrin gives Farm and Home 
Week visitors some pointers on what to 
look for in choosing bre eding stock. 

Essential am ino acids are n itrogen com 
pounds wh ich cannot be synthe sized in 
th e digestive tracts of animals and so 
must be present in the rations. Of th e 
to tal 22 amino acids, 10 are classed as 
essential. 

P igs and ch ick ens need a higher 
qu ality of nitrogen compounds in th eir 
rations than do cattle and sh eep which 
ha ve a paunch whe re bacteria and pro
tozoa con vert low-quality nitrogen com
pou nds into hi gh -quality n itrogen com
pounds. 

Th e present shor tage of high-protein 
feeds results from our having more 
livest ock to fee d than ev er befor e and 
fr om th e fac t th at m or e people would 
like to feed ra t ions hi ghe r in protein 
th an normal. Th e problems of hog and 
poultry feed ers have been increased by 
a shift in the proportions of animal and 
veget able protein feeds now on the 
m arket. Before P earl Harbor th ere was 
approximately one ton of animal-source 
protein fe eds for ea ch ton fr om vege-

MINNESOTA FARM AND HOME SCIENCE 



THREE RULES FOR CONSERVING PROTEIN 

~	 Use an imal-protein feeds sparingly for h ogs by combinin g th em 
with vegetable-protein feeds. 

~	 Use pasture crops to the fullest advantage by choosing only the 
best crops and getting the greatest possible value fr om them 
through good management. 

~ Hand-feed protein concentrate s or mix them with gr ound grains 
instead of feeding free-choice. 

t able sources. Now there is only about 
one ton to each 5 or 6 tons of vegetable 
proteins. The feeds of animal or igin 
like sk im milk , tankage, and fishmeal 
ha ve a higher quality of protein than 
linseed m eal , cot tonseed m eal, wheat 
middlings, and oth ers. Th e vegetable 
proteins which com e ne arest to replac
ing animal proteins are soybean oil 
meal and peanut m eal. There will be 
som e increase in these two fee ds in 
1944 but not enough to relieve th e pin ch 
of shortage. 

The su pply of anim al-pro tein feeds 
is so small that its use must be re
stricted to the periods of life of poul
try and pigs whe n the ne ed is most 
critical. For hogs th ese ti m es of great
est need are for pregnant and nursing 
sows and for gro wing pigs up to ab ou t 
70 pounds. 

Further eco nom y in th e us e of ani
mal-protein feeds for hogs can be ac
complished by mixing with ve getable 
proteins. Just as a few drops of ethyl 
flu id will impro ve a whole gallon of 
gasoline, so a few pounds of good 
animal-protein will incre ase the nutri
tive value of many pounds of poorer
quality vege table prot eins. Four pounds 
of animal prot ein to 96 pounds of vege
table proteins, if from sev eral sources, 
will make a mixture of reasonably 
good qu ality. Another way to econom ize 
in the use of protein for hogs has been 
demonstrated by the Minnesota and 
Indiana Experiment Stations. This is 
to feed a mixture of grains, especia lly 
wheat and corn, instead of corn alone. 

Good Pasture Saves Protein 

Th ere is no bett er way to reduce th e 
need for protein concen tra te s and save 
money than to get th e most use out of 
hog pastures. The championship for 
high-value pasture s goes to alfalfa or 
mixtures of alfalfa and grasses , especi
ally brom e grass. Som e peopl e he si 
ta te to pasture hogs on alfa lfa be
cause a part of th e seeding is killed 
out, but this seems small when it is 
realized that an acre of goo d ho g pas
ture saves ab ou t 1,000 pounds of grain 
and 500 pounds of protein concentrate. 
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Another fac tor in making th e best 
use of pasture is to see that th e hogs 
alw ays have fresh , green , tender plants 
to graze. Up to the time an alfalfa 
plant is 10 inch es tall it contains 5.5 
to 6 per cen t of protein ; after blo omi ng, 
only about 3 per cent. A simple way to 
take advan tage of this fac t is to fence 
the alfalfa pasture into two fields, al
ternately grazing and mowing th e al
falfa for hay. 

An oth er m eans for skimping on pro
tein feeds is to allow the ' pigs a little 
less protein than th e opti mum amounts 
wh ich will likely res ult in a slower 
rate of ga in and a little m ore feed to 
make 100 pounds of gain. P ossibilities 
wer e dem onstra ted at University Farm 
during th e summ er of 1943 with three 
grou ps of pigs fed in dry lo ts fr om 
July 8 to September 30. They were 
self -fed a m ix ture of gro und wheat, 
a lfalfa meal, and enoug h ta nkage and 

soybe an oil meal in equal parts to m ake 
three different lev els of protein. Each 
lot also received cod liver oil and a 
m in eral mixture. At the start, when 
the pigs averaged 73 pounds, Lot 1 re
ceived a hi gh level of protein, 20 per 
cent in th e mixed ration ; Lot 2, 17lh 
per cen t protein ; and Lot 3, 15 per cen t 
pr otein. As th e pigs in each lot reached 
125 pounds, th e protein percentages 
were lowered to 17lh per cent, 15 per 
cent, and 13.6 per cent, r esp ectively, 
th e latter lev el being furnished by the 
wh eat and alfalfa meal without ta nk
age or soybean oil m eal. The data con
densed fro m th e records of these three 
lo ts appears in the accompanying table. 

Th e pigs receiving the medium and 
low levels of protein ate la rger amo u nts 
of whe at, but saved en oug h tankage 
and soybe an oil m eal to bring th e costs 
of 100 pounds gain below that of the 
hi ghe r protein level by 27 cen ts and 
58 cents, r especti vely . Lot 1 a te 315 
pounds of whea t ; Lot 2, 344 pounds ; 
and Lot 3, 359 pounds for each 100 
pounds of ga in in weight. Th e total 
feeds for gains made were so nearly 
the same that it was practically a 
toss-up amo ng th e three lots. 

It should be no ted that th e rations 
used did not represent any wide ex
trem es in protein allowances. The hi gh 
pro tein lot r eceived little more than 
th e optimum lev el , and the low-pro te in 
ration did not handicap th e pigs badly 
in the amo un t of prot ein need ed for 
growth and thrift. 

Results of Using Three DiHerent Levels of Protein in� 
Rations for Growing Pigs� 

Average initial weight per pig, pounds ..............� 
Average final weight per pig, pounds� 
Average daily gain per pig. pounds .........................................� 
Average da ily ration per pig, pounds ...� 
Total feeds for 100 pounds gain, pounds� 
Feed cost for 100 pounds qnin";� 

Lot number and level of protein fed 

I 
High 

2 
Medium 

3 
Low 

73 73 73 
192 IS5 IS3 

1.42 1.33 1.31 
5.S1 5.53 5.40 

411. 415. 412. 
$S.20 $7.93 $7.62 

• Feed prices: Ground wheat, $1.11 per bu.; a lfalfa meal. $1.50 per cwt.; tankage, $3.85 per cwt. ; 
soybean oil me a l , $2.50 per cwt .; mineral mixtur e , $3.00 per cwt . 

These two pigs were typical of the high-prot e in and low-protein lots of the experiment dis
cussed. The low-protein pigs (a nima l at right) were a few pounds lighter and carried a 
trifle less finish. Pro tein levels us ed varied from 13.6 to 17 per cent. 
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Pick the Crops That� 
Yield MORE FEED� 

G. A.POND 

THE 1944 WAR FO OD production 
goa ls ca ll for su bstantial increases over 
the high lev el achieved in 1943. Most 
of the food produced on Minnesota 
farms is marketed as liv estock and live
stock products, so that to increase food 
production we must firs t increase feed 
production . Since there is little new 
land th at could be brought into cu lti
vation and a lack of machinery and 
man power to develop it if there were, 
we must secure this increas ed feed 
production largely fr om our present 
acres . The greatest oppo rtun ity for 
achi eving this lies in a more dis
cri mina t ing choice of crops. Table 1 
gives a basis for such a selection. 

Some of the common fe ed crops of 
the state are compared on the basis of 
the quant ity of total digestible nutri
ents and of digestible protein they pro
duc e with normal yields. Since oats is 
th e m ost widely grown feed cr op , it is 
us ed as a base with a rating of 100. 
These com parisons are shown for each 
type- of-farming area in the state (see 
map). For the state as a whole and in 
most type-of-farming areas, an acre of 
corn or alfalfa will produce as much 
digestible feed as 2 acres of small 
grain. Alfalfa has the additional ad
vantage that it produces three to five 
times as much digestible protein. 

Th e advantages of corn and alfalfa 
as feed crops are further emphasized 
by th e data in table 2, obtained from 

As a feed producer. corn 
far excels other grain 
crops in yields per a cre 
or per me n-hour. Alfalfa 
does even better. Se e 
Table 1. 

farm records in southeastern Minne
sota. With the average yields ob ta ine d 
on these farms, corn will produce 2,373 
pound s of dig estible feed per acre. A 
bushel of oats contains 22.24 pou nds of 
digestible feed . To produce as many 
pounds of digestible feed w ith oats as 
with corn wou ld require a yi eld of 107 
bushels (2,373 -;- 22.24) . Even the re
cently in tr oduced var ieties such as Vic
land, Tama, and Boone do not produce 
yields even appr oach ing 107 bush els on 
these farms. Cor n and alfalfa not only 
produce m ore feed per acre and per 

hour of man labor than the other feed 
crops, but they produce it at a much 
low er cost per hundred pounds. 

The opportunity for increasing feed 
production by incre asing th e proportion 
of land in corn and alfalfa is indicated 
in table 3. In th e first column is sho wn 
a cr opping system with th e distribution 
between oats, barley , corn , and hay 
subs tantia lly as they ha ve been for th e 
past 15 years on th ese farms. In pro
pos ed systems 1 and 2 corn and alfalfa 
ha ve be en increased at th e ex pense of 
oats and barley . Th e production of 
digestible feed is greatest under pro
posed system 1, but sligh tly m ore la bor 
would be r equired th an at present. 
If 8 acres of alfalfa we re pa stured as 
sugges ted under proposed sy st em 2, 
nearly as much feed would be pro
duced (assuming 75 per cent as much 
feed could be obtained from pasturing' 
as fr om hay) and th e labor w ould be 
better distributed through the season. 
Th e greatest number of hours r equired 
in any one w eek would be less than 
under th e present system. 

In spi te of the marked increase in 
feed production obtained by increas
in g th e proportion of land in corn and 
alfalfa, there are certain limitations to 
be con sid ered. Corn is gen er ally r ecog
nized as a soil - de plet ing crop. Soil 
specialists estimate that, in the more 
level areas, 50 per cent of the land in 
corn or othe r cultivated crop is about 
th e upper limit of saf ety fr om a soil 

Table 1. Comparisons between Crops in Production per 
Acre of Digestible Nutrients· 

Crop 
4 

Type-of·farminq areas 

9 
State 

average 

Ind ex of tota l d igestible nut rien t production pe r ac re (oa ts = 100) 

Oats� 
Spring wheat ...........................� 
Rye ... ....... .......................� 
Winter wheat� 
Barley� 
Corn ...... ........................ ..........................................� 
Alfalfa . ....................... .................. ................� 

100 100 100 100 100 100 100 100 100 100 
92 86 79 84 82 94 98 106 97 85 
97 96 92 96 98 106 III 101 107 95 

I II III 96 95 110 107 112 121 113 116 
121 125 121 127 128 131 134 135 135 125 
257 235 228 217 204 211 201 195 224 237 
324 342 287 277 335 259 222 249 388 284 

Index of digestib le pro tein per a cre (oats = 100) 

Oa ts ........... ... .............................. 100 100 100 100 100 100 100 100 100 100 
Spring wheat .................................... 55 52 48 51 49 56 60 63 58 51 
Rye .... ............. 61 60 57 59 61 66 61 62 57 58 
Winter wheat 66 66 57 58 66 65 60 73 68 69 
Barl ey .. 104 108 104 109 109 113 115 116 115 106 
Corn 128 118 114 108 101 105 100 98 111 117 
Alfalfa 446 471 397 383 461 357 308 344 532 389 

* Av erage yields. 1918·1942, e xce pt corn yi elds wh ich have been adjusted for use of hybrid 
varie tie s. 
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Table 2. 

Crop 

Corn .........................................................� 
Oats .. ..........................................................� 
Barley .......................................� 
Wheat, winter .................� 
Wh eat. spring ...� 
Rye� 
Alfalfa ...�

Comparative Crop Returns and Costs 

Yield 
per 

ocre * 

Poun ds 
T.D.N.t 

per 
acre 

Bushels 
or tons 

to e q ua l 
corn in 
T.D.N. 

Pounds 
T.D.N. 

per hour 
man 
labor 

Cost 
per 
100 
lbs. 

T.D.N. 

........ 52 bu. 2,373 221 $0.71 
43 bu. 956 107 127 1.58 
30 bu . 1,117 64 149 1.32 

...... 20 bu. 950 50 127 1.59 
17 bu. 808 50 108 1.84 
17 bu . 780 52 104 1.84 

hay ......................... ........................... 2.4 tons 2,472 2.3 225 .66 
Corn silage 8.3 tons 2.789 7.1 155 .81 

• Average yi e ld of ISO fa rms in South east Minn,:sota Farm Mcnoqement S e~vice . 1 9 28 -1~42 in
clusive. In computing the avera ge y ie ld of cern the yi elds for those years m Wh lC~ open-po llinoted 
seed was use d ha ve be en increa se d by 15 per ce nt to make them comparable With YIelds of, the 
more rec ent y ea rs w hen hybrid seed w as used . 

t Total digestible nutr ient s . Analysis of the se feeds was obtained from "Fee ding the Dairy
Herd ," Minn. Agr. Ext . Bu!. 218 (June 1941). 

Acres of crops� 
Oats . .� 
Barley .� 
Corn� 
Alfalfa hay ..� 
Alfalfa pasture ......� 

Total 

Pounds of T.D.N. ...� 
Hours of labor� 
T.D.N. per hour of labor� 
Cost pe r 100 ibs . of T.D.N.� 

conservation sta ndpoint . In the m or e 
ro lli ng areas, one third of th e land in 
corn would be a safe gene ral limit, and 
sp ecial soil-conserving practices such 
as� st r ip cropping and contour tillage 
should be used wher ever corn is 
planted on sloping land. In northern 
Minnesota, climat ic conditions limit 
corn production very definitely, a l
though some of the new shor t -s eason 
hybrids have pushed the limits of suc
cessfu l corn production northward. 

Alfalfa is not subje ct to climatic 
limitations, but in som e areas the low 
lime content of the soil limits it s 
adaptati on . To a conside r able ex te nt 
th is can be offset by the us e of ground 
limestone or marl prior to seeding. 
There is th e addition al limitation of 
ti me . It is too late now to seed alfalfa 
for harvest in 1944. For this year th e 
farmer must get along w ith th e seed
in gs previously establish ed . Ho wever , 
it is quite important that plans be 
made at on ce for new see dings this 
year. The dem and fo r more and better 
feed will continue in 1945 and beyond. 

A large increase in the acre age of 
corn and alfalfa will do more than 
any thing else to ste p up our feed pro
du ction in response to the wartime 
needs for li vestock and livestock prod-
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Cropping syst em 

Propo sed 

Pre sent No.1 No. 2 

35 10 10 
15 15 15 
33 50 50 
17 25 17 

8 

100 100 100 

170.548� 206,765 201,821 
917 1.000 928 
186 207 217 

$.93 $.79 $.77 

uct s. Ev en under normal conditions a 
subst antial increase of these crops 
would be desir able from the sta ndpoint 
of an incr ea sed quantity and quality of 
feed production at minimum cost. 
Alfalfa is also need ed fro m a soil con 
servation st andpoint. In the present 
emergency we are justified in expand
ing our corn acre age even mo re than 
would be desirable fr om a long-time 
soil conservation standpoint. Sub
stantial r eserves of plant food ha ve 
been built up in the soil in recent 
years, Now is the time to draw on 
them. We cannot , how ev er, afford to 
increase our corn acreage to the point 
of incurring serious soil losse s. De
pl eted reserves of pl ant food can be 
rest or ed , but lost soil cannot be re
pl aced . 

Th e stress given feed production in 
this ar t icle is not intended to imply 
that feeding crops should be raised to 
the ex clus ion of cash crops. Flax, soy
beans, hemp, vegetables for canning, 
and dry beans and peas are all vital 
war crops. They should be grown 
where adapted , at least up to the ex 
tent of the suggeste d quotas. The 
present article applies only to the se lec
ti on of crops on that portion of the 
farm used in raising feed for livestock. 

Hybrid Corn-Its 
Origin and Value 

(Conc lude d fr om P age 16) 

(AxC) (BxD), and (AxD) (BxC). The 
yi elding ability of each of the three 
double crosses is 'pred icted by aver 
aging the four possible single crosses 
that m easure th e combining abil ity of 
the inbred parents fr om one sin gle cross 
with th e inbreds of th e othe r . For (AxB) 
(CxD), th e method as illu strated in 
table 2 consists of av eraging th e yi elds 
and moisture content of the single 
crosses, AxC, AxD , BxC, BxD, The 
double cro ss that yi eld s th e best from 
the three that can be produced fr om 
each group of four inbreds is obtaine d 
by using as single-cr oss parents the two 
poss ible single crosses th at y iel d th e 
lowest out of th e six single crosses 
available. It is of interest that Jenkins, 
on� purely th eoretical genet ic analysis, 
thought the method the most logical of 
those that he suggested. 

At the time that the performance of 
Minhybrid 408 was predicted a rath er 
la rge number of other double crosses 
were predicted also. A good idea of 
their relative value in relation to hy
brids already available was obta ine d 
by growing Minhybrid 403, a we ll 
known double cross, w ith th e single 
crosses us ed in prediction. In th ese 
trials Minhybri d 403 yielded 66.8 
bushels w ith a m oisture content of 23.6 
per cent at husking, a much lower yi eld 
than that predicted for Minhybrid 408 
as� give n in table 2. From trials made 
in� 1942 and 1943, Minhybrid 408 has 
given further evidence of its desirabil
it y in the Southern zon e. 

Before r eleasing a new hybrid it is 
tested for at lea st three ye ars and th en 
if sufficiently de sirable is approved by 
th e Minnesota Agricultural Experiment 
Station. The predicted yi elds are ac
cepted in the place of actual yi elds for 
th e first year of double-cross test. 

SHARE YOUR COpy 
Limited printing funds m ak e it im 

possible to send a copy of Minnesota 
Farm and H ome Science to all who 
wou ld like to read it. Why not sh are 
your copy with interested friends and 
neighbors? 

If you have not already done so, 
you may wish to ask that your name 
be kept on the list for future issues 
which will appe ar about ev ery three 
months. To have your name placed on 
th e permanent list, address your re
qu est to Dean C. H. Bailey , University 
Farm, St. Paul 8, Minnesota. We'll also 
welcome your comments and criticisms 
of the magazine. 
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An extreme case of phosphorus deficiency. The phosphate trect Legumes do best on soil with a high level of mineral nutrients. 
ment on the right increased the yield of alfalfa 1.3 tons The alfalfa plot on the right was treated with 20 per cent 
per acre. superphosphate (Steele County). 

SOILUPKEEP in Wartime Farming� 
C. O. ROST AND P. M. BURSON 

I N TIME OF WAR the tempo of agr i
cultural production must be increased 
and the increase must be progressive 
fr om ye ar to year until the victory is 
won. Thus, the production goals for 
1942 exceeded those for 1941 and thos e 
for 1943 were larger still. The goa ls for 
1944 have been set even h igh er. The 
question is at onc e r aised, "C an we 
cont inue to in ten sify product ion w ith 
out doing irreparable harm to our 
land?" 

Although a declining soil fertility is 
an ever - pr esent problem, war t ime con
ditions m ake it ne ces sary to adhere 
more r igidly to a progr am of good soil 
managem en t in order that the rate of 
depletion may be red uced to a m ini
mum. The principles of such a pro
gram have long been practiced. These 
include (l ) a rotation of crops in which 
th ere is a proper distribution of soil
conserving an d soil - de pleti ng crops, 
(2) the r eturn of crop r esidues to the 
land, (3) t he conservation and applica
tion of animal manures produced on 
the farm, (4 ) the use of good cultural 
and erosion control practices, and (5 ) 
the application of lime and commerci al 
fer tilizers where their use h as been 
shown to be profitable. 

Good Crop Rotations 
Increase yields, Improve fert ility, Prevent erosion 

Continuous Corn 
YIELD 36.6 Bu. 

YIELD I ••••••••~~~
 
ACRES 74.6 A.� 

YIELD ••••••••••111� 
ACRES I:CL~~:LL:LL~~~:L...:LL:J
 

Black bars show how rotation of crops in
creases corn yields. while light bars emphc 
size how the acreage needed to produce 
3.000 bushels of corn decreases as yields 
go up. (Yields from Minn . Tech. BuI. 149.) 

It must be remembered at the outset 
that soil dep leti on is a gradual process 
and doe s not appear abruptly. Si gns of 
its approach are eviden t long before 
irreparable da m age has been done. 
These signs include slowly declining 
yields, deple tion of the organic matter 
of the soil, incre asing difficulty in ob
taining stands of legum es, soil wash 
in g or erosion, a poor physical con di
tio n of the soil, and respons e to lime 
and com mer cial fertili zers. Re cogn izing 
t hese signs and adopting measures to 
rem edy th e conditi ons and r est ore the 
producti vity of the land constitutes 
true soil conservation. 

H ow soon the first signs of declining 
soil fer ti li ty may appear is depen dent 
on a number of factors . On e of th e mo st 
important is the native or natural fer
tility w ith which the land w as origi
nally endowed . Fortunately this native 
fertility was r em arkably high in a 
large part of our Minnesota soil s. Under 
natural conditions th ere w as a tr ul y 
conserving environment. All nutrients 
removed we re returned again to the 
soil in the residue of dead plants and 
the dec aying r emains maintained or
ga nic matter at a high level. When the 
natural balance was disturbed by th e 
production of agricultural cr ops, we 
passed from a conserving situation to 
a depleting one. We began at that time 
to draw on our account in the State 
Bank of Soil Fertility and deposits 
have never qu it e equalled withdrawals. 

No cropping system, re ga rdless of how 
good , will, in itself, completely main
tain the fert ili ty balance of the land. 
Moreover, the more efficient the farmer 
is in maintaining high production the 
m ore rapidly will fertility leave his 
farm . All crops , livestock, and live
stock products sold from the farm re
mov e fe r t ili ty and the greater the 
volum e of these products the more 
rap id will be th e removal. An indica
ti on of the really tremendous amounts 
of plant food r emoved in cash crops is 
seen when we consider the withdr awals 

Effect of fertilizer on corn in southwestern 
Minnesota in 1942. 

made by wheat, flax , and potatoes in 
1942 for the state of Minnesota. Were 
the fertility rem oved by these three 
crops to be repurch ased in the form of 
commercial fertilizer in tonnages of 
sulphate of ammo nia (n itro gen), 20 
per cent superphosphate (phosphorus) 
and 50 per cent muriate of potash 
(potassium) , a total of 324,000 to ns 
would be r equired. While this may 
seem large, the total would be greatly 
increased if we added th e fertility re 
moved and sold in othe r market grains, 
and in beef, pork, mutton, poult ry 
products, and market milk. It would be 
no exaggeration to say that th e equ iva
lent of at least a half million tons of 
com mercial fertilizer are rem oved from 
Minnesota farms each ye ar in cash 
crops, livestock, and livest ock products. 
In 1943 the farmers of Minnesota pur 
chased approximately 59,000 tons of 
commercial fertilizer or appro x im ate ly 
10 per cent of the nutrients sold fro m 
our farms. 

Althou gh our olde st fields have be en 
farmed for scarc ely 100 years, signs of 
declining soil fertility are already much 
in evidence. Proof is found in th e re
sults of many fertilizer trials conducted 
by the Division of Soils. As long as 25 
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z Barnyard manure is the m ost com
WHOOPS'

;:; 80 mon and lea st appreciated fertilizin g •Goin9f)ow/1 
__ /OJ'C -<; material available. Besides organic

~ - matter it contains both nitrogen an d 
:::E 70 mineral plant nutrients, one ton being 
~ 
Z equivalent to 100 pounds of a 10-5-10 
-c fertilizer. About three-fourths of the 
~ 6 0 J ' · · · · · ·, ·· · · · 
o plant nutrients fed to livestock m ay be 
u.. recovered in the manure and r eturnedo 

to the land if the manure is properly
~ 50 

st ored and handled . If improperlyU 
handled, heating and leaching will re"" ~ 40 move most of the soluble material. 

Proper cultivation is a ver y im
portant factor in efficient cr op produc
ti on . While it serves many useful pur

10 20 pos es on ly two need to be mentioned
YEARS OF 

here. The importance of the prepara
After 60 years of cultivation. the total organic matter 01 our Minnesota soils has been red~ced tion of a good seedbed cannot be overabout 42 per cent. Further decreases will limit crop production . The problem ~I mam:e

nance lies in the selection 01 adaptable crop rotations and the use 01 proper SOli lerhhty est im ate d . It will insure be tter stands 
and management practices. not on ly of legumes and grasses but of 

other cr ops as well. It is good insurance 
against the failure of the legumes so 

years ag o, application s of phosphate h as been fa rmed. Th is would mean essential to the success of our livestock 
fertilizers produced definite increases that th e organic m atter content of ou r program. A second important functi on 
in yield. At that time little or no in soils has been decreased by approxi of cu ltivation is to control weeds and 
crease was obtained with potash fer m ately 42 per cent in the first 60 years ther eby eliminate their competition 
til izers. In 1943 many fie lds showed of cultivation . It is im possible to m ain  w ith crops for available moisture and 
distinctly gre a ter increases in yi eld tain organic matter at the level ex ist  nutrients . 
from m ixtures of phosphate and potash ing in the virgin state but enti rely pos There is an opportunity th en for the 
than fr om phosphate only. This indi sible to maintain a level adequate to farmers of Min nesota to reduce the im
cates our reser ves of potash, as well as keep the soil in good tilth , reduce its pact of the inten sive production of war
phosphate, are gradually being reduced suscepti bili ty to er osion , and m aintain t ime on the fertility of their fields. A 
and it is now time to look to measures a r elat ively high level of nitr ogen for program for this would include : 
which will m aintain these m iner al cr op production. I) Maintain a good rotation includingnutr ients at levels whi ch will insure a Th e organic matter suppl y of the soil 

an inoculated legume and other susta ined h igh level of production . r ests in the hands of the farm er . Any 
There is no way of replacing phosphate system of fa rming which induces a crops adapted to soil conditions. 
and potash other than to repurchase steadily decreasing su pply of soil or This will increase organic m atter 
th em in the form of commercial fer ganic matter will not contin uously and nitrogen in th e soil and reduce 
til izer. maintain maximum yi elds. A system erosion. 

Any consider ati on of m ineral nutr i which w ill m aintain the organic mat t> Conserve and use barnyard ma
en ts should include lime as well as ter of the soil calls for (l) a rotation nure and cro p residues.phosphate and potash. For tunately a of crops which includes th e growing 
large proportion of Minnesota soils ar e of an inoculate d legume, (2) the r e ~ Use commercial fe r t ilizers to th e 
well supplied with lim e. In some sec turn to the land of crop r esidues, and limit of the supply available. 
tions the soils are acid and lime is (3) the conse rvation and application ~ Continue to use lime, where need
now essential to the success ful grow of th e manure produced on the farm. ed, for th e growing of alfalfa and 
ing of alfalfa and sweet clover. Soil Good crop rotations are based on the sweet clover. 
tests for acidity will indicate the need princip le that there should be a bal I) Improve cultural practices es for lime for th ese cr ops. In general, it ance between soil-depleting crops (corn, 

pecially as these relate to seedbedm ay be said that th e soils of t he west potatoes, etc. ) and soil-conserving� 
ern half of the state will need lime crops (l egumes and grass mixtures ) preparation and control of we eds.� 

only in exceptional cases. In th e east  accor din g to the characteristics of the ~ Use sim ple erosion control prac�
ern part its use should be based on soil (typ e, slope, and degree of ero tices such as grass ed waterways� 
soil tests. sion ) . and contour cultivation.� 

There is also evidence that on many 
fields the soil organic matter, which 
contains the ni trogen used by crops, Barnya rd manure is an excellent fertilizer and. being high in organic matter. is especially 

effective on sandy soils. These pictures show the marked improvement in corn Iromhas become reduced to a point wher e 
applying 20 tons of manure per a cre. 

the amoun ts re tu rne d to the land in 
crop residues, barnyard manure, and 
by legumes are not sufficient to in su re 
maximum yi elds. 

Experiments conducted by mid-west 
expe r ime nt stations have sho wn th at in 
this r egion the reductions of soil or
ganic matter hav e been in the order of 
25, 10, and 7 per cent for successive 
20-year periods during which the land 
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SILO Drainage Stops a Nuisance� 
CHARLES G. SNYDER 

THE GROWING practice of filling 
","~&.:'Ui '~~·-"·W;'-~~~;'~''''1~qlil~~ 

•silos with legume or corn crops of ffo••~.o~~ o~ r ~~ 

h igh moisture content m akes it desir- .~.:':~ '; GRAVE L FILL FLOOR. 
able to ha ve som e m eans of draining :"'. ;"; A 
off th e surplus juices. A s ilo built for .; ;.~ :~ 
ensiling corn at th e usual moisture con- /S~ 
ten t of 68 to 72 per cen t will .:":; ;.:j'~ - -':'::'::;:'~~=::-	 -":'~~c..;Jneed I::','::;;"

addi tional reinfor cin g s teel to counter
ac t th e hi gh er pressures of wetter si
lage. Otherwise, even though the struc
ture m ay not fail completely, the extra 
st ress on th e reinforcing steel will allow 
cracks in th e wall to open up, thus in
creasing th e tendency for th e silo to 
leak. Juice leaki ng from a silo will re
move ga lvanizing almost immediately, 
corrode steel, concret e, and mortars, 
and in addition will make th e silo and 
the adjacen t barn yard unsightly a nd 
smelly . 

High Silos Not Desirable 

If a silo is much over 25 feet high , 
we t s ila ge will have some of its moi s
ture squeezed ou t whe n th e silo is 
fille d. Wh enever th e height exceeds 40 
or 45 feet, excessive leakage is a lm ost 
sure to result if filled w ith wet s ilage. 
This moisture may accumula te in the 
bottom of the sil o where it will water 
log and make unpalatabl e th e lower 
portion of the silage, unless th e soil 
is sandy enough to pe rm it ready drai n
age or an adequate drainage system is 
insta lle d. In many cases, however, a 
portion of the surplus silage juice find s 
its way to and through th e silo wall 
and runs down th e ou ts ide. 

Experimental Silo Studied 

The Division of Agricultural Engi 
neering, in cooperation with 'a stave 
silo manufacturer and a local dairy 
farm , has under observation a 14 x 45 
foot silo built especially to study this 
drainage problem. The silo was built 
in June of 1940 and is now filled for 
th e third time. The primary obje ctives 
of th e ex per im ent were to determ in e 

Two� plans for draining sil os . Above -s-Iloor sloping to 4 x 4·inch trough (B) extending the full 
diameter of th e silo and covered with loose-filling concrete slabs (A ). Below-drain of 
six-sided til e for floors already in pla ce. Both plans include a 20-inch fill of coarse gravel. 

(1) the amount and rate of flow of 
juice to be expected under var ious 
cond iti ons, (2) how the ju ice find s its 
way out of th e silage m ass, (3) the 
che mi cal com pos it ion and conseque n t 
losses of th e ju ice drai ned off, and 
(4) a m ethod of cons tr uc tio n an d dr a in
age th at w ill r educe as muc h as pos
sib le both the leakage through the s ilo 
walls and doors and th e silage spo ilage. 

Cons iderable uncer ta inty still exists 
r egarding th e details of s ide-wall dr ain
age, but for floor drainage th e experi
m ent a l si lo has a re inforced concrete 
floor w ith both hal ves slopi ng toward 
the midd le where th ere is a 4 x 4 inch 
trough exte nding the full diam eter of 
the sil o. As shown in th e upper draw
in g of th e accompanying figu re, this 
trough is covered wi th concrete sla bs, 
which are loosely fit ted to permit th e 
rea dy en trance of drain age juices , and 
whose tops are flush with th e floor. 
Th e floor and the coll ect ing drain of 
the expe ri mental silo is covered w ith 
a 20-inch layer of coarse gravel (3fs to 
1V2 inches ) so that juice lea ving th e 
bo ttom of th e silage m ass a t any po int 
can travel fr eely to th e drain. This floor 

Three Years' Summary of Drainage Data" 

Ensiled material 

Moisture Weiqht 

pe r cent pounds 
72 244.340� 
75 335,440� 
77 369.BOO� 

• For detailed report of the fir st 

Dr ainage Loss of nutr ient s 

Silaq e 
juice 

Rate ot 
ma ximu m flow 

Diqestiblet 
p r ote in Mineralst 

qals. g a ls . per hr, p er cent pe r cent 

I.B07 10 5.9 5.0 
4.600 26 :j: :j: 

7.502 66 16.6 13.6 

year 's data se e " Ne w Methods in th e Drainage of Moisture from 
Farm Silos." C. K. Otis. Aqricullural Enqi,:,eerinq Journ al ; Volum e ~ 3: .No. 10. ~ctob e~ 1942. . . 

t Chemi ca l analyses of the silage JUIce w ere ma de by th e Dlvl sl.on of. Blochemlstr~ , Un iv e rslt y 
of Minnesota. Quan tities in orig in a l crop were calculated from data qr ven In F. B. Mornson 's Fee ds 
and feedinq. 

:j: Analyses not completed . 

dra in has proven sa tis factory, but th ere 
still is a qu estion whether it might not 
be preferab le to have a woo de n grill, 
built in sect ions rem ovable for clean 
ing the floor underneath . Regardless of 
construction details, any floor drain 
must extend en tirely across the silo if 
it is to be effective. 

Th e lower dra wing in the figure 
shows another floor dr ain whe re six
sided til e are used for the coll ecting 
dra in . Load-bearing hollow tile coul d 
be used if more readily availab le . 

Nutrients Lost in Drainage 

P rovis ions were m ad e at th e expe r i
me ntal si lo for collecting, mea suring, 
and� analyzing juices drained fr om th e 
silage, as shown in the acco m panyi ng 
tab le. Th e volu me of drainag e sh ow ed 
a marke d variati on for the th r ee fill
ings� of a lfa lfa and inc re ase d w ith th e 
increase in m oisture content of th e 
ensiled mater ial. Th e m ax imum rate 
of flow was 6.6 times as great at 77 
per� cent moisture as at 72 per cent, 
altho ugh the tota l volume of th e juice 
only increased 4.2 times. 

Digestible-protein losses in cre ase d 2.8 
t im es and th e mineral loss increased 
2.7 times for alfalfa w ith 77 per cent 
mo istu re when compared w ith losses 
from alfalfa conta ining 72 pe r cen t 
mo isture . Even thou gh no definite 
drainage system is provi ded , th ese 
losses will take pl ace by seepage into 
th e soi l and leakage thro ugh th e silo 
wa ll whe n we t silage is put up. Drains 
can be effec tively used to elim inate the 
disagreeable odo r , un sightliness , and 
struc tura l damage caused by leaky 
silos . 
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CUTOVER Forests� 
Ask Only a Chance� 

JOHN H. ALLISON 

M INNESOTA' S northeastern cut
over region, ugly as it now seem s, is 
in fact a slee ping beauty of enormous 
potentialities. Logging-scarred and fire
ch ar re d, she awai ts on ly the magic 
touch of simple mana gement which any 
land owner can apply, plus more ad e
qu ite fire pro te ction to awake and scat
te r her blessings over m ill ions of acres . 
App are ntl y a com plete wreck and often 
referred to as permanently ruined, she 
can, with very little assistance, sup
por t thousands of families and con vert 
her vast enviro ns into a prosp erous and 
happy land. 

A century ago th ese lands were cov 
ere d by a magnific ent fores t, one of th e 
most valuab le in th e world. On the 
sandier uplands th e forest was com
posed of alm ost pure white or Norway 
pine. On th e better soils hardwoods, 
mi xed with white pine and sometimes 
spruce, made up th e fore st. The best 
white pine w as found in th ese mixed 
stands. Th e greater part of the bog 
lands we re covered w ith stands of 
spruce, hi ghly valuable for paper pulp, 
and with tamarack and cedar . Logging 
opera tions, beginning abo ut 1840 and 
reaching th eir peak of 2,300,000,000 feet 
board measure in 1899, have now almost 
completely sw ept over th ese lands. 
P resent year ly vol ume is about 200,
000,000 feet or ab out on e-twelfth of 
peak product ion. 

Farm Settlement Lags 

Se venty-five years of attempted ag
r icu ltural settlement in this region has 
brough t the clearing and improving of 
only ab out 1,650,000 acres, or 9 per cent, 
while about 15,500,000 acres, or 82 per 
cent or the total area, is st ill for est 
land. The re maining 9 per cent, about 
1,700,000 acre s, is within city and vil
lage boun dar ies, in highway an d rail
road rights of way, in waste land, and 
in industrial areas such as mines. 

The original logging togethe r with 
th e fires that accompanied and foll owed 
it has left th e greater part of the area 
covered with hazel or al der brush or 
with badly run-down forests in which 
th e low-value popple (aspen) and birch 
predominate and in which there is very 
little of th e high-value pine and spruce. 
But do not blame the logger too se -
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Our cutover forests can 
produce timber in abun
dance wit hout sacrific e 
of scenic appeal. 

verely. Until ra ther recently most peo
pl e in th is r egion thought that all th ese 
lands would soon be cleared for farm
ing and tha t burning would make them 
easier to clear . Hence. why protect 
th em fr om fire? In fa ct , prior to 1920 
it was th e custom to burn ov er, every 
spring, the land logged during th e 
previous fa ll and winter. As th e con 
sequence of all this, larg e areas of land 
which agriculture is not going to use 
for a long time to com e have been con
ver te d into worthless hazel and alder 
brush. Mor eover, th ere has been a 
great reduction in the density, qu ality, 
and value of the popple and b irch which 
uncontrolled fire ha s caused to becom e 
dominant over othe r large areas of 
th ese lands. These same fires have al 
mos t complet ely eliminated the valu
able white and Norway pine from th e 
second-growth forest, although they 
did materially assist in th e establish 
ment of the second -growth jack pine 
stands now foun d on the sandy lands 
in th e neighborhoods of Bra inerd, P ark 
Rapids, Bem idji, Cass Lake, and Wil
low River, and on th e rock outcrop 
lands of northern St. Louis and Lake 
counties. 

Most timber , both pines and hard
woods, 30 years or more of ag e survives 
the ordinary forest fire, but sustains 
some damage from eve n th e lightest 
burns. Almost all pine and upland 
spruce under 20 years of age is killed 

by even light burns. Hence it is now 
realized that for th e welfare of th e 
region, it is very important to do 
every th ing possible to prevent and 
control for est fires. 

Fire Control Encouraging 

Forest fire control in this region was 
not seriously attempted until 1911 when 
the present Minnesota Forest Service 
was establishe d, but so well has th e 
program been dev eloped that, since 
1935, onl y about one-half of on e per 
cent of th e area protected has been 
burn ed ov er annually. This m eans that, 
on the average, any given area would 
be burned over only once in 200 years. 
Although weather conditions during 
th e last eight years have been favorable 
for fire control, a careful study indi
ca tes that equally successful control 
duri ng unfavorable years could be 
achi ev ed by a 50 per cent increas e in 
staff and equ ipment, an increase within 
the realm of earl y achievement. 

Cutover for ests now contain about 
10 billion feet board measure in trees 
of sa wlo g size of which only about on e 
and a half billion is p ine. P robably not 
more than half the total t imber of 
merchantable size can actually be log 
ged commercially, th e rest being in 
trees too widely scattered for profitable 
logging. 

Annual growth now taking place in 

11 



12 

MINNESOTA� 

FARM AND HOME SCIENCE� 

Published and distributed without� 
charge by the Minnesota Agricul�

tural Experiment Station� 

University Farm� 
St. Paul 8. Minnesota� 

C. H. BAILEY. Director 

F. R. IMMER. Associate Director 

Editorial committee-H. L. Harris. 
chairman. J. J. Christensen. Eva 
Donelson. E. Fred Koller. W. E. 

Morris. M. H. Roepke. 

FEBRUARY 15. 1944 

the cutover regio n totals about 475 mil
lion board feet, of wh ich only about 175 
million fe et is pine, three-quarters jack 
pine. Wh ile t he to tal growth consider
ably exceeds the current lumber cu t, 
it only sli ghtly ex ceeds the total drain, 
includ ing other forest products such as 
pulpwood and fuelwood, plus losses 
from fire, insects, and the lik e. P ine 
an d spr uce are being cut considerably 
fast er than their rate of growth. 

Production Possibilities Enormous 

At present, over 2,500,000 acres of 
form er pine lands are occupi ed by 
br ush or by popple and othe r nor the rn 
hardwoods of quality too poo r to pr o
duce either sawlogs or pulpwood . Con
verting th ese lands back in to pine and 
giving the m, together w ith the more 
than 1,500,000 acr es alre ad y in pi ne, 

r easonable fire protecti on would enable 
us to increase the annual cut on the se 
4,000,000 acres to abou t 500 million 
board feet of Norway, white, and jack 
pine lumber plus about 300,000 cords 
of jack pi ne pulpwood. A t the same 
time, concentr at ing the popple, the 
oth er nor thern hardwoods , the spruce, 
th e tamarack, and the ba lsam on the 
soils especially suited to them and giv
ing them sim ilar protection from fire 
would enable us to inc rease the tot al 
annual lumber cut of all species withi n 
th e cutover region to more tha n 600 
million fe et, plus abou t 750,000 cords 
of pulpwood , plus cons id erable quan
tities of mine timbers, hewed ti es, pil
ing, posts, and fu elwood. 

The forego ing amo un ts are well 
within reasonable possibility. Th e 
175,000 acres of United States owned 
fo rest land in the old par t of the Chip
pew a National Fores t , after 40 years of 
good fire protection , al ready is exceed
ing the ra te suggested. Th ese es tim ates 
are further suppor ted by results ob
tained by th e University's Division of 
Forestry on its 3,000-acre ex per im en t 
station near Cloquet. Aft er 35 ye ars of 
good fire protec tion, th e rate of growth 
of this forest, established almost en 
tirely by natural processes , now is 
abou t double th e per-acre volumes 
predicte d above. But to obtain th e rate 
of growth proposed fo r the cutover 
lands, th e cu tting of the young tim ber 
must be d elayed un til the popple and 
jack p ine trees reach 40 to 60 years of 
age and other sp eci es reach 75 years or 
more. 

Several important ga ins can be ex
pected from the improvemen t of th e 
forests of th e cu tover region. It would 
provide full- time em ployment for ove r 
20,000 men as against 13,000 in recent 
years. The grea ter pa rt of th is increased 
employment would be dis tribute d 
amo ng many th ousand part-t im e work

ers, mostly from the farms of the re
gion. Less tha n half of these farms no w 
have enough cropland to support their 
occupants who therefore must have 
ei the r outside wo rk or "relief." The in 
creased employm ent from im proved 
forests wo uld materially reduce this 
re gion's relief load-a gai n of no sm all 
im por tance both socially an d financi 
all y. 

The incr eased income whic h th ese 
fore sts can be made to y iel d to the ir 
owners, to loggers and mill operators, 
and to tr uck ow ne rs and railroads 
would m ater iall y in crea se the tax y ield 
of th e region , thereby fur ther reducing 
th e ass istance now required fr om th e 
rest of th e sta te . 

Th e increased production of lumber, 
pulpwood , and othe r forest products 
would re duce th e quantity of such 
products wh ich Minnesota and sur
rounding sta tes w ill have to sh ip in 
from more dist ant par ts of the United 
States or fro m Canada. 

Recreational Uses Important 

Bu t the direct gains fr om forest im 
provement are not al l. Recreat ion is 
an im por ta nt source of inc om e to the 
entire state as well as to the residen ts 
of th e cutover re gion. High ways and 
lakes bordered by vigorously growing 
fore st s are much m or e attractive to 
tourists than burned -ove r lands cov
ered with brush and briars and adorned 
with the sk ele tons of dead trees. Log
ging operations need no t mar th e lake 
shores or the road s ides. Add soul
sa tisfying forests and tourists will come 
flocking back again and again to th is 
land of beautiful lakes. Most certainly, 
the beauty of the cutover region, now 
sleeping, can be awakened and re
established for th e us e and en joyme nt 
of m an . 

If se eing is believing, these photos prove that cutover forests come back strong when protected from fire . Left to right are young Norway pine 
reproduced on a clear-cut area; a 30·year jack pine stand nearly ready for pulpwood; and a reproduction of black spruce in a cutover 

swamp. Minnesota's vast cutover region still has over 15,000,000 acres of forest land. 
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TEXTILES Feel the Impact of War� 
ETHEL 1. PHELPS 

ALLOF US hav e been made aware 
of some of the effects of th e war on 
textile products, but not all of us have 
exper ienced the same manifestations. 
Shor ta ges in fa bric and garment stocks 
an d changes in quality of merchandise 
have varied from place to place. How
ever, th ey are bei ng m et often enough 
so that many questions are asked. 
Why are denim work clothes for 
wome n or ove ralls for men so scarce? 
Why are children's snowsuits hard to 
find? Don't we have all the rayon we 
need? Why aren't the re more low 
pr iced dresses for women? Why is the 
qua lity of many fabrics and garments 
so poor? Will blended wool mater ials 
wear as well as all-wool fa brics? How 
can I select sh eets that will give 
maximum service? 

Answers to such questions are not 
simple beca use th e whole bus iness of 
making and distributing fabrics and 
cloth ing is extremely complica ted , be 
cause wa r has dis rupted many phases 
of this complicated industry, and be
cause the situation changes rapidly . 
War has upset our supplies of textile 
raw mater ials; curtailed the m anpower 
us ed in the man ufacture of fabrics an d 
clothing ; cut off or lim ited th e equip
ment needed for manufacture an d re
stricted the typ e an d qu ali ty of repairs 
needed to keep it ope ra ting. War has 
incre ased the income of many people, 
thus releasing many dormant or un
sa t isfied wants. Most important of all , 
war has created a gargantuan govern
me nt demand for tex t ile products for 
th e armed forces, for lend-lease, for 
rehabilitation work abroad. 

The employment of wome n in war 
plants has made it nec essary to develop 
suita ble work clothes for th em . An 
enormous and increas ing demand has 
arisen for these new- type ga rments, as 
well as an increased demand for men's 
work clothes and the cotton fab rics of 
which they are all made. In additio n, 
cot ton bagging and clothing fabrics 
need ed for the army and navy are of a 
similar character and all such materi als 
req uire the same type of equipment for 
manufacture. Some factory reconver
sions from osnaburg bagging back to 
den ims have been ordered recently 
which in time may make possible in
creased stocks of civilian work clothes, 
pr ovid ed th e ex tra denim produ ced is 
not required for gove rnme nt uses. 

At present the United States is mak -
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ing two thirds of th e worl d's output 
of cot ton goods. Nevertheless cot ton 
goods productio n is decreasing, owi ng 
to causes too numerous to men tion 
here. As a result our present pro du c
tion is 15 pe r cent below the 1942 h igh, 
while the army and navy hav e been 
finding new uses for cotton. According 
to trade repor ts, prospects are not 
prom ising for any early increase in cot
ton fabrics available for civilians. 
Thr ift in us e and m et icul ous mainten 
an ce will help extend th e life of cotton 
fabri cs an d garments now in service. 
Su ch m easures ap pear to be called for 
now in order to lessen civilian demand 
for cotton m aterials. 

Wool mater ials are acutely needed 
for childre n 's snowsuits, mackinaws, 
an d utility or lu mber jackets. However , 
the manufacture of th is type of ga r
ment is said to be limi te d by shor tages 
of linings and m anpower as well as of 
wool material. It has been our good 
for tune to have been able to build up 
so great a stockpile of wool th at near ly 
all restrictions on the m anufactu re of 
wool fabrics for civilians have been 
withdrawn and the who le wool-blen d
ing program term inated. Although wool 
was one of the firs t basic commodities 
to be con trolled by a W.P .B. conse rv a
tion order after P earl Harbor , at the 
present time wool is relatively one of 
our more 'abundant fibers. Othe r re

st r ictions aime d to conserve wool ma
ter ial in the manu facture of clothing 
still stand with cer tain ex ceptions, such 
as patch pockets which are, now per
mitted in order to save r ayon or cot ton 
lining m at eri als. 

Two ye ars ago it was assu med that 
rayon could be de pended up on to re 
place other scarce or nonexistent fibers. 
Toda y h igh-t enacity rayon is being 
use d for parachutes to dr op mat erials 
such as cargoes, flares, and fragme nta
tion bombs; for cord in synthet ic ru b
ber tires; for heavy du ck use d for pow
der bags ; for parachute cords; and for 
man y other essential purposes. Because 
of the rapidly increasing government 
dem and for rayon, its availability for 
nonmilit ary uses is shrinking, even 
though th e to ta l amount produced has 
been increased greatly. Civilian s sh ould 
conserve rayon wherever possible. 

Depar tme nt store buyers and con
sume rs both re por t th at inexpensive 
dresses are hard to find and may be 
made of very inferior mater ial. Manu 
facture rs of th ese so-called "low-end" 
dresses , th ose selli ng up to $5.00 ret ail, 
complain that th ey cannot ge t fabrics 
in sufficien t amounts and at the neces
sary low pr ice for th eir volume-pr ice 
operatio ns. Some explanations offere d 
in this connection are that rayon fabrics 
formerly were underp r iced to these 
dress manu facturers ; th at curren tly 

A Wartime Textiles and Clothing� 
Program for Civilians� 

•� Buy nothing unless it is needed-help reduce consumer demand 
and avoid inflation. 

•� Plan for necessary buying thoughtfully-survey essential needs be
fore buying. 

•� Study the textile materials offered for sale-look for useful infor
mation about fabrics and read la b e ls . 

•� Select fabrics and garments for maximum service-for durability 
as well as for appearance. 

•� Sew at home if time and ability permit-home sewing affords a 
wider choice of fabrics, permits well-chosen and durable construc
tion, and makes a contribution of labor and equipment. 

•� Wear garments suitable for the work to be done and avoid un
necessary damage. 

•� Keep fabrics clean and make repairs promptly. 

•� Provide suitable storage for both winter and summer clothing to 
protect it from damage of any kind. 

•� Wear cloth ing and use textiles as long as possible-make over 
garments when condition of cloth indicates additional service can 
be had from it. 
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materials a re upgraded by extra finish 
ing cos ts, such as screen printing used 
for shor t runs of figured rayon, and 
then sold for manufacture into higher
pr iced garments; that large increases 
in sa les of r ayons as ya rd goods to 
retailers have cut th e supply available 
for dress manuf acturers. Both con
su mers and dress m anufacturers a re 
buyi ng on a "seller' s" m arket. 

Complaints of poor quality and high 
pr ices are bei ng ra ised by many people. 
Gen eral re asons for the poor quality 
found both in ready-to -wear clothing 
and yard goods sum marize some of the 
points already made. Th e supply of 
mater ials is lim ited ; good quality m a
ter ials go in to highe r- priced garmen ts; 
th e government is using tremendous 
amo unts of h igh- grade materials of 
many typ es and th e facili t ies for mak
ing them; manpower is scarce and ex
pe nsive ; every effor t is made to achieve 
maximum production, even at the ex 
pense of quality . In addit ion strong 
consumer de mand is another important 
fa ctor , since m any consu mers appear 
eager to buy regardless of quality or 
serviceabili ty. 

In spite of problems of manufacture 
and quali ty, m any h igh-grade materials 
have been availa ble as a result of th e 
large stocks customarily carried by 
merchants. Some are still being made 
in limited amounts . Trade papers claim 
tha t customers today buy better clothes 
beca use they have the money and r ec
ognize th e highe r quality of th e mer
chandise. The Departmen t of Commerce 
reports tha t for th e firs t 9 m on ths of 
1943 retail s tores' do llar sal es were 
nearly 10 per cen t ahe ad of th ose for 
1942. This will be an all -t ime hi gh in 
spite of shortages, and can serve as a 
measure of the forc e of the cons umer 
dem and for t ext iles, wh ich is competing 
for nonmilitary st ocks as well as rapidly 
depl eti ng th e reserve stocks which have 
been available so far . 

Many blended fabrics now are offer
ed for sa le. Both garmen ts and fabrics 
may carry labels indicat ing the per
centage of wool, reprocessed wool, r e
used wool, and rayon or oth er fibers 
included in the mater ia l. Such labels 
are in accordance with the Wool P ro
ducts Labeli ng Act of 1939, which went 
into effect J uly 14, 1941. Under provi
sio ns of this Act, wool means fiber 
which has never been woven or felted 
previously and also fiber remanufac
tured from yarns and cli ppings from 
knit goods which have no t bee n used. 
Repr ocessed wool means fiber recov
ered from woven or felted mate r ia l 
which 'has not been worn . Reused wool 
means fibe r remanufactured from any 
kind of product which has been us ed 
or worn. If othe r fibers, such as rayon 
or cotton , a lso are present, the ir per
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centages are to be given if they amount 
to mo re than 5 per cent. S ince some 
reprocess ed and reused wool may be as 
good as , or even better than, some 
grades of new wool, the presence of 
remanufactured wool , when indicated 
by the label, should not outweigh all 
other considerations in selecting a gar
ment or fabric . Its us e ex te nds ou r 
supply of woo l materials. 

Other blended fabrics sometimes 
found on th e market may be m ixtu res 
of ra yon and casein fiber. Rayons are 
fibers wh ich by ch emical tr ea tment are 
"regenera ted" from solut ions of cellu
lose. Casein fiber is regenerated from a 
solution of casein, the protein o'f m ilk . 
When the proper ties or cha rac teris tics 
of three such bl ended fa br ics, all of 
th em fine se rges, were compared in a 
class st udy with s im ilar propert ies for 
six wool Fr en ch serges, som e in teres t
ing differences were obs erved. The 
rayon-casein fiber blends as a group 
were a little th ick er, heavier, and 
stron ger than the woo l fabrics as a 
group, but they we re m uch les s re
sistant to the wearing effect of abrasio n . 
In th e direction of th e warp twice as 
much s trength was lost with half as 
many rubs. 

For many pur poses where staple 
fabr ics such as cotton sheets are 
se lecte d for service and lon g we ar, 
some indication of the characteristics 
of the fabric would make possible a 
wiser and mo re satisfying selection. A 
brand name does not facilitate the selec
t ion of the stro nges t of several choices 
if st r eng th is thought to be important. 
Homem akers are no t in a positi on to 
determ in e such d ifferences experimen

tally at home. Inform ation on th e label, 
in addition to the brand name, which 
for bed sheets might give the weight 
of a sq uare yard of the cloth, the per
centage of sizing, the number of yarn s 
in an inch both warpwise and filling
wise, and the breaking strength of the 
fabric, would give a better basis for 
selection than do appearance and feel 
alone. 

When the wa r is over w e are 
promised many new things in textiles 
as in other fields . Possibly other new 
fibers regenera ted fro m natural sources 
will make a place fo r themselves, such 
as soybean fiber. Mixtures of sol utions 
of cellulose and casein to make a com
bi nation rayon-casein fiber have been 
tr ied out. Synthetic fibers will be pro
posed for many purposes . On e synth e
ti c fiber, ny lon , a lready has made a 
place for itself; othe rs will follow. 
Lamina ted products, synthe ti c fabri cs 
form ed w ithou t spinning and weaving, 
finish ing processes which modify, im 
prove, and probably "m ake to or de r" 
certain fa bric characteristics, are all in 
the picture. 

However, before these can come, the 
war must be won, the needs of the 
arm ed forces must be met, after wh ich 
civ ilians must be satisfied as well as 
may be. Conservation of materials, 
la bor, machinery, and finished products 
is necessary. A textiles and clothing 
conservation program for civilians calls 
for r educed consumer demand com
bined with a thorough knowl edge of 
textile materi als on th e market, 
thoughtful planning, in telligen t buy
ing, sewing at home when poss ible , and 
th rifty us e of fabrics and garments. 

In the textiles laboratory of the Home Econom ics Division. Miss Ph elps uses a compressometer 
to measure th ickness a nd resilience of a wool bla nket. He re a lso a re instruments for 
measuring strength. weight. and abrasive res istance of fabrics, a nd th e size , strength . 
and twist of yarns. 
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HYBRID CORN-Its Origin and Value� 
H. K. HAYES 

N EARLY 50 MILLION acres of hy
brid corn were grown in the United 
States in 1943, according to estimates 
of the Bureau of Agricultural Eco
nomics of the United States Depart
ment of Agriculture, approximately 52 
per cent of the corn crop being planted 
to hybrid seed. The preliminary esti
mates indicate that 5,356,000 acres of 
corn were grown in Minnesota in 1943 
of which about 88 per cent was hybrid. 

Data have be en collected for many 
years in experimental plots comparing 
yields of Minhybrids, produced by ex
per iment station breeders, with some of 
the better open-pollinated varieties . 
Increases for recommended hybrids in 
the Southern and South Central corn 
maturity zones over comm ercial varie
ties have ranged from 20 to nearly 40 
pe r cent. The average of 20 per cent 
increase in yield for hybrid over open
pollin ated va r ieties for the state seems 
very cons ervative. Thus Minnesota's 
approximate total y ield for 1943 of 
sligh tly more than 200,000,000 bushels 
is about 35,000,000 larger than if hybrid 
had no t been use d. The only extra cost 
of th is 35,000,000 bushels was the cost 
of seed and harvesting, certainly not 
more than 8 million dollars at present 
prices. Without this increased produc
tion the food and feed sh or tag es would 
be ev en m ore acute. 

Because of the great value of hybrid 
corn it may be of intere s t to give some 
idea of th e basic research that was 
necessary to produce desirable hybrids 
for most of the more important corn 
growing regions of the corn belt. Fur
ther improvements are possible in all 
hybrids now available and it is r ea
sonable to conclude that eve n tually 
nearly 100 per cent of all corn grown 
in th e United States will be hybrid. 

Th e corn bre eder 's task is to obtain 
des irable paren ts and make available 
satisfactory cr osses of known perform
ance for each important corn -growing 
region. Each plant in a good hybrid 
has excellent heredity. The parents 
used for the cross have been bred for 
ability to w ithstand lodging, for re
sistance to ear-, stalk-, and root-rotting 
diseases and smut; for desirable plant, 
ea r , and kernel types; and for adapta
bility to a particular corn-growing 
region. In Minnesota this refers to on e 
of five maturity zones ranging from a 
longer growing season in the Southern 
zone to a m uch shorter one in th e 
Northern. Th e standing ability of a good 
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hybrid is on e of its m ost notable and 
valuable characteristics and in this re
spect hy brid corn is fa r superior to the 
forme r varieties grown . 

Hybrid corn was obtained only as the 
end result of extensive, far-reaching 
s tudies in corn geneti cs and breeding, 
only a few of wh ich are m entioned here. 
The original researches were started 
by E. M. East at the Connecticut Agri
cult ural Experiment Station and G. H. 
Shull at Cold Spring Harbor in 1905. 
The present writer was East's assistant 
in 1909. A statement of East's made that 
year still lingers in my m em ory. He 
said, "I started a study of th e effec ts of 
self- and cross-fer t iliza tion in corn with 
the firm conviction that such knowledge 
was necessary in order to develop a 
logical method of corn breeding." East 
had attempted to obtain improved 
varieties of corn by selection under 
open-pollinated cond iti ons ·and with th e 
varieties available had learned that 
progress was rather slow, owing chiefly, 
he though t, to the la ck of control of th e 
sou rce of pollen, that is, the male par
ent. In 1910 when hybrids were being 
grown by th e writer at the Connecticut 
station, East expressed the viewpoint 
that if these wer e grown at a corn belt 
station th ey wou ld create a sensation 
be cause the crosses were so uniform 
and very vigorous. The same year a 
gr eat botanist told the writer that he 
did not beli eve corn could be continu
ally self pollinated without gradually 
becoming so weak that it could no 
longer be propagated . Had this been 
true it might well have doomed to 
fa ilure an y attempt to improve corn by 
producing inbred lin es and using hy
br ids for the commercial crop. For
tu nately, later results proved that he 
was wrong. 

Shull isolated inbred lines and 
studied first generation cro sses between 
th em independently of East's studies 
although each of th es e two workers 
was familiar with th e other's r e-

Inbreds (left) and single cro sses (below) used 
in the new Minhybrid 408. The single cross 
labels indicate which four of the seven 
inbreds shown occur in this particula r 
hybrid. 

searches. Some crosses of Shull's be
tween inbred lines yielded m uch m ore 
than normal corn, others less . In 1910 
Shull concluded that first generation 
crosses eve ntually would be used by the 
corn gr ow er. 

All workers, however, recognized the 
difficult y that the yield of inbred lines 
available at that time was so low that 
the cost of hybrid seed would be almost 
prohibitive. Then, in 1917, D. F . Jones 
at th e Connecticut Agricultural Experi
ment Station presented the double
cross plan which is the chief method 
now us ed with field corn. Inbred lines 
are isolated by selection from open
pollinated varieties or f rom crosses be
tw een inbre ds, each of which has cer
tain desired characters. A single cross 
is produced by crossing two inbred 
lines. Th e double cross is produced by 
crossing two single crosses as is il 
lustrated for the four inbreds, A, B, C, 
and D. 

Inbred lin es A BC D 

\/ \/
Single crosses AxB Cx D 

~/ 
Double cross (A xB) (C x D) 

Th e advantages of this method are 
now widely appreciated by seed grow
ers . Only a small amount of single
cros sed se ed is needed to plant the 
crossing plots. A single acre utilized for 
producing double-crossed seed produces 
en ough seed for fro m 250 to 500 acres 
of commercial corn. Properly selected 
double crosses yield about as well as 
crosses between inbred lines. Hybrid 
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corn utilizes hybrid vigor which is 
present only to the greatest extent in a 
cross be tween parents each having de
sirable inheritance and combining well 
together. 

Space is available only for two illu
strations of th e application of research 
studies to corn improvement. In Minne
sota , corn smut is a serious disease, 
most of the hybr ids grown being much 
more resistant to smut than normal 
varieties. An exact knowledge of losses 
from smut was not available. Extensive 
studies by plant pathologists and plant 
breeders in Minnesota, using hundreds 
of paired compar isons of plants infected 
and not in fected by smut, have been 
made, and it is now known that smut 
causes great reductions in grain Yields. 
It is apparent that an ear heavily in
fected by smut may be worthless but 
it was a great surprise to learn that a 
smut gall on the neck of the plant 
above the upper leaf caused a much 
gre ater reduction in grain yield than 
any other infection except ear smut, 
frequently result ing in no ear being 
formed on the plant. The mode of in 
heritance of smut reaction has been 
learned by intensive correlated study 
of th e mechanism responsible for the 
transmission of inherited factors fro m 
one generation to the next, called th e 
chromosome basis of heredity, and th e 
smut reaction of crosses between re
sistant and susceptible inbred lines. Of 
great immediate practic al value was the 
knowledge that inbred lines or hybrids 
of corn that were resistant to local 
collections of smut proved resistant also 
to a mixture of smut from various 
regions of the corn belt. Most of the 
present corn hybrids are more resistant 
to smut than normal varieties, and the 
hybrids of the future may be expected 
to be more resistant to smut and other 
diseases than those available today. 

The breeder produces improved in
bred lines of corn in the same manner 
that the breeder of wheat obtains im 
proved varieties by crossing and selec
tion, exc ept in corn ther e is the neces
sity of controlled self pollination during 
the selection process. Wheat is naturally 
self pollinated. It is possible to build 
up improved lines in corn by planned 
crosses, using parents that contain to
gether the desired characters, and prac
ticing selection in self-pollinated lines. 
Many of the inbreds used in hybrids 
produced by the Minnesota Agricultural 
Experiment Station were selected fr om 
the progeny of crosses between inbreds 
and at least one of the inbred parents 
was selected for ability to withstand 
lodging. No inbred lines of corn yield 
as well as hybrids, although those avail
able today are much better because of 
their breeding than th e inbred lines 
originally produc ed by East and Shull. 

After obtaining inbreds they must be 
tested in crosses for yield and other 
charact ers. This testing problem has 
been greatly simplified by the disco v
ery th at th e yield and time of maturity 
of double crosses can be predicted with 
gr eat accuracy from data on th e per 
formance of the appropriate single 
crosses. The method used was one of 
several plans suggested by M. T. Jen
kins of th e U. S. Department of Agri
culture in 1934. It is impossible in a 
short article to present data to prove 
the accuracy of the method. The proof 
of th e reliability of the method was 
obtained, however, by extensive com
parisons of the performance of a rather 
large number of actual double crosses, 
with their predicted yield. The com 
parative eas e of prediction of a large 
number of double crosses may be ap
preciated from the following example. 
Having available 20, or n, inbred lines 
the greatest possible number of single 
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cross es that can be made are 1/2(n)(n-l), 
or 190. Th ese 190 single crosses are 
tested in yield trials in several loca
tions and with sufficient replications to 
obtain sufficiently accurate data, wh er e
as it would be clearly impossible to 
test all of th e double cross es. Th e num
ber of differ ent double cross es that can 
be made with these 20 inbred lin es 
are 3n(n- l ) (n-2) (n- 3)/ 24 or 14,535. 

Table 1. Average yields and moisture con. 
tent at husking of the six possible single 
crosses between four Inbred lines. A37S. 
A73. selected In Minnesota. Os, 420 from 
Iowa. and Oh, SIA from Ohio. when tested 

in several locations In 1940 and 1941 

Moistu re 
Cross Yield. bu . per cent 

per acre at husking 

A375 x A73 71.0 23.9 
A375 x Os. 420 81.4 25.6 
A375 x Oh . 51A 73.1 21.8 
A73 x Os. 420 . 88.3 26.9 
A73 x Oh . 51A 81.3 22.2 
Os , 420 x Oh . 51A ................. 78.2 26.2 

Table 2. Prediction of the performance of� 
Minhybrld 408 from the yields of single� 

crosses. Minhybrid 408 (A37S x A73l� 
(Os. 420 x Oh. SIAl� 

Moisture 
Cross Yield. bu. per cent 

per acre at hu sking 

A375 x Os. 420 81.4 25.6 
A375 x Oh . 51A 73.1 21.8 
A73 x Os . 420 88.3 26.9 
A73 x Oh . 51A 81.3 22.2 

Predicted yie ld 01 Minhy. 
brid 408 = Average ..... 81.0 24.1 

Tables 1 and 2 illustrate the method 
of prediction for one double cross that 
was approved for release last winter as 
Minhybr id 408, ears of which are il
lustrated in the photographs. 

From four inbreds, for example , A, 
B, C, and D, three differ ent double 
crosses can be made-(AxB) (CxD), 

(Concluded on Page 7) 
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