


2 

Minnesota's Men of Science� 
Editor's Note-This is the twentieth in a series of articles introducing scien
tists of the University of Minnesota's Institute 01 Agriculture. Here we present 
Milton F. Kernkamp, assistant director 01 the University's Agricultural 
Experiment Station. 

Published by the University of Minnesota Agri
cultural Experiment Station. Institute of 

Agriculture, SI. Paul 1. Minnesota 

Director-H. J. Sloan 

Editor-Harold B. Swanson 

Editorial Committee-Harold B. Swanson. chairman;� 
Louise A. Stedman; Philip M. Raup; L. E. Hanson;� 
Harold E. Jones; Robert E. Nylund; Helen L. Pilcher :� 

and Earl K. Brigham� 
Dean of the Institute of Agriculture-H. Macy� 

May 1958 

In 'Chis Issue 
•� Swine Breeding for Tomorrow. L . M. 

W inters 3 

• Th e� Nature of Farm-to-Retail Price 
Spreads. Reynold P . Dahl ........ .......... 5 

•� Characteristics of Farmers For and 
Against School Consolidation. Mar
vin J. Tav es 6 

•� Can Honey Bees Be Used as Alfalfa 
Pollinators in Minnesota? Kenneth W. . 
Tucker 7 

• Local Organizations for Watershed Pro
tection. Virgil C. Herrick 9 

• Blouse and Shirt Fabrics-Cotton Com
pared to Newer Fibers. Mary Ann Mor
ris, Lillian O. Lund, and Ethel L. Ph elps 10 

•� How to Get Earlier Tomatoes from 
Your Garden. R. E. Nylund 12 

• Chemical� Control of Rusts . J. J. Chr is
tensen 13 

• Grain Sorghum for Minnesota? R. G. 
Robinson 15 

•� Liming Needs of Minnesota's Soils. 
John Grava and Steven Pawluk 16 

•� If You Irrigate-How Can You Tell 
When ? E. R. Allred and G. R. Blake 18 

Newest member of the University of Minnesota Agricul
tural Experiment Station administrative staff is Milton F. 
Kernkamp, who on April 1 became assistant director of the 
station. "Kerney," as his many friends know him, isn't new to 
the University staff, however, nor to the farmers of the state. 
Before his promotion he served as associate professor of plant 
pathology, where his research in diseases of gr asses and leg
umes vitally affected many thousands of Minnesota farmers. 

In his new position, Kernkamp will 
aid H. J . Sloan, director of the Experi
ment Station, with such duties as 
planning and checking research proj
ects , coordinating research between 
the various departments and branch 
experiment stations of the Institute of 
Agriculture, and working with indus
try , private foundations, and the fed
eral government on research grants. 

Kernkamp was born and r aised 
in rural Washington County. He re
ceived his B. S. degree in 1934, his 

M. F. Kernkamp M.S. in 1938, and his Ph.D. in 1941 
from the University of Minneso ta. 

Following graduation, he worked briefly for both the Uni
versity of Minnesota and Texas A. and M. College as an assist
ant in plant pathology in 1935. In 1936 he became an instructor 
in plant pathology on the University st aff, remaining until 
1941. During this time he taught in the University's School of 
Agriculture, College of Agriculture, and General College, as 
well as carrying on extensive research. One of his important 
contributions to the basic research in his field was a study of 
the genetic variability in the organism that causes common 
corn smut. This helped to explain why previously resistant 
var iet ies of crops could become susceptible to plant diseases. 

Kernkamp was named assistant plant pathologist, sugar in
vestigations, for the U. S. Department of Agriculture at Meri
dian, Mississippi, in 1941. From 1942 through 1946 he served 
with the U. S. Army, seeing service as a captain in th e Nor th 
African and Italian theaters. He returned briefly to the U. S. 
Department of Agriculture post at Meridian before rejoining 
the University of Minnesota staff as an assistant professor in 
1946. In 1949 he was promoted to associate professor, doing both 
research and teaching. 

He is a member of Gamma Alpha, American Phytopathologi
cal Society, Sigma Xi, and the American Association for the 
Advancement of Science. He was president of the North Cen
tral Division of the American Phytopathological Society in 
1952-53, and associate editor of the journal "Phytopathology" 
from 1947 to 1950. He has remained active in the Research and 
Development Program of the U. S. Army reserve, with the rank 
of lieutenant colonel. 
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Swine J6reedinll/or (;olJ/orrow� 
L. M. WINTERS� 

MODERN scientific animal b reed 
ing can produce pigs tailor

m ad e to the needs of the farmer seek
ing a faste r gain ing an imal, to the 
housewife seeking leaner meat, or 
ev en the m edical scie ntist seeking 
clues to the control of human misery. 

The University of Minnesota h as 
been doing just such breeding w ork. 
The pic ture (figure 1) illustrates wh at 
.has been don e. It shows a miniature 
pig developed as a laboratory animal, 
especially fo r medical r esearch, and a 
Minnesota No. 3, the Un iversit y' s 
newest line developed for commercial 
hog production, esp ecially to comple
me n t the Minnesota No. 1 and No.2. 

Both pigs are the same age ; both 
were fed complete r a tions. Both were 
and had been in good health. At 120 
days the m in iature pig w eighed 28 
pounds, the Minnesot a No. 3, 145 
pounds . 

Early Questions 

An im al breeding, as an ap pli ed sci
ence, is young, very young . Ou r re
search program started in 1928. The 
first t wo questions requiring answers 
were: 0 ) had selection on th e basis of 
ap pearance (judgin g) been as effec
tive as w e had beli eved , and (2) could 

the pr inciples of hybrid corn be ap
plied to livestock through cros sing of 
the (then ) ex iste n t breed s? 

Judging Ineffective 

To ans w er the first questi on, steers 
of the same m arket grade, and pur
chased at the same price per pound 
(selected by public market exper ts) 
were fed individually wi th detailed 
records on performance. We, on the 
University st aff, put our individu al 
apprais als on each animal at the be
ginn ing and end of the exper im ent . 
The ex per im en t w as repeated twice 

The steers showe d differences up to 
40 per cent in efficie ncy of production, 
and both the market ex pe rts and w e 
on the st aff did a poor job of picking 
the m ost efficient. It sho we d clearly 
that different m ethods than those in 
use were needed if we were to make 
much futu re p rogress. 

Crossbreeding 

A crossbreeding trial with swin e 
ran for six years at two different sta
tions. The results show ed clearly th at 

L. M. Winters is professor, Department of Ani · 
mal Husbandry. 

Fig . 1. Results of scientific swi ne br eeding. Miniature pig at left weighs 28 pounds. Minne
sota No.3 at the right weighs 145 pounds. Both were full -fed and both were 120 days old at 
the time picture was taken. 
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the existing breeds of swine did cross 
to advantage. Out of this study came 
what we have called the "continuous 
ro tati onal method of crossing." This 
method is now generally accepted in 
this country as the most practical 
m ethod of breeding m arket swine. 

Development of New Lines 

These t wo studi es set the stage for 
the ne xt big development in scient ific 
an imal breeding. This was the de
velopment of specific lines of hogs 
especiall y suit ed to crossing for com
mercial use. This program was started 
in 1936. 

At the outset most of our effort was 
directed toward the development of 
inbred lines w ithin the Poland China 
breed. The program was reasonably 
successful , but none of the lines were 
as useful as the one new line, Min
nesota No.1, st ar ted from a cr ossbred 
foundation of Landrace x Tamworth. 
Five years later a second line, Minne
sota No.2, resting on a crossbred 
foundation of Yorkshire x inbred 
P oland China line was st arted. This 
line was planned esp ecially to comple
ment the No.1 in crossing. Expecta
ti ons were fulfilled and the two lines 
are now crossing with excellent re
sults. 

To put the continuous rotational 
cross in to full operat ion, three lines or 
breeds par tic ularly adapted to cross
ing with ea ch other are required. 
Consequen tly in 1950 we laid· the 
foundat ion for a third line to com
plem en t both the No. 1 and No.2. 
The fifth generation of this line, Min 
nesota No.3, w as farrowed this month 
(May 1956). The line is well enough 
along and has been used sufficiently 
in crosses so that we now have evi
dence of it s usefulness. The three 
lines are pictured in figures 2 and 3. 

Miniature Pig 

Ab out the time we st ar ted develop
ing the No. 3, a request arose for a 
very small pig suited as a laboratory 
animal for m edical r esearch . Such a 
m iniature pi g was developed at the 

(Continued on page 4) 
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Fig. 2. Represent a tive boa rs , le ft to right, 01 the Minnesota No. I. Minnesota No.2, and Minnesota No.3 lines. 

(Con tin ued from page 3) 

Hormel Institute, Austin. The sa m e 
techniques were used as in the de
velopment of the Minnesota Nos. 1, 
2 andS, The only differ ence was that, 
in this case, a small pig with slow 
growth was wanted. The same pro
cedures were used, only they were 
directed in an opposite direction. The 
results were equally successful and 
many of these l ittle pigs are being 
used to' solve medical problems. This 
is proof that the methods being de
veloped are sou nd . 

Breeding Techniques 

Briefly, the t echn iques are : 

1. :'crossbed foundations . The foun
dations a re carefully selected not 
only to bring to each line the hered i
tary qualities w anted but also to 
bring in to the different lines- such as 
Minnesota Nos. 1, 2 and 3-enoug h 
difference in heredit ary material so 
that the finished lines w ill cro ss to 
advantage . 

2. Full litter performance testing. 
Sample testing (two to four pigs from 
a fe w li tters) w ill not do the job. 

3. Se lection of " breeding stock on 
ba sis of performance. Type is a par t 
bu t only a part of performance. 

4. Breeding from within a rather 
large closed population. This means 
us ing the males and females from the 
same herd and continuing this over 
a long time. 

5. Mutiple sire. In the development 
of the Minnesota No .3, the multiple 
sir e te chnique was in t roduced . Sev
eral carefull y selected males are 
turned with the entire female popu
lation being bred. They are left with 
the females for one breeding period 
only. Any female not settled is culled 
from th ~ herd . 

The theory behind this is that since 
all the males a re carefully selected on 
performance, it makes no difference 
which one becom es the sire of the 
particular animal or animals selected 
from the next generation. The impor
tant thing is to get the best animals . 

F u r therm ore, each male has an 
equal opportunity to b reed females 
and each female has a fair chance to 
become settled. Therefore, the culling 
of every female not settled on t he 
firs t breeding cycle should put auto
matic selective pressure on fertility. 

The method is giving evidence of be
ing effective and its simplicity greatly 
reduces costs of oper ation. 

New Developments 

Recently two new additions have 
been made to the breeding project. 
One is to attempt improvements in 
the well-established lines through the 
introduction of outside hereditary ma
terials. It is too early to know how 
successful this will prove. The second 
is to study the effects of different 
methods of treatment (rations and 
management) on the different crosses. 
The results of this are fa r enough 
along to be ex tremely encouraging. 

Where then does all this take us? 
We can, with the Minnesota No.1, 
2 and 3 crosses , consistently bring 
pigs to a market weight of 200 pounds 
at 135- 145 days and still produce as 
high a quality carcass as our market 
wishes to specify. This is done with 
simple but adequate rations and with 
simple but adequate maangement. 
Feed requirements per 100 pounds of 
gain to carry p igs from 50 to 200 
pounds average about 313 pounds on 
pasture and 343 pounds on dry lot. 

Fig: 3. Representati ve sows, left to right, 01 the Minnesota No. I. Minnesota No. 2, a nd Minnesota No.3 lines. 
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lHE NAlURE OF� 

Jarll1-to-/(etail Price Spreads� 
REYNOLD P, DAHL 

MARKETING MARGINS, or farm
to-retail price spreads, have 

been di scussed wide ly in r ecent 
months. Thi s con tro versy over food 
marketin g cost s is n ot new. It has 
come up r epeatedl y . Th e m arketin g 
syste m is invar iably critic ize d dur in g 
period s of falli ng farm prices. Middle
men are ofte n accuse d of in efficiencies 
and profite ering in suc h periods. 

The m arketin g margin , or "spread," 
is the differe nce be tween the price 
which cons umers pay for food and 
the p r ice the farmer r eceives. It in
cludes all of the costs of movin g farm 
commod it ies from the farm to final 
consumer, including processing costs . 

What has h appen ed to this m arket
in g m argin in recent years? Has the 
p ri ce the cons umer pays declined as 
much as the p rice the fa rmer r e
ceives? What is the significance of the 
declinin g share of the consumer 's 
d oll ar r eceiv ed by farmers? 

An exam ination of the r et ail cost 
and the farm value of the U. S . De
partment of Agriculture's food m ar
ket basket will throw some light on 
these questions (table 1). This food 
basket includes av erage quantities of 
foods purchased per urban w age
earne r and clerical family. 

Table 1. Retail cost, farm value, marketing� 
margin, and farmer's share of retail� 

cost of the farm food market basket,� 

1951 an d 1955� 

Mar· Farm-
Retail Farm keting ers' 

Year cost value marg in sh are 

(per cen l) 
1951 ..................... $1.026 $495 $531 48 
1955' .................. $962 $371 $591 39 
Cha nge ........... $-64 $- 124 $+60 

, As comput ed for the ye a r in November 1955. 
Sourc e: U. S. Department of Agr iculture. 

Cons um ers paid $64 less for this 
market basket in November 1955, 
than in 1951. Farmers received $124 
less for equivalent quantitie s of farm 
produce in November 1955, than in 
1951, when farm prices w ere at an all
time h igh. This sh ows that food pr ices 
at retail have declined in r ece nt years . 
However , only about one-half of the 
decline in farm p ric es was passed 

Reynold P. Dahl is assista nt professor, Depart. 
ment of Agricultura l Economics . 
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on t o consumers. The fact that the 
full amount of the farm pr ice d ecl ine 
w as not r eflect ed at the r et ail level 
w as due t o an increase in the m arket
ing margin. 

Farmer's Share Down 

The farm er 's sh are (the farm val ue 
of the m arket basket as a pe rcen tage 
of the retail cost) declined f rom 48 
per cent in 1951 to 39 per cen t in No
ve mber 1955. This is usually referred 
to as the farmer' s sh are of the con
sum er 's foo d dollar. 

F arm prices are m ore flex ible than 
marke ting m argins. When dem an d in-

BILLIONS OF DOLLAfi S 

Tola l Re' ail COIlT I 5 1Billion 
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Fig . 1. Total paymen t to farmers for food 
as a part of the tot a l retail cost of food in the 
United Stales, 1947 and 1955. 

creases, as in war t imes, fa rm prices 
ten d to rise fas t er than the market
ing margin. The farmer then r eceives 
a larger share of the consumer's dol
lar. When prices fall , farm p ric es tend 
to go down faster and the percentage 
going to farmers drops . In the depres
sion days of 1932, the farmer's share 
h it a low of 32, while in 1945 it w as 
53 pe r cen t . 

Another fa cto r has affected the 
spread in recent ye ars. As a r esult of 
surpluses , farm prices have com e 
down very decidedly from their post
World War II peak in 1947 and the 
K orean War peak in 1951. How ev er, 
because of a h igh level of activity in 
much of the r est of the economy, 
m any ot he r pri ces, including w age 
rates, h ave remain ed h igh or have 
risen further. These in cr eases have 
added to marketing cost s. Thus, in 

stead of marketing costs going down. 
lagging behind the drop in far~ 
prices, they h ave gone up, widening 
the spread. The sm all er percent age 
share of the consumer's food dollar 
going to farmers in r ecent years is a 
result of a combination of low er fa rm 
prices and r ising marketing costs . 

Food Marketing Bill 

Farmers receive d approximately 
the sa me total am ount for food they 
sold in 1955 as in 1947, but the cost 
at retail was $14 billion greater. That 
is, the m arketing bill increased by 
t hat amount . (F igu re 1.) 

The reasons for the marked in
crease in the total food m arketing bill 
were three-fold . 

1. The vo lume of food m arketed in 
1955 w as 9 per cent larger than in 
1947. 

2. More servi ces were performed 
by the marketing system, such as 
m ore pro cess ing and prepackaging. 

3. Cost s of perform ing marketing 
ser vices climbed sharply during this 
peri od . 

Labor is the most important factor 
in marketing services, so la bor costs 
a re the largest it em in the spread. 
Wages and salaries have accounted 
for 45 to 50 per cent of the total food 
marketing bill in recent years. Trans
portation costs account for another 
10 per cent. Packages and containers 
take another 5 per cen t. Other costs 
include rents, utilities, depreciation of 
plant and equipment, etc. The re
mainder represents profits of market
ing firms . 

Higher wage rates paid to labor 
in marketing which have not been 
offset by increased worker produc
t ivity are reflected in higher pe r unit 
marketing costs. U. S. Department of 
Agriculture reports show th at aver
ag e hourly wage rates paid marketing 
workers a re up 43 per cent since 
1947-49. Labor has become more pro
ductive; hence, labor costs per un it of 
product inc reased by a smaller 
am ount, 26 per cent. 

(Contin ued on page 8) 
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CHARACTERISTICS OF FARMERS FOR AND� 
AGAINST SCHOOL CONSOLIDATION� 

MARVIN J. TAVES 

"W HAT DIFFERENCES, if any, 
are there between farm peo

ple favoring schoo l consolidation an d 
those against it ?" 

To hel p answer this quest ion , w e 
gathered data from farmers in a com
munity of abo ut 1,500 . The m ajority 
of vo ters had shortly before rejected 
school consolidation. Th is inform ation 
w as supplemented by data from pub
lic records . Farmers in terviewed w ere 
the heads of households. H alf had 
publicly favored the schoo l r eorgani
zation proposal which wo uld have r e
sulted in consoli d at ion; the oth er h alf 
had opposed it . 

The consolidat ion quest ion arose in 
this community very much as it has 
in many of the state's rural comm uni
ties since World War II . The school 
dist r icts sur'rouridirig the village h ad 
for 10 to 15 years in creasingly sent 
their children to the public school in 
town. Dur ing th is period t her e was an 
increase in the community's b ir th rate 
which eventually resulted in serious 
overcrowding of the town school. 

The community-farm people and 
villagers-was faced with two alter 
nat ives: 

1. Enlarge the town school build in g 
(which the town school b oard was 
loathe to do without ass urance of 
continued financial suppor t from t he 
farm areas). 

2. Reopen the r ural schoo ls which 
had been closed for a decad e or so. 

Although the first alternative, the 
reorganization of the school districts 
and consolidation, had been turned 
down by the fa rmers of this com 
munity, it would appear that they had 
not consciously accepted the other 
alternative. 

The information obtained from the 
public records and interviews sho ws 
that in some respects the two groups 
were li ttle diff erent, in others very 
different. 

Similarities and Differences 

Those favoring consolidation : 

Had only slightly more children 
(2.76)� than those opposing it (2.67) . 

Were slightly farther from the 

country school (1.48 miles) than those 
agains t it (1.30 m iles) . 

Lived about a mile farther from the 
proposed consolidated school (7.6 
miles) than those who opposed it (6.7 
miles). 

Operated slightly larger farms (210 
acres compared to 194 acres). 

Consisted of more renters than 
owners. On ly 60 per ce nt of t he favor
ab le group owned a farm, while 84 
per cent of those opposed owned t he 
farm they operated. 

Had a higher average annual in
come. approximately $230 h igher 
than those who opposed consolidation. 
The average for tho se in favor was 
$3,895; for those against $3,665 . 

Were younger- aver aging just un
der 42 years in age, compared to 47 
for those opposing consolidation. 

Comparison of characteristics of farmers favor

ing and opposing school consolidation 

For Again st 

Size 01 family ................ 2.76 2.67� 
Dist ance from country sch oo l 

(miles) . 1.5 1.3 
Distance from pro posed school 

(miles) 7.6 6.7� 
Size 01 larm (acres) 210 194� 
Proportion of gro up who� 

owned ra ther tha n rented� 
farm 60 84� 

Average annua l Income $3 .895 $3 .665� 
Age of respondent (years) 41.6 46.7� 
Years 01 schooling compleled 9.6 7.5� 
Percenta ge 01 group who held� 

high school e duca tion to be 
important to farm bo ys and 
girls� 96 50 

Averaged two years more school
ing than t hose opposing a consolida
tion program, the averages being 9.6 
and 7.5 years, respectively . One would 
expect t hose favoring it to h ave had 
somewhat more schooling, since they 
are younger and the average level of 
ed ucation of farm people has risen 
steadily during the l ast generation. 

Were more favorable to high school 
education. On ly one of t he farmers 
who st at ed he believed a h igh school 
ed ucation to be impor tant to farm 
boys and girls was opposed t o re
organization. On the other h an d, h alf 
of those who held high schoo l educa-

Marvin J. Tav es is assistant professo r, Depa rt
men t 01 Rural Socio logy . 

tion for farm boys and girls was not 
important opposed reorganization. It 
wo uld , therefore, seem that a large 
proportion of those opposing consoli
dation may very well have opposed 
it not as a system, but were rather 
opposed to the general idea of high 
school education, especially for boys 
and girls from farm families . This 
they in turn associated with school 
in town. 

No differences were found between 
the groups on religious affiliation or 
political preference. 

Pro and eon 

The questionnaire provided the 
farmers with an opportunity to ex 
press their reasons fo r and against 
reorganization . Those favoring reor
ganization said they thought it would 
provide these advantages : 

1. Better all-round ed ucation (9 
replies) 

2. Better teachers (4) 
3.� Reduced cos ts (3) 
4. Greater opportunity for extra

curricular activity afforded by a 
larger student body and more ade
quately eq uipped plant (4) 

Two others expressed themselves 
as favoring reorganization but w ished 
to follow some plan which would per
mit reopeni ng of 'some of the open
country schools . 

Those opposing the reorganization 
program cited these disadvantages: 

1. Loss of adequate managem en t 
of the school or possible "poli ti cal in
fluences" on schoo l management 
which m igh t not be for the best in
terests of the community (3). 

2. Hi gh er taxes and increased ed 
ucational costs (3). 

3. Too long bus rides and long 
school days for the children (2). 

Two others stated that, in their 
opin ion , the present school was ac
ceptab le as it was. One farme r op
pose d reorganization because of " the 
temptation which the t own presents 
to schoo l ch ildren ," wh ile another be 
li eved that the in dividual student 
wo uld get t oo littl e personal at tention 
in the larger school. 
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Can HONEY BEES Be Used as� 
Alfalfa Pollinators in Minnesota?� 

KENNETH W. TUCKER 

I N RECE NT YEARS, the product ion 
of alf alfa seed in Min nesot a has 

b ecome an unpredictable undertak
ing. It is part of the Un iversity's pro
gram of research to determine wh y 
this is so and what can be done to 
lessen t he hazard of seed produc tion. 

Inadequate pollination is on e of the 
major probl ems. Obviously other fac
tors are important in successful seed 

Fig . 1. Untr ipped alfa lfa flower. The sexua l 
parts a re enclosed within the keel (k), and 
must be rel eased before cross-pollinc ticn can 
ta ke pl a ce . 

produc tion-such a s soil fe r tility, con
t ro l of injur ious insects, or use of im
proved variet ies- but there is no w ay 
of produc ing a profitable crop of 
quality alfalfa seed without cross
pollination . 

Cross-pollination is the t ransfer of 
pollen from the flower of on e plant 
to the flower of another pl ant . This 
is done almost en t irely by bees, as the 
illust r ati ons help to ex pl ain. To un
derstand alfalfa pollinat ion , h owever, 
we sh ou ld also know some features 
of the st ructure of the alfalfa flower. 

Befo re an alfalfa flower is visit ed 
by a pollinating bee, the sex ual p arts 

Kenne th W. Tucker is a research fe llow in th e 
Department of Entomology a n d Econo mi c Zoology . 
The inf orma tion in this article is based on w ork 
which is part of a comprehensiv e program of re
search by the Univ ersit y's Institute of Agriculture 
to determine the factors res pons ible for re duce d 
se e d y ie lds of a lfa lfa, al s ike clove r, sweet clover, 
an d red clover. and how to increase the yields. 
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are enclosed in the keel (k) of the 
flow er (figure 1). Before cross-p ollina
ti on can take place, the sexual par ts 
(s) .must be r ele ased (figure 2). The 
release of the sexual parts from the 
keel is known as t r ipping. Wh en a bee 
t rips an alfalfa flow er, the sex ual 
parts strik e the b ee on the under 
side of the head (figure 3). This bee 
then v isits a second flower on ano th er 
pl ant, r ep eats the process, and the 
flower is cross-polli nated . 

Some native bees, especially leaf
cutter bees and bumble bees, are 
super ior alfalfa pollinators where 
they are ab und an t. In m ost Minne
sota loc alities, howev er, there are n ot 
enough of these n ativ e bees to pro
duce a p rofit able seed crop. Attempts 
t o increase their numbers artificially 
have n ot been successful. 

H oney b ees, as in divid uals, are 
much less effec t ive alfalfa pollinators 
than n ative bees. How ev er , hon ey 
bees can be conc entrated in such large 
numbers that goo d seed crops can be 
produced under cert ain conditions. 

We cannot yet recom m end hon ey 
bees as alf alfa pollinato rs in Minne
sot a, but ou r studies hav e revealed 
som e reasons why honey bees are 
less efficient, and some conditions un-

Fig. 2. Tripped alfalfa flower. The sexual 
parts (s) have be en released from th e keel. 

Fig. 3. Honey bee on tripped alfalfa Hower. 
The sexua l parts (s) are un der the bee's head. 

del' which honey bees may be ex 
pecte d to succeed. 

The reason for the individual in
efficiency of nectar-gathering honey 
bees is that they learn how to get the 
nectar without tripping the alfalfa 
flow ers. When an inexperienced 
honey bee visits an alfalfa flower she 
trips it, usually becomes t rapped for 
an ins t an t, and must st rug gle to free 
herself (figure 4). The struggle seems 
to provide her with an unpleasant ex 
perience. By a process of t ri al an d 
error, she find s ou t that she can get 
nectar without punishment by enter 
ing the flow er from the side . She 
learns t o use the side appro ach onl y 
(figu re 5), and thereafter cross-pol
linates very few alfalfa flowers. 

Because individual honey bees a r e 
ineffi cient alfalfa pollinat ors, la rge 
numbers of honey bees are needed for 
alfalfa pollinat ion. According to our 
observations, there sho uld be an aver
ag e of at least two bees on every 
square yard of alf alf a bl oom during 
mo st of the bl oom ing period . An y less 
than this cannot be ex pected to pro
v ide enough pollination to set a pro
fitable seed cro p. 

To provide this n umbe r of bees on 
the alfalfa bl oom , three to five col 
onies of hon ey bees may be needed 
pe r acre depending on the amount 
of bloom in the surrounding area. Re
sults of field experiments in the 
Crookston ar ea indicate that if the 
alfalfa seed field is su rrounded by 
only completely weedless grain field s 

(Con ti nu ed on p age 8) 
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Fig. 4. Honey bee trapped in a tripped cl
falfa flower. struggling to free herself . 

(Contin ued f rom p age 7) 

with in a r adius of several miles, 
three st rong colon ies per ac re shou ld 
provide adequate pollin at ion . 

Probably good pollination can be 
expected with four colon ies per ac re 
if there are no fields of bloom ing 
crops, other than occasional sm all 
patches of roadside weeds, w ithin a 

3-mile radius of the field . Every addi
tional field of bloom in the area must 
have additional bees placed on it in 
order that there be enough bees to 
do an effective job of pollinating. 

Ev en a small field 00 acres or les s) 
should have at least 50 colonies pro
vided, since there is usually enough 
roadsi de bl oom from w eed s to divert 
m ost of the bees of a sm aller number 
of colon ies. 

It will probably be im possibl e to 
get the desir ed number of bees on a 
field if there is any appreciable acre
ag e of sweetclover blooming in the 
area. Other common flowers which 
are attractive to honey bees and may 
attract them m ore than alfalfa flowers 
are mustard , buckwheat, perennial 
sow thistle, alsike clover, and red 
clover. Ev en a sm all ac reage of these 
crops or weeds can considerably re
duce the numbers of bees on the al
falfa seed field . 

Promising r esults hav e been ob
tained using hon ey bees for pollina
ti on of second crop alfalfa in the 

FARM-TO-RETAil PRICE SPREADS .� 
(Conti nu ed f rom pa ge 5) 

An increase of 24 per cent in freight 
rates since 1947-49 al so has been an 
in flue nt ial item in the overall increase 
of pe r unit m arketing costs. Prices 
of goods and services purchased by 
marketin g agencies such as pap er 
board, m etal containers, fuel, and 
power al so h ave increased. 

Reference is frequently made to in 
cr eased profits of m arketing firm s as 
a major cause of in creased marketing 
costs. Preliminary estimates by the 
U. S. Department of Agriculture in
dic ate that to tal dolla r profits before 
taxes are little if any larger than in 
th e 1947-49 period. However , in re 
cent years they have been h igher than 
the pre-war per iod, 1935-39. 

Net profits after taxes as a percen t
age of stockholder equity in 51 food 
processing com panies averaged 8.8 
per cen t in 1954. The same figure for 
eight re tail food chain s w as 10.9 per 
cent. This compares w ith an averag e 
of 10.3 per cent for 3,442 leading cor
porati ons r ep resen t ing all major lines 
of business in the same year . Cons e
quently, profits of food market ing 
firms do not appear t o be ou t of line 
wi th those of other business firms. 
While th is m ay not be a good ba sis 

for a rguing that p rofit s are correct, 
we cannot logically argue that ex
cessive p rofit s are a major cause of 
hi gh marketing costs. The latest fig
ures show that profits account for 
about 8 per cent of th e marketing 
m argin . 

Reducing Marketing Costs 

Can m arketing costs be reduced? 
The compet iti on for labor must be 
met so even though labor costs a re the 
largest item, reducing wages is not 
feasible. If labor costs are to be re
duced it must come from more effi
cient use and great er productivity of 
labor. This may call for more and 
better equipment and im proved plant 
layout. 

Som e farmers know from person al 
ex peri ence of the reluctance to adop t 
new techniques in their cooperativ e 
creameries or other pl ants because 
of the capital investment involved. 
Other marketing agencies may show 
a sim ila r reluctance even when the 
ch anges would reduce op erating costs. 

Retailing is the costliest service 
pe r form ed by the marketing system. 
More than half of all workers engaged 
in food marketing ar e employed in 

Crookston area. Where the fields have 
be en isol ated fro m other bloomi ng 
crops, al falfa seed yields in experi
men tal fiel ds have ex ceeded 500 
pounds per acre. Further study is 
necessa ry before we can predict how 
ex tensively honey bees ca n be used 
profitably for alfalfa pollination in 
Minnesota. 

Fig . 5. Honey bee gelling nectar from the 
side of an untripped alfalfa flower. 

re ta iling alone. In the past much of 
th e efforts to reduce cos ts have been 
conc entra ted on wholesaling and local 
assembly, which are relatively inex
pensive . More research work is now 
being devoted to retailing. 

Conclusions 

There are no cure-alls for hi gh 
. marketing cos ts . Increased m ar keting 
costs re sulting from specialized agri
cultural production and more m ark
eting services are associated with an 
advancing economy. A primitive so
ciety has no marketing cost s. If more 
services are provided by th e market 
ing sys te m, cost s will continue to in 
crease. 

We must be careful to appraise 
figures on the farmer's share of t he 
consumer's food dollar in their proper 
perspective. Th ey are not a measu re 
of th e welfare of farmers as some 
folks imply. Th e fa rmer is primarily 
interested in th e total returns he ge ts 
fro m the sale of h is produc ts, less 
costs of product ion , rather than in his 
share of the con sumer's doll a r. 

Th is does not mean that econom ies 
and increased efficiencies cannot be 
made to help hold market ing costs 
down. With increased em phasis be
ing give n marketing r esearch in re 
cent years , prospects are that such 
economies ca n and will be made. 

M I NN ESOTA F ARM AND H OME S CI ENCE 
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were not approved because it was 
doubtful that the soil conservationLocal Organizations for 
districts had the necessary powers. 
Because of this, the 1955 Minnesota 
legislature amended t he soil conserWatershed Protection 
vation districts statute giving the dis 

VIRGIL C. HERRICK 

LOCAL GROUPS of farmers can 
now organize themselves for 

watershed protection under a law 
(Public Law 566) passed by Congress 
in 1954. The law is officially known 
as "The Watershed Protection and 
Flood Prevention Act." 

Congress had felt that flood pre
ve ntion and agricultural phases of the 
conservation, development, utiliza
tion, and disposal of water in the 
upper watershed were neglected. 
The Committee on Agriculture of the 
House of Representatives said, "The 
soil and water conservation activities 
of the Depar tm ent s of Agriculture 
and Interior do not reach far enough 
downstream and the flood control ac
tivities of the Corps of Engineers do 
not reach far enough upstream to 
meet and form a unified program." 

In order to have a complete conser
vation program, Congress thought it 
necessary to ass ist local groups of 
farmers in developing projects that 
were too large for a single farmer. 

Because this is a program of small 
projects, local cooperation is essential 
to success. Consequently Congress 
provided that the initiative for the 
program must come from local or
ga nizations. 

Requirements for Assistance 

Wh at are the requirements that 
must be met to qualify for P .L. 566 
ass istance? 

v A watershed or sub-watershed 
area must not exceed 250,000 acres 
(about 11 townships). 

vNo dam included in the project 
may exceed 5,000 acre-feet of capa
city. 

v Program funds may no t be used 
to provide any capaci ty for purposes . 
no t related to flood prevention (e.g ., 
for ir ri gat ion or recreat ion ). 

vAn application must be sponsored 
by a local organization. To qualify as 
an eligible sponsor, an organization 

must have authority under State law 
to carry out, main t ain, an d opera te 
works of improvement. 

In addition, the local organizations 
must: (1) obtain the necessary ease
ments and rights of way; (2) assume 
an equitable share of construction 
costs; (3) provide for operation and 
maintenance of projects; (4) acquire 
any necessary water rights; and (5) 
get agreements to carry out rec
ommended soil conservation measures 
and proper farm pla ns from the ow n
ers of not less than half the la nds in 
the dr ain age areas above the re te n
tion structures. 

Financial Assistance 

How much financial assistance may 
a local organization expect? The local 
people must assume the cost of the 
necessary easements and rights of 
way, and they must finance the ex
penses of operation and maintenance. 

In addition, they must assume the 
proportion of the actual cost of con
struction represented by the ratio be
tween direct benefits to local benefi
ciaries and total benefits. 

The Federal Government will as 
sume the rest of the cost of construc
tion and will furnish planning service, 
technical assistance, and installation 
services. The Federal contributions 
are substantial. They include collec
tio n and analysis of basic data, pla n 
ning of land- t reatmen t m easu res of 
farms, surveys, investigations of sites, 
layout, design, preparation of speci
fications, supervision of construction, 
and related forms of assistance. 

1955 State Law 

Shortly after the passage of P .L . 
566, some soil conservation districts 
in Minnesota made applications as 
local sponsors. These applications 

Virgil C. Her r ick is a n a ttorney on the s ta ll of 
the Production Economics Research Branch, Agri
cultural Res ea rch Service, U. S. Dep artme nt of 
Agriculture, and is working at the University of 
Minnesota. 

.........................................................:� 
: This article explains some legal aspects that local farm groups 
: must consider to receive assistance in seUing up their own local or- : 

•• ganizations for watershed protechon. 
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tricts the necessary authority. 
The legislatu re restricted the soil 

conservation district by adding to the 
amendment the provision that no fi
nancial obligation could be incurred 
in excess of available funds . Since the 
district does not have the power to 
tax, its ability to finance initial in 
stallations after an application has 
advanced through the planning stage 
would be lim ited largely to voluntary 
contributions. 

The legislature considered this 
amendment as emergency legislation. 
It was passed to enable soil conserva
tion dist ricts to act as sponsors during 
the early months of P .L. 566. Seven
teen localities in Minnesota have 
made good use of this amendment, 
submitting applications for assistance 
before April 15, 1956 . In each in 
stance, the soil conservation district 
acted either as sponsor or co-sponsor. 
Two of these applications were ap 
proved for planning, and the U. S. De
partment of Agr icu lture is now as
sisting the local spo nsoring agency in 
determining the needs of t he water
shed. 

Minnesota Watershed Act 

The 1953 Minnesota legislature ap
pointed a commission to study water 
conservation, drainage, an d flood con 
trol. In reporting to the 1955 session, 
they stated, "The Commission be
lieves that the m ost effective means 
for small watershed developmen t is 
the drainage and conservanc y dist ri ct. 
Th rough this agency fina ncial respon
sibility is established." 

With this thought in m ind , the 1955 
legislature passed the Minnesota 
Watershed act. Anyone familiar with 
the Drain age and Conservancy act 
will have little difficulty with the new 
act. The chief difference is that the 
new districts are formed by petition
ing the newly formed State Wat er 
Resou rces Board rather than the State 
district courts . It w as hoped that a 
hearing bo dy at the state level would 
bring about a more coordinated State 
program. 

District Organization• 
A watershed district is a permanent 

organization, directed by a board of• 
(Continued on page 11) 
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BLOUSE AND SHIRT FABRICS-

epttPH epmpared to /Vewer livers� 
MARY ANN MORRIS, LILLIAN o. LUND, and ETHEL L. PHELPS 

THE PRODUCTION of chemically 
manufactured fibers has intro

duced a new era in the use of tex
tiles. The characteristics of these fi
bers have seemed to be especially well 
adapted to certain uses, which in
clude blouses for women and shirts 
for men. 

The information available on the 
comparative merits of blouse and 
shirting fabrics made from the newer 
fibers is extremely limited . While a 
considerable number of studies have 
been reported on cotton shirtings, lit
tle has been published comparing the 
serviceability of these fabrics with 
those made from chemically manufac
tured fibers. Cotton in general has 
been satisfactory for sh ir ts and 
blouses and still accounts for a large 
per cent of total purchases. However, 
fabrics containing the newer fibers 
definitely have made a pl ace for 
themselves in this end-use. 

A coop erative study has been under 
way at the Minnesota and South Da
kota Agricultural Experiment Sta
tions in order to compare cotton fab
rics with those made of the newer 
fibe rs. Fifteen fabrics typical of those 
used for blouses and sh ir ts were se
lected from the retail market. The 
fabrics included two cotton fabrics, 
four of nylon, five of Dacron, one 
each of Orlon and rayon, and two 
composed of approximately two parts 
of Dacron and one part of cotton 
(table 1). No significance is attached 
to the numbers given the fabrics 
within each fiber group; they are 
simply for convenience of identifica
tion. 

The st ructure of a fabric will to a 
certain extent determine the comfort 
and durability of a material. Weave, 
fabric count, weight per square yard, 
and thickness are all measures of 
st ructure. The fabrics included in this 
study vary considerably in regard to 
fab ric count, however ev en the f'ab-

Mary Ann Morris is assistant professor of 
textiles and clothing at the Univers ity of Min 
nesota; Lillian O. Lund is associate home econo
mist at the South Dakota Agricultural Experiment
Station; and Ethel L. Phelps is professor emeritus 
of textiles and clothing, University of Minnesota. 
Part of the data included in this report is taken 
from Barbara E. Wilsey's thesis. presented in 
partial fulfillment of the requirements for the 
Master of Science degree at the University of 
Minnesota. 

rics with the lowest number of yarns 
per inch are all relatively high for 
blouse and shirt fabrics (table 1). 
This indicates that all of these fabrics 
are from medium to good quality. 

To the average consumer these fab
rics would all look similar-with the 
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Cotton and rayon fabrics both 
readily absorb moisture and there
fore it is not essential that these fab
rics be porous. The fabric itself ab
sorbs the moisture, which can be 
evaporated by the movement of air 
on the exterior surface of the ma-
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Fig. L Warpwise and fillingwise breaking strength in pounds of fifteen blouse 
and shirt fabrics tested. 

exception of cotton-2, Dacron-5, and 
Dacron-and-cotton-2, which are Ox
ford cloths. All are opaque fabrics and 
are of the w eight and thickness typi
cally used for sh ir ts and blouses. 
Closer examination, however, would 
reveal that there are other differences 
in weave structure, som e of the fab
r ics being of a more "open" type of 
weave. 

The ability of air to pass through a 
fabric is referred to as air perme
ability. A high value indicates a po
rous fabric through which air may 
freely move. The comfort of a blouse 
or shirt fabric, particularly in warm 
weather, depends to a large extent 
upon the permeability of the mate
rial. Fabrics made from fibers that 
do not ab sorb moisture (i.e. , Dacron, 
nylon, Orlon) should be con structed 
in such a way that air may circulate 
through the fabric, otherwise mois
ture on the skin will not evaporate 
and the wearer of the material will 
be uncomfortable, 

terial. Therefore, it would appear 
that nylon-I, -2, and -4 and Dacron-4 
in blouses and shirts would undoubt
edly be uncomfortable, because of 
their relatively low permeability to 
air (table 1), The cotton, rayon, and 
Dacron-cotton blends would be sat
isfactory regardless of their permea
bility because they can absorb mois
ture. The Dacron fabrics that ranked 
as the most porous of all the fabrics 
were constructed with "open" type 
lengthwise rib or basket weaves. 

The strength of a fabric is one in
dication of fabric durability. Some of 
the newer chemically manufactured 
fibe rs are extremely strong, and this 
feature is often publicized in order 
to promote their use. For the ma
terials included in this study only 
three of the fabrics-Dacron-I, -4, 
and -5-were outstanding in warp
wise strength when compared to cot
ton (figure 1). The fillingwise values 
for cotton-2 ranked higher than all 
but one of the nylon and three of the 
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Dacron fabrics. This would seem to 
indicate that cotton blouse and shirt 
fabrics may be produced that will be 
al most as strong as those made from 

the newer fibers, regardless of the 
superior strength of fibers such as 
nylon and Dacron. The maximum 
strength of these fibers is not utilized 

Table 1. Certain properties of blouse and shirt fabrics 

Fabric Weave 

Fabric count 

Warp Filling 

Weight 
per sq . 
yard 

Thick
ness 

Air 
perme
ability· 

Dimensional 
stability 

Warp Filling 

(number of yarns 
per inch) (ounces) (inch es) (per cent) 

Cotton 
Cotton 

Dacron� 
Dacron� 
Dacron 
Dacron 
Dacron 

Nylon 
Nylon 
Nylon 
Nylon 

Orlan 

Rayon 

1..................Plain� 
2..................Lengthwise rib� 

1..._............Plain� 
2..................Lengthwise rib� 
3.....~~.........Lenqthwise rib� 
4 .................Crepe� 
5..................Basket� 

1............~ .... Plain. reverse� 
2..................Plain� 
3..................Plain� 
4..............._Pla in� 

1..................Plain� 

1..................Plain� 

Dccron-Cotton l.........._..... Plain� 
Dacron·Cotton 2 .................Basket� 

150 
94 

82 
111 
136 
158 
160 

twist� 130 
132 
126 
102 

84 

155 

96 
67 

74 3.2 0.008 17 - 0.2 + 0.9 
50 4.0 0.010 31 - 0.3 + 0.9 

65 3 .1 0.006 138 0.0 0.0 
89 2.0 0.005 215 0.0 0.0 
97 2.4 0.006 178 0.0 0.0 

113 2.3 0.005 62 0.0 - 0.2 
111 2.8 0.007 191 + 0.2 - 0.9 

89 1.8 0.004 117 +0.1 + 0.3 
89 1.7 0.004 34 0 .0 +0.3 
76 1.5 0.004 170 -0.5 +1.1 
78 1.8 0.004 79 -0.9 -1.3 

69 2.1 0.005 155 - 0.8 +1.2 

98 3.0 0.006 58 -10.7 + 1.2 

76 3 .3 0.007 74 - 0.1 -0.3 
57 4.7 0.016 156 -0.1 -0.2 

* Cubic feet of air per minute per square foot of fabric. 

ORGANIZING FOR WATERSHED PROTECTION� 
(Continued from page 9) 

local men. Its objectives and powers 
are very broad. This gives the board 
con trol over pract icall y all water 
conservation and flood prevention 
problems within the district. It h as 
power, if directed by the district 
court, to take over and manage all 
drainage projects within the water
shed. In some localities in Minnesota, 
this power alone would make a water
shed district worthwhile. 

The powers given the district are 
sufficient to meet all the requirements 
of P.L. 566, with the possible excep
tion of obtaining agreements to carry 
out recommended soil conservation 
measures from the individual farm
ers concerned. 

The financial powers of the water
shed district are fashioned after the 
financial provisions of the Minnesota 
Drainage ac t. Thus the tax is a spe
cial tax based on benefits received. 
As in drainage proceedings, assessors 
are appointed, benefits and damages 
are ascertained, original costs are 
paid by the counties, liens are placed 
on the land, and the money is col
lected with other property taxes dur
ing a 10-year period. This period may 
be extended to 20 years if necessary. 
The district has other ways of obtain-
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ing funds, but they are special-pur
pose funds. 

Organization Shortcomings 

Each of the two types of organi
bations most likely to sponsor P.L. 
566 applications in Minnesota has a 
shortcoming. The soil conservation 
district lacks adequate financial pow
ers, and the watershed districts are 
still in the process of development. 

Apparently the solution to this 
problem is to have a soil conservation 
district act as initial sponsor or co
sponsor. This is adequate until actual 
construction is to begin. At that time, 
the local people can determine from 
the plans how much they must con
tribute for construction. At this point, 
a decision must be made. 

If the amount is small. voluntary 
assessment and coll ection might be 
used. As a supplement to this, money 
for the drainage aspects might be 
raised through ordinary drainage 
proceedings, money for roads and 
bridges might be collected from the 
county road and bridge funds, Agri
cultural Conservation Program funds 
might be pooled, and Farmers Home 
Administration loans might be ob
tained. The disadvantage of this 

because certain fabric construction 
features must be used if they are to 
be suitable for a blouse or shirt ma
terial. 

Another one of the featured char
acteristics of garments containing the 
newer fibers has been the fact that 
they retain their original size. None of 
the fabrics studied were found to 
change more than 1.3 per cent-with 
the exception of rayon, which shrank 
almost 11 per cent (table 1). Of these 
15 materials, all could be considered 
satisfactory in regard to dimensional 
stability, with the exception of the 
rayon fabric. 

It is evident from this report that 
while the newer fibers have many 
outstanding features, cotton compares 
favorably with them for blouse and 
shirt fabrics. There are other proper 
ties also that will influence comfort 
and durability and the Minnesota and 
South Dakota workers are continuing 
their study of the fabrics . These prop
erties will be studied and reported 
on at a later date. 

method is that it is piecemeal. 

When the local contribution is 
large. the coordinated financial policy 
of the watershed districts would be 
advantageous. It has been said that 
very few P.L. 566 projects would re
quire a watershed district because, in 
most instances, the structures would 
be sm all. If the P.L. 566 project were 
the only justification for forming a 
watershed district, this might be true. 
However, if the watershed concerned 
has recurring water and soil prob
lems, it would be beneficial to have 
an organization that possessed finan
cial powers and was devoted exclu
sively to water-management prob
lems. The answer to this problem de 
pends on whether the anticipated ben
efits from a watershed district out
weigh the cost of organization. 

A New Type of Proqrom 

Placing the initiative in the hands 
of local people creates a new type of 
Federal-local program. The philoso
phy behind this thinking appears to 
have wide support. But as with all 
new programs, it will take time to 
develop any proficiency acquired 
through the trial and error process. 
If given time to develop, P.L. 566 
should prove to be a valuable addi
tion to our conservation and flood 
prevention program. 
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HOW TO GET EARLIER TOMATOES� 
FROM YOUR GARDEN� 

R. E. NYLUND 

ONCE A TOMATO plant starts to 
produce ripe fruit , it continues 

to pro duce until killed by fall frosts. 
Thus, the earlier the tomatoes begin 
to ri pen, the greater the yield. 

Since the earliest tomatoes bring 
the highest price, market gardeners 
are interested in hi gh, early yields. 
For home gardeners, getting early to 
m atoes from the garden is almost as 
much a matter of pride as of pocket
book. 

We know that tomatoes need a long 
period of warm weather to grow best 
and to produce the mo st fruit. Unfor
tunately, our Minnesota summers are 
usually neither long enough no r hot 
eno ug h for the most rapid gr ow th of 
tomatoes. So we try to get around 
that by ce rtain t ricks of ga rdeni ng. 

Using Early Varieties 

We choose v ar ieties that gr ow rela
tively fast er at low temperatures, i.e ., 
" early" varieties. We al so "extend" 
the summer by sta r t ing tomato plants 
indoors. But if we start the plants too 
early in the spr ing, they are set back 
during transplanting to the field be
cause of damage done to the roots. 
In addit ion, if the plants set out have 
flower buds or flowers, cold weather 
may cause the blossoms to drop off
again delaying the fruiti ng. 

Other Cultural Practices 

Studies at the University of Min
nesota and els ewhere have shown 
that these problems can, to a great 
extent, be solved. Various means are 
used. Giving seedli ngs more space in 
the "flats" used in starting the plants 
indoors will result in less root dam
age during transplanting, and thus 
hi gh yields. Growing the plants in in 
dividual pots is even more effective, 
because the roots are practically un
disturbed in t r ansplan t ing. And ap
plying a fertilizer (starter) solution 
to the roots while transplanting less
ens the "sh ock" to the plants. 

Work at Michigan State University 
has shown one way of preventing 

R. E. Nylund is associate professor, Department 
of Horticulture. 

bl ossom-drop due to low night t em
peratures. The flower clusters are 
sprayed with a plant regulator, para
chlorophenoxy acid (PCPA). Past 
studies at Minnesota have also shown 
PCPA is very effective in improving 
early yi elds of tomatoes. 

Using early varieties, growing the 
plants in pot s, applying sta r ter solu
tions, sp raying the blossoms-each 
can help in crease early yields of to
matoes. But what h appens if all these 
practices are us ed? Do es each one in 
crease the effect, or is there a limit 
to the earliness that can be attained? 

Studying Earliness of Yield 

The Universi ty conducted an ex
periment in 1953 and 1954 to try to 
answer those question s. Two varie
ti es were studied to determine both 
the individual and combined effects 
of the fou r cultural p r actices on to 
mato yi elds and frui t size. Pritchard, 
a standard variety com mon in Minne
sota, w as one. Faribo E was the other. 
It is an F, hybrid of P ritchard and 
Earliana, develop ed at the University 
and known to out-yi eld both of its 
parents. 

The two vari eties were seeded in 
the greenhouse on April 13. When 
seedlings emerged, some were trans
planted to 3-inch clay pots and others 
spaced in flats, 2 x 2 inches. The 
plants were transplanted to the field 
during the last week of May, some 
of the flat-grown plants receiving 
one-half pint of a starter solution (l 
pound of 10-52-12 fer t ilizer in 10 gal
lons of water) and the r est one-half 
pint of water. All of the pot-grown 
plants received water only . 

In both years, the first and second 
blossom clusters of half of the plants 
grown in flats were sprayed with 
PCPA at 30 p .p.m. when 3 to 5 flow 
ers were open in the cluster. In 1954, 
half of the plants grown in pots w ere 
als o blossom-sprayed. 

Effect of Individual Treatments 

Since we are primarily interested in 
earl y yields (up to August 18 in these 
tests), only these yi elds and the fruit 

size will be discussed. Treatments 
which increased early yields also in 
creased total y ields, although gener
ally the increases in total yi eld were 
not as great. 

Variety- As an average of two 
years of trials, the following early 
y ields and mean fruit w eights were 
obtained from the two varieties in 
the test. 

Va riety 
Yield 

per a cre 
Weight 
of fruit 

FARIBO E 1.83 tons 3.7 ounces 
PRITCHARD 1.19 4.8 

Per cent increase 
with Farib o E ......... 54 % - 23% 

The hybrid, Faribo E, produced 
higher early yields of tomatoes than 
Pritchard, but the fruits were con 
siderably smaller. 

Method of Growing Transplants
Early y ields and average fruit size 
from pot-grown plants compared to 
flat -grown plants, as an average of 
the two varieties for the two years, 
were: 

Yield We igh t 
Type of plant per a cre of fruit 

Gr own in pots 2.04 tons 3.8 ounces 
Grown in fla ts 0.94 3.7 

Per cent increase f or 
pot·grown plants .. 117% 3 % 

Growing transpla nts in pots more 
than doubled the early yield of to 
matoes, but had n o effect on the size 
of the fruit . 

Starter Solution-In this experi
ment, in contrast to earlier ones, us
ing a starter solut ion when the toma
toe plants were transplanted to the 
field had no effect on early yields or 
fruit size. This is indicated by the 
table: 

Tra nspla nting Yield We ight 
treatment per acre of fruit 

Sta rter solution lAO tons 4.3 ounces 
Water 1.36 404 

Blossom Spray- Appli cat ion of the 
plant r egulator PCPA, as a sp ray, to 

(Conti nued on page 14) 
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J. J. CHRISTENSEN 

AT PRESENT fa rmers and grow ers 
are concerned abou t the po ssi

bilit y of con trolli n g ce real rus ts by 
means of sp r aying or dusting wi th 
fungicides. Why this great inte rest in 
the chemical con trol of rusts? Ch iefly 
because ste m rust st ill cau ses enor
mous losses in cer ta in years in the 
Up per Mississ ippi R iver Vall ey t o oa ts 
and wheat, particularly to the du
ru ms. 

Stem rust destroyed about 70 per 
cen t of t he du rum crop in the Unit ed 
States in 1953, 80 per cent in 1954, 
and 15 pe r cen t in 1955. During these 
same ye ars, stem r us t of oa ts caused 
an es t imate d loss in Minnesot a of 25, 
10, and 10 per cent, respectively, to 
the oats crop. In certain years the leaf 
rusts of w heat and oa ts al so cau se 
tremendou s losses. In 1953, cro wn 
rust reduced the yield of oa ts in Iowa 
by at least 25 per cent . 

Du ring the past four years, a great 
m any new and old fungicides in d if
feren t concen trat ions hav e been 
tested ag ainst rust at several ex pe ri 
men t st a t ions, esp ecially in Min ne
sota, Nor th Dak ota, K an sas, and Ne
baska. Ex ten sive tests also have been 
made at Winnipeg, Can ad a . Man y of 
the ch emicals ei ther con t rolled t he 
ru st effecti vely but were toxic t o the 
plant, or w ere in effective against the 
rust . A few proved w orthy of fu rther 
testing. 

The control of stem rust by che mi 
cal s is not a new idea. Attempts t o 
con trol rust by use of ch em ical sprays 
date back at least to 1900 . In the mid
dl e twent ies, the effect iveness of sul
phur dust w as r ep eat edly de mon
st r at ed in Minnesota and Can ad a. It 
was shown that th ree to five ap plica
tions of sulphur dust, at the rate of 
30 to 50 pounds per applicati on per 
ac re, would control ste m rust of 
wheat and al so increase the yields 
fro m 25 t o 100 per cen t. 

Although these experiments proved 
conclus ive ly that rust could b e con

. t rolled by m ean s of chemicals, the 
cost of m aterial plus cost of applic a
ti on prohibited thei r use. Further 
m ore, the amount of m aterial re

) . I . Ch r iste ns en is prof ess or and h ea d. De
partm ent of Plant Pathology and Bota ny . 
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quir ed for dusting the acreag e of 
wheat in the Up per Mis sissippi River 
Valley would be enormo us. Fo r the 
durum acreage alon e, it would r e
quire between 200 and 400 m illion 
po unds of sulphur. 

Recently many new fungicides such 
as Dithane, Zineb, and Actidione have 
been d ev el oped. These con trol rust 
effect ively and can be used in r ather 
small quantities in the form of sp rays . 

Some of the ch emical subs tances 
such as cal cium sulpham ate that ap
pear to be sys te mic, or at least par
tially so, are to xic to the plants when 
applied in concentrations sufficien t to 
con t rol rust. The ch emicals now com 
monly used are of a protec t ive na
ture; they do not er adic ate the di s
ease. Therefore, the first spray must 
be applie d before the rus t becomes 
wi de spread, an d then from three to 
five times dur ing the growi ng season. 

Fig. 1. Kernels from rusted wheat (left ) and non-rusted wheat (right). 

Exten sive tests in different ar ea s on 
suscept ible wheat s indi cate that rust 
ca n n ow be con tro lled economically 
w ith some of these newer compounds 
when ever there is a m oderate to se 
vere r us t ep ide m ic. Some of these 
new fungicides also will reduce the 
damage caused by other di seases, 
such as sca b and certain foli age di s
eases . At presen t, howev er, there is 
insufficien t expe ri men tal evide nce to 
indicate it is econo mical to spr ay with 
ch emical s - unless the variety of 
wheat is suscepti ble to r us t and there 
is an epidem ic of stem r us t. 

Mu ch progress has been m ad e in 
chemical control of rust. But there 
sti ll is a real need for an effect ive 
and inexpensive chem ical substance 
that will control rust of cereals when 
applied by airplan e at a relatively 
low r ate, and wh ich is not t ox ic to 
the plan t . 

Spraying is rather expensive. The 
cost per application of spray, includ
ing the material and operat ion , is 
abou t $2 per acre . Th erefore if th ree 
applications ar e m ad e it would cost 
approx im ately $6 per acre. At pres
ent , virtually all applications are 
made with ground sprayers. Experi
mental wo rk is now under w ay, how
eve r , to de velop m ethods by which 
effect ive material s can be applied 
from ai rplanes. Su ch t ests are now 
bein g m ad e in cooperation with the 
Nor thwest School and Experiment 
Station at Crookston. 

Obviously, frequency of ap plica
tion could be reduced if it were pos
sible t o predict accurat ely when r ust 
would first become prevalent in a 
give n area. At present no such fore
cast ing program ex ists. Also, it would 
be of great value if it were possible t o 

(Continued on page 14) 
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sionally m u ta tes ; it also commonly 
hybrid izes on the barberry. EitherCHEMICAL CONTROL OF RUSTS 

(Continued fr om pa ge 13) 

pred ict ep idemi c and non-epidemic 
years for rust. A t present th is is im
possib le. 

At t he Un iversi ty of Minnesota w e 
are investi gating sys temic compounds 
which can be applied to the crop onc e, 
or a t most twice, to gi ve protection 
against rust and st ill not be harmful 
to the plants. This work is under the 
direction of D r . J. B. Rowell, a physi
ologist employed by the United States 
Dep artment of Agriculture. 

Much progress has be en made in 
developing varieties of brea t wheat, 
oats , and barley that ar e r esistant t o 
the races of ste m rust now prevalent 
in this region . New r ust-r esist an t va
rieties of du rum are being increased, 
but it will be one or two years before 
there will be sufficient seed for ge n
eral distribution . Although there n ow 
are varieties of wheat and oat s "re
sistant" to stem rust, there are r aces 
that can attack them. Fortunatel y 
those races a re not prevalent in this 
area. 

This so-called "breakd own " of re
sist ance may happen t o other varie
ties released in the futu re. Why? Be-

EARLIER TOMATOES� 
(Continued from pa ge 12) 

the fir st and secon d flower clusters 
significantl y in creased the early 
y ields and fruit size of to m atoes. 

Blossom spray 
Yield 

per a cre 
Weigh t 
of fru it 

PCPA used ... 
No spray used 

1.76 
1.00 

tons 4.8 ou nces 
3.8 

Per cent increa se d
to PCPA 

ue 
76% 26% 

Ma ny of the tomatoes fr om P CP A
sprayed plant s were seedless or con 
tained on ly a fe w seeds. Such fruits 
would never have developed beyond 
th e flower st age if the blossom spray 
had not been applied. 

Effect of Combined Treatments 

As the foregoing tables h ave sho wn, 
three of the four cultu ral treatments 
increased early yields. What , t hen , 
was the result when these were ap 
plied in combinat ion ? Sin ce only in 

cause the stem r ust fungus is not 
sta t ic but dynamic. It consists of a 

Fig . 2. Chemical cont rol of stem rus t. Wh eat 
stems at left were not du sted ; stems at righ t 
were dusted once with sulphur. 

great many races or parasitic st rains, 
some of which can attack certain va
riet ies and not others. Also, preva
lence of the different races changes 
from time to time. Stem rust occa

1954 were the potted plants sprayed 
with P CPA, the dat a for that year 
will have to be used to get a valid 
comparison. The early y ields and av
erage fruit w eight can be summ ar ized 
as foll ows: 

Variety a nd 
Trea tmen t 

Yield 
per acre 

We igh t 
of fruit 

PRITCHARD 
fla t-grown. no 
blossom spray ......... 1.04 tons 4.7 ounces 

FARIBO E 
flat -grown. no 
blossom spra y 1.30 3.9 

pot-gr own. no 
blossom spray 2.75 3.9 

pot-grown. PCPA 
blossom spra y ...... 3.51 4.3 

By us in g the hybrid variety, Farib o 
E, early yield was increased f rom 1.04 
to 1.30 tons per acre. By st ar ti ng the 
Faribo E plants in pots instead of in 
flat s, early yi elds were in creased 
f rom 1.30 to 2.75 . tons . By spraying 
flowers of the Faribo E plants grown 
in pots with a pl ant regulator , early 
y ield s w ere increased from 2.75 to 

pr ocess can produce new par asi tic 
stra ins , some of which can attack 
h it herto resistant crop varieties. 

Not only do varieties differ greatl y 
in their susceptibility to rust, they 
also differ greatly in their tolerance to 
rust damage itself. Thus, in durum 
wheats, the yi eld of Stewart is usu
ally greatl y reduced when it is mod
erately infected with rust , whereas 
Sentry will yield fairly well with the 
same amount of infection. Therefore, 
in years when there is only a mod
erate amount of rust, it may be eco
nomical to sp ray Stewart for the con
trol of rust-whereas it may not be 
economical to spray t he variety 
Sentry . 

At present there is no evidence that 
it is profitable to spray cereals with 
chem icals in non-epidemic years. 
Chemical control is expensive. It 
should be considered as a stop-gap, 
not as a substitute for developing 
r ust-r esist an t varieties. In another 
year or two, there should be sufficient 
seed of resistant durums so that 
sp raying may be unnecessary-unless 
other new races of rust become preva
lent. 

3.51 tons. Thus, the best combination 
of cultural practic es gave 237 per cent 
higher y ields than the poorest com
binati on . 

Faribo E produces smaller fru it 
than the variety P rit chard, and using 
po t-grown plants had no effect on 
fruit size. However, t he blossom 
spray increased fr uit size so that t o
matoes f rom sprayed F ar ibo E plants 
av eraged only one-half ounce smaller 
than tomatoes from unsprayed P ri t
chard plants. 

Conclusions 

In sum mary, to get early tomatoes 
from your garden (1 ) select an early 
hybrid var iety, (2) grow the plants in 
pot s so that they can be transpl anted 
to the ga rde n w ith little or no root 
damage , and (3) spray the blo ssom 
clusters with a "hormo ne" sp ray 
when at lea st three of the flowers are 
fully open. 

(Hormone blossom sprays are avail
able in mo st garden supply stores. 
And this year, for the first time, th e 
spray can be purchased in ready -to
use aerosol bombs.) 
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ates a wid er range of planting and 
harvest in g dates, but Norghurn willGRAIN SORGHUM FOR 

MINNESOTA?� 
R. G. ROBINSON 

SOME MINNESOTA FARMERS are Minnesota and, to a sm all extent, for 
now growing grain sorghum- a sorghum syrup. Still another kind of 

major crop in Texas, Oklahoma, and sorghum is Sudangrass, which is 
Kansas, and a very important crop in m ostly used fo r pasture. Bro omcorn 
Neb raska , Sou th Dakota, and several 
other st ates. The dro ut h- an d heat
resistance of grain sorg hum have 
given it the name of "corn crop of the 
Southern Great Plains." Many Minne

,Sif.;EET SORGHUtvl 

sor ghum, us ed for broom s, is n ot 
grown in Minnesota. 

Kernels on grain sorghum head s 
are less than half -covered by hulls, 
and thresh ou t f r ee of hulls. Kernels 

SUDAN GRASS 

• 

G R!~I ~ SORGrtUM 

Fig. I. The hulls on grain sorgh um are completely removed in threshing . Note the relative 
size of grai n sorghum kernels in comp arison to corn. 

sot ans are in tereste d in grow ing grain 
sorghum on land diver ted from corn 
by the govern m ent farm program. 
Their quest ion is: "Will grain sor
ghum be a good substi tute for corn on 
my farm?" 

Some knowledg e of the ch aract er
ist ics of grain sorg hum is needed to 
an swer that question. 

Kinds of Sorghum 

Sin ce World War II, all commer
cially im por tant grain sorghum varie
ti es are shor t, combine-harvested 
typ es. Th ey sho uld n ot be con fused 
wi th the tall-growing sweet sorghum 
(sorgo or cane) r aised for silage in 

R. G. Robinson is assis ta nt pr ofessor, Depart. 
ment of Agronomy a n d Plant Gene tics . 
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on sweet sorgh um heads are more 
than half-cover ed by hulls, and the 
hulls re m ain on most kernels after 
threshing. Kernels on Sudangrass 
head s are comple tely covered by 
hulls, which remain on the kernels 
af ter threshing. 

Swee t sorghum kernels are bitter. 
Grain sorg hum kernels are pal atable, 
and are cons idered to have a feed 
value of 90 to 95 per cent that of 
corn . Grain sorghum st alks are of lit
tl e value ; gene rally they are left in 
the field after combin ing. 

Varieties of Grain Sorghum 

Norghum and Bellanca are the best 
varieties. Reli ance has a sli ghtly m ore 
v igorous seedling growth and toler

probably yield m ore under good con
dit ions. Although the y shoul d be 
pl anted la te r than corn, these varie
ti es gener all y mature about the same 
time as corn hybrids adapted to th e 
south central zone, 103-109 days. 
However, sorghum is qu ite variable 
in maturity. The upper kernels ripen 
early; the lower kernels in the head 
ripen later. Tiller (sucker ) heads 
ripen still later. Therefore, cool 
weather and earl y frost can reduce 
yie lds by preventing development of 
the late kernels. 

Norghum and Reli ance were de
velope d at South Dakota State Col
leg e by crossing and selection. Seed 
for planting can be save d from the 
commercial crop-provided it wa s 
grown isolated from othe r varieti es 
or kinds of sorg hum . Sorghum is 
mostly self -pollin ated, but there is 
consid erable natural crossing. 

Hybrid grain sor'ghums are a recent 
dev elopment. The better experimen
tal hybrids are rep orted to give in
crease d yields over pure-line varie
ti es, just as hybrid corn has giv en 
inc rease d yields over open-pollinated 
varieties. The Texas Agricultural Ex 
periment Station has been a leader 
in dev eloping m ale ste r ile lines and 
their use in hybrids. Our present in
fo rm ation indicates that the new hy
brids are too late-m aturing for Min
nesota, although we have not te st ed 
th em here. 

Popsorghum was tested in Anoka 
and Redwood Counties, but proved to 
be too late in m atur ity . 

Growing Grain Sorghum 

Cold soil at planting time, weeds, 
and grain moisture at harvest time 
are major problems in Minnesota. 
Sorghum needs a warm soil to germi
nate and grow. Cold weather after 
planting results in poor stands and 
in weeds. Young sorghum plants are 
poor weed competitors-and 2,4-D is 
n ot r ecommended for sorghum, un
less the weeds are extremely bad 
and can't be controll ed by cultiva
tion. 

Plant grain sorghum the last week 
in Mayor the first week in June. 
Treat the seed with Arasan or captan, 
at the r ate of 2 ounces per bushel of 
56 pounds. Plant no deeper than one 
inch. Use corn planter plates with 

(Continued on page 17) 
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Liming Needs of Minnesota's Soils� 
JOHN GRAVA and STEVEN PAWLUK 

A BOUT 6 MILLION acre s of Min
nesota cropland r equire imm e

diat e liming, accordi n g t o a survey 
m ade recen tl y by the Un iversity 's De
partmen t of Soils. To build up the 
lime r eserves in these soils , abou t 3.5 
million tons of liming materials 
should b e applied every year. Yet the 
tonnage of lime appli ed in 195 5 
amo un te d t o on ly about 400,000 ton s, 
some 12 per cent of the n eed . Obvi
ously the liming n eed s of Minn esot a 's 
soils ar e not being met. 

Three of the impor t an t r eas ons for 
this w ill be di scussed here. They are 
the natural t endency of our soils to 
become acid ; an uncertainty abou t 
the liming need s of a particular fa rm , 
county, or even an area; and, a t 
times, an inade quate knowledge of 
th e lime st at us of the subsoil as w ell 
as the su rface soil. 

Soils Tend to Become Acid 

The natural t en dency for ou r soil s 
is to becom e more ac id . The p ro cess 
is favored by the prevail ing cl im ate 
and st epped up by cultivati on. Acid
it y r esults from the removal of cal 
ciu m and m agnesium and the subs e
quent in crease of hydrogen in a soil. 
A sligh t acidity is desi rable, but a 
large amo unt is unfavorable t o the 
chemical and physical processes of 
the soil and is de t r imental to crops . 

L im in g can remedy an acid condi
tion in the soil. Agriculturally speak
in g, "lim e" is a compound of calcium 
ca rbonate and, someti m es, m agne
sium c arbonate as well. Lime applica
tions thus replace the calc ium and 
m agnesium which h ave been r emoved 
from the soil, to balance the hydrogen 
accumulation . This helps to satisfy 
the nutritive r equ irem en ts of crops 
as well as corre cting the acidity. Lim
ing is therefore the first requirement 
to be met in establishing a sound fer
tility program on acid soils. 

The benefit s of liming to crops and 
soils are qu ite well known to farmers 
and agr icultural w or ker s. But there 
m ay be an uncertainty abou t the 
needs of the soil at a particular farm 
site or� locati on . In addition t o in d i-

John Grava is a resea rch fell ow and super visor 
of the Soil Testing Labora tory ; Steven Pa wluk Is 
a research fellow in th e De pa r tme nt of So ils . 

AREAS 

I.� Over 60 per cent of 
soils need lime 

II. 40·60� per cent of soils 
ne ed lime 

r::::'l III .� 20-40 per cent of soils 
need lime 

~ 

o� IV. Generally neutral and 
h igh-lime soils - lime 
needed on less than 20 
per cent of soils 

Fig . I. Area s of Lime Ne eds in Minne sota . 

vidual soil tests there is in form at ion 
rea dily available to help eli min ate 
th at uncertainty. 

Lime-Deficient Soils 

Soils di ffer in their n eed for liming, 
becau se of several factors. The inter
action of climate, parent m ater ials, 
veget at ion , and cultivat ion deter
mines the exte n t of t he acidity. In 
areas where precipitation is excessive, 
th e water removes calcium and mag
nesium fr om the su rfa ce soil by leach
in g or ero sion. In addit ion , there are 
soils developed fr om a "parent ma
teri al " wh ich never did con t ain ap
preciable amounts of those el ements. 
Also, cultivation and cropp ing have 
depleted m an y soils originally w ell 
supplied with calcium and magne
sium . 

Leaching, erosion , and cropping 
fir st affect the surfa ce soils . The m ost 
common m ethod of m easuring su rface 
soil lime needs is to det ermine the 
"pH" value. This is a measure of the 
hydrogen ion concen t rat ion , a soil 
w ith a pH of 7 bein g n eutral. As a 

soil becom es more acid, its pH goes 
downward from 7; as it becomes in
creasingly alkaline, the pH goes up
ward fr om 7. Popular terms such as 
"sou r, " "acid," "s weet," or "alkaline" 
can be more precisely expressed with 
the pH value of a soil, determined by 
use of a meter or an indicator . 

Many farmers realize the advantage 
of soil t est s as a basis for estimating 
liming� needs, using the services of 
the Soil Testing Laboratory of the 
University of Minnesota. Test results 
of such samples are summarized an
nually by the laboratory; these sum
maries have helped in pointing out 
areas of lime-deficient soils in the 
st ate. The m ap (figure 1) illustrates 
lime needs of the surface soils (0 to 
6 inches in depth) as found in various 
soil associations. 

Area I occurs largely in regions of 
gray-brown, podzolic soils. The defi
ciency of lime in the majority of soils 
in this region may be accounted for 
by two main factors: (1) lack of lime 
in the ori ginal geological parent ma
terial, and (2) by leaching resulting 
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in the removal of the lime to lower 
levels in the profile. 

In this area over 60 per cent of the 
soils need lime, since most of the 
soils are acid in both surface and 
subsoil. Lime should be applied b e
fore legumes are see d ed, except on 
fields that h ave been limed recently 
or on low spots high in lime. In this 
area , lime also increases yields of 
crops other than legumes, because 
it increases the availability of phos
phorus and nitrogen. 

Area II. In this area betw een 40 to 
60 per cent of the soils need lime. 
Some of the subsoil s may be high in 
lime, even though the surface soils 
show pH readings below 6.3. Such 
soils may show little response to lime. 
The soils of the northern region are 
principally gray-wooded and have 
developed largely on calca r eou s geo
logical parent material. The soils in 
the southwest corner of the state are 
fine-textured prairie soils. 

Area III. Only 20 to 40 per cent of 
the soils in this area are acid. Actu
ally, many of the subsoils are high in 
lime, even though the surface soils 
are quite acid. Dar k-colored, medium
and fine-textured prairie soils are 
predominant in this region. 

Area IV. The soils are largely cher
nozems, silty to clay in texture. The 
soils of this area in general do n ot 
need lime. In fact , many of these 
soils may contain concentrations of 
lime that a r e injurious to crop growth 
and thus reduce yields. 

Importance of the Subsoil 

In recent years, the importance of 
the subsoil in supply ing nutrient el e
ments to the plants has been more 
widely recognized. It is now realized 
that lime recommendations can be 
m ad e more accurately if information 
on the li me status of both the surface 
and the subsoil is available. Chemical 
analyses reveal the reserves of cal
cium and magnesium, and the content 
of hydrogen, held at various depths 
in the soil. 

Some of the most desirable chemi
cal properties of the soil may be listed 
as follows: (1) a pH of 6.5 to 7.0 
(slightly acid to neutral), (2) calcium 
and magnesium should occupy about 
80 to 90 pe r cent of all the elements 
present on the exchange complex, 
(3) the hydrogen content should not 
exceed 10 to 20 per cent. 
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In t he li ght of these values, the 
lime needs of soils can be evaluated 
with greater certainty. Examples of 
two profiles from areas which vary 
in liming n eeds will illustrate this 
point. 

Table� 1. Ch e m ical p ropertie s of d iffe re n t s oils 
of Minnesot a (d ata from work b y 

P. R. McM ill e r a n d A. D. Kh an) 

Ca lcium 
Depth 01 and Mag-
sa mpling� nesium Hydrogen 
(inche s) pH (per cent ) (per cent) 

Fa ye tte silt loam, 
Houston County (A rea II 

0-2 6.3 67.0 23.0 
2-13 _... 4.3 32.3 67.7 
96-106 8.1 100.0 0.0 

Nicollet sil ty d a y loam . 
McLeod co un ty (Area 1111 

0-10 5.6 66.2 33.8 
23'/2-281/2 6.5 86.2 13.8 
28 112-33 .... 7.6 99.5 0.0 

The FayeUe silt loam from Houston 
coun ty r epresents conditions prevail
ing in the most lime-deficient area 
(Area I) . This profile was taken 
fro m a brushy, ungrazed woodlot. 
The comparatively high pH and the 
presence of cal cium and magnesium 
in the top 2 inches of soil apparently 
are ca used by th e decomposition of 
fallen leaves, and the release of these 
elements to the surface soil. 

The soil from a depth of 2 inches 
down to the depth of 8 feet has all 
the characteristics of a very lime-defi
cient soil : low pH, excess of hydrogen, 
and ex t rem ely low content of calcium 

GRAIN SORGHUM� 
(Cont inued from page 15) 

holes large enough to hold 3 to 5 ker
nels. Drill about 10 kernels per foot, 
or about 5 pounds per acre in rows 

Table 1. Comparativ e ave rage g rain y ie ld s of� 

g ra in sor ghum and corn in s ou th .� 

w estern Min nesota and in� 

Anoka County� 

Yea rs of Southwestern Anoka 
Va riety trial Minnesota County 

(pounds per acre) 
Sorghum 

Norghum 
Reliance ... 

1953-55 
1954-55 

3,774 
2,778 

2,083 
1,658 

Corn 
Minhybrid 

503, 607 
408. 

1953-55 5,176 1,037 

-10 inches apart. This should give a 
final stand averaging about one plant 
every 6 inches, which is about right 

and magnesium. The chemical analy
sis r eveals the presence of a lime ac
cumulation at a depth of 8 feet. On 
the basis of this information, it be
comes evident that there is extreme 
n eed for lim e in the area. 

The Nicollet silty clay loam soil 
from McLeod county indicates acidity 
or accumulation of the hydrogen as 
caused by the removal of the calcium 
and magnesium from the surface 
soi l. However, an accumulation of 
these elements is evident at the depth 
of about 2 feet. This soil may repre
sen t the conditions encountered in the 
pr a ir ie soils of the southern part of 
the state (Area III). 

Very intensive crop production pre
vailing in this area has rendered the 
soils more acid than no rmally antici
pated. Liming in this region has bene
ficial effects for the establishment of 
legume stands, the roots of w hich 
eventually reach the subsoil and 
thereby replenish the nutrient supply. 

In the near future it is hoped that 
fur th er r esea rch and more intensive 
investigations will enable the Depart
ment of Soils to estimate more accu
rately the individual lime needs for 
all soil areas of Minnesota. At present 
complete data is available fo r only 
some of these regions, and as yet, in 
many cases, lime r ecom m endati on s 
must be based on the surface 6 inches 
of soil as supplied by the individual 
farmer. 

for a medium-textured soil. Wise 
posternergence use of a spike-tooth 
harrow will reduce an excessively 
thick stand. 

Harvest by combining the standing 
crop. Moisture content of the kernels 
should not exceed 12 per cent for safe 
storage. Grain sorghum which is ma
ture an d dry cr acks easily and the 
small pieces are lost, so combine cyl 
inder speed and concave clearance 
should be carefully adj usted. 

Grain Sorghum vs, Corn or� 
Feed Barley� 

In order to compare sorghum with 
corn in gr ain production per acre, we 
planted adapted varieties of the two 
crops side-by-side for three years on 
farms in southwestern Minnesota and 
in Anoka County (table 1). The 

(C on t in u ed on p age 19) 
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If You Irrigate-- How Can You Tell When?� 
E. R. ALLRED and G. R. BLAKE 

ALTHOUGH our normal Minne
sota rainfall distribution pat

tern appears favorable, the number of 
farmers turning toward irrigation in
creases each year. The reason is not 
so much that the total amount of rain
fall is too small, but rather because 
rain do es n ot always come at the 
desired time. 

L. _ 
Fig. 1. Soil tube . 

F arm ers who do not own irrigation 
sy stem s a r e continuously appraising 
soil m oisture and estimating its ef
fec ts on their crops. Those who have 
irrigation systems are even more 
v it all y interested in methods of meas
uring soil moisture so as to ti me the 
application pr oper ly. 

How can you t ell when it is time 
to irrigate? Waiting until the plant 
shows a visual n eed fo r water is 
r isky; the crop may already have suf
fered permanent damage. Guessing 
is equ all y hazardous, because cr op re
qu ir emen ts and clim atic conditions 
vary so widely. 

For ideal con d it ion s, water sh ould 
be added to a soil sometime before 
the ava ilable moisture is depleted. 
Irrigation before it is necessary, how
ev er, may result in costly losses of 
water and plant nutrients. It also 
restricts aeration within the soil. On 
the other hand, any delay in apply
ing irrigation w ater when it is needed 
hinders normal cr op development and 
is not making effective use of the ir
rigation facilities. 

Measuring Soil Moisture 

A most useful tool for determining 
how much w ater is in the soil is a 
"soil tube, " such as that shown in 
figure 1. It is also the least exp en sive . 
The tube is pushed into the soil and 

withdrawn with a core of so il. With 
a little experience, a fairly close esti
mate of the available water can be 
determined by handling or squeezing 
the core of soil in the hand. 

Guides for the so-called "feel test" 
have been set up and are being widely 
used in irrigated areas. The charac
teristics to watch for are outlined in 
table 1. With this guide a farmer can 
improve his judgment of whether or 
not there is moisture available for the 
plant to use. Most field crops respond 
to irrigation when about 35 per cent 
of available water remains in the soil. 

An advantage of the soil tube for 
taking the sample is that it lets you 
observe moisture conditions in the 
root zone. The soil may be thoroughly 
dry in the few inches near the sur
face, yet h ave plenty of water at 12 
inches and below. 

Tensiometers 
Several instruments have been de

veloped for determining available 
soil moisture . The "tensiometer" con
sists of a porous clay cup buried in 
the soil at the depth of the greatest 
concentration of roots. The clay cup 
is connected by a tube to a vacuum 
gauge . The cup, connecting tub e, and 
gauge ar e fill ed with water. As the 
soil dries, water passes from t he cup 
to the soil to set up a vacuum within 
the tensiometer. 

Fig. 2. Tensiometers of various types. 

The suction of the soil for water is 
thus measured directly on the vacuum 
gauge. This suction is equal to that 
which a plant would have to over
come in order to draw water from the 

E. R. Allred is a ssociat e professor, Deparment 
01 Agricultural Engineering. and G. R. Blake. 
associate professor. Department of Soils . 

Fig. 3. Moisture blocks a nd types of in
struments used to supply current and measure 
the electrical resistance. 

soil. As the soil becomes dry, the suc
tion value becomes high. Various 
types of tensiometers are shown in 
figure 2. 

The chief disadvantage of the ten
siometer is that it ceases functionin g 
when about a third to one-half of the 
avail able water is used. Many field 
crops do not suffer greatly from lack 
of moisture until ab out two-thirds 
of the available water has b een used. 

Electrical Resistance Methods 
It has been known for many years 

that resistance to the flow of an elec- . 
tric current, within a given medium, 
changes with the degree of moisture 
of the medium. Because water is a 
good conductor of electricity, a sub
stance high in moisture content of
fers less resistance to the flow of elec
tricity than does a substance which 
is dry. This basic principle is used to 
measure indirectly the moisture con
ten t of soils. 

Small gypsum blocks, as shown in 
figure 3, are placed at the desired 
point in the soil. Embedded within 
the blocks are two electrodes, made 
by solder-tinning the ends of water
proofed electrical wire. An instru
ment for measuring the resistance is 
attached to the other en d of the wire 
when moisture measurements are to 
be made. 

After the block has been in contact 
with the soil for several hours, a 
balance between the water within the 
block and the water in the surround-
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ing soil is established. Thus, when con tent . The advan tage of the method 
the moisture content of the soil in  is that moisture readings can be made 
creases, moisture en t ers the block and r api dly. It is not necessary to t ake a 
and its r esi stance decreases. Simi- sample of the soil to the laboratory. 

Table I. Feel and appearance of soils with different amounts 01 water 

Percent of� Feel or appea rance of soil 
a vailable� 

w ater Coarse-text ured� 
remaining (sa ndy)� 

Dry ; loose, flow s through 
fingers 

50 or le s s� Will not form a ba ll 
w hen squ ee ze d in the 
hand 

50 10 '15� Will ba ll under pressur e. 
but se ldom hold s to
geth er 

75 Forms weak ba ll , b re a ks 
easily 

la rly, as water leaves the soil the 
block also loses it s water and the r e
sist ance inc reases. 

Several different types of equip
ment, all operating on the elect r ical 
re sistanc e principl e, have been de
velop ed. Blocks made of nylon or 
fiber glass,� inst ead of gypsum , are 
sometimes� used . One comm ercially 
made device h as the electro des 
mounted at� six-inch interval s (ver 
tically) alon g a tapered stake, which 
is placed in� the soil. Fi gure 3 also 
shows some of the mo re common in
st rumen ts availab le to supply the cu r
rent and measure the r es ulting r e
sistance within the b locks. 

In st ill other cases , the electrodes 
may be placed at the extrem e end 
of a small shar pe ned probe, which is 
forced in to� the soil at the de sired 
depth. A probe-type in strum ent for 
det ermining� soil moist u re has been 
dev eloped comm ercially and is no w 
available. 

To avoid errors, the block s should 
be in contact with the soil for se veral 
hours be fore readings a re t aken . Salt 
within the soil solut ion m ay al so enter 

. the block and cause d istorted and 
mi sleading resist ance values. 

Atomic Radiation Method 

Rec ently an atomic r adi at ion 
method has been developed for soil 
moisture determ inations . By this 
method a probe is inserted in the soil 
at the desired place and depth and a 
meter is read. The probe contains a 
neutron em itter and a neutron-sens i
tive tube connected to an el ectronic 
meter. The amo unt of radiation meas
ured is dependen t on the soil m oisture 

Medium-textured 
(loo ms , silt looms) 

Powder y, s ligh tly 
crusted . ea sily 
broken up int o pow 
de r 

Som e what crumbly . 
will ho ld toge ther un
der pressure 

Forms a ball. some
times slicks out un
der pr essure 

Very p lia b le , s licks 
re a di ly 

Fin e-textured (cla y , 
silly clay looms) 

Hard. baked. cra cke d 

Will ba ll under pre ss ure 

Sli ck , ribb on s out be 
tw e en finge rs 

Eas ily ribb on s out b e 
tween fingers, slick Ie el 
inq 

The neutron m ethod is ent irely un
suit ed to routine farm us e in it s pres
en t st ate of developmen t. It is bulky 
an d expens ive and can only be used 
on special li cen se by the U. S . A tomic 
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GRAIN SORGHUM FOR MINNESOTA?� 
( Continued f rom p a g e 17) 

Ano ka trials were on very po or sandy 
soil. A similar comparison of Norg
hum grain sorghum w ith Vantage 
feed b arley w as made for two years 
in sou thwest ern Minnesot a and at 
Rosemount (table 2). 

Table 2. Comparative average grain yields of� 

Norghum sorghum and Vantage feed� 

barley in southwestern Minne

sota and at Rosemount� 

Years of Southw estern Rose-
Va riet y tria l Minn esota mou nt 

(pounds pe r a cr e ) 
Sorgh um 

Norghum 1951-52 1,989 1,392 

Barley 
Va nta ge _....... 1951-52 2,570 2,112 

Sorghum yields were more variable 
than those of corn or barley. Years 
like 1955- when the .w eather w as 
warm at pl anting ti me, and warm 
and dr y at r ipen ing t im e--were very 
favorable. Years of cool w eather at 
pl anting and r ipen ing t imes were 
much m ore detrimental to sorghum 
than to corn. 

Moreover, yields tell only part of 
the story. Tractor-cultivation was su f
ficien t t o keep w eeds reasonab ly well 
con trolled in the corn pl ot s, while ad-

Energy Commission. It is a peaceful 
applica t ion of atomic energy, how
ever, that promises to be extremely 
us eful in research st udies. 

Conclusions 

Many farmers will not wish to in
vest in, nor give the necessary atten
ti on to, soil moisture m easuring in
st rum en ts. Those who do not should 
make special effort to become as pro
ficie nt as possible in the use of the 
"fee l test" and other observations. In
strumen ts of some kind are almost in
variably used on research plots, 
where it is de si rable to reduce human 
judgmen t to a minimum. Some record 
keeping is usually desirable where 
inst ruments a re used, so the varia
tions in moisture level can be easily 
foll owed . However, as with any m e
chanical device, maintenance may be
come a problem. Such instruments 
a re commercially available for those 
who w ish to make use of them. 

dit iorial hand work was gen erally 
necessary in the sorghum plots. Also, 
the use of gra in sorghum in Minne
sot a is mo stly limited to feeding li ve
stock on the farm where it was raised. 
Marketing for cash might be difficult 
in Minnesota. And in the case of crop 
fail ure, grain sorghum has very little 
salvage value. Corn, on the other 
hand, has considerably more value for 
silage or fodder . 

Summary 

Except under drouthy condition s, 
corn will ge nerally yield consider
ab ly more grain in Minnesota than 
will grain sorghum . Grain sorghum 
requires a long growing season; there
fore it is adap ted to southern Minne
sot a only . Because of the difficulty 
in getting uniform stands, controlling 
weed s, and problem s of har vest in g 
and marketing, grain sorghum would 
have to yield considerably more than 
corn to warrant it s use as a subst i
tute. Soybeans planted on land di
ver ted from corn by the farm pro
gram might prove to be m ore profit
able for Minnesota farmers than grain 
sorghum. And cash from the soybean 
sa les could be used to purchase feed 
grai n. 

19 



UNIVERSITY EXPERIMENT STATIONS� 
SCH EDU LE 1956 FI ELD DAYS� 

Northwest School 
and Experiment Station 

North Central School 
and Experiment Station 

Potato Breeding 
aJ----- Form 

Forest ry 
.-=f----Station 

West Cloquet 

Cent ral 
School and G 
Experiment 

Sta tion 

INSTITUTE OF 
Morris AGRICULTURE 

Fruit Breeding 
..-4=---1,--- Form 

..~~-----Agricultural 
Experiment Station 

Southern 
~;;------~~~- School and Waseca 

Experiment 
Station 

Location of Agricultural Experiment Stations of the University of Minnesota 

YOU ARE INVITED- The staff of the Institute of Minnesota; weed control demonstrations; and the re
Agriculture of the University of Minnesota co rdially sults of other vital ex perimental work. The Univer
invites you to attend one of the field days which the sity's top agricultural research men will be on hand 
Minnesot a Agricultural Experiment Station will ho ld to answer your questions and give brief talks on ex
during the summer and fall at its branch stations periments now underway. Your local newspaper, 
throughout the state. You'll have an opportunity to farm magazine, or radio and TV st a t ion will give 
see the latest tests on new and improved varieties of more details on the field days. In the meantime, plan 
grain , legumes , grasses, and other crops important to to attend and mark these dates on your calendar: 

JULY 6-Rosemount JULY 24-Crookston 
JULY 9-Southwestern Minnesota. H enr y Leitschuh JULY 26-Grand Rapids 

far m. Sleepy Eye JULY 27-Du luth 
JULY IO-Waseca SEPTEMBER IS-Beef-Grassland Day. Rosemount 
JULY 12-Morris 


