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 RESEARCH .. . ! 

--.f'J~ Growing Minnesota 
. - : ~ 

\Vhy Public Support
 
For Ag."icuhu."al Resear ( ~h?
 

W ill iam F. Hueg, Jr., director of the 
Minne sota Agricultural Experiment Statio n, 
a nsw ers a n important questio n. 

The question in the title refers to the broad ar ea of 
responsibility of the 53 State Agricultural Experim ent 
Stations which are part of the Land-Grant University 
System and the U. S. Depa rtment of Agriculture. As 
conceived many decades ago, researc h at the state sta
tions and by the USDA inclu des not only Agriculture 
but also Forestry, Home Econom ics, and in most in 
stances Veterinary Medicine. 

Wh at Is Agricultural Research? 

Research in any field is the asking of car efully struc 
tured qu estions and the answering of those qu estions by 
the careful methods of science. When ques tions and 
answers are of relevance to agri culture, their subs tance 
is agricultural. Th e methodology is that of science at 
large. So agri cu ltural resear ch is an important and inte
gra l pa rt of the overall 'science activi ty of the United 
States. 

In large measure, the Stat e Agricu ltura l Experiment 
Sta tions and the United Stat es De partmen t of Agriculture 
function to help achieve specific goa ls th at have been 
set by public ag reement. To achieve these goa ls it is 
imp ortant to know the factors and rela tionships that 
govern changes in them. To ask and answer the qu estions 
for each of the goa ls is, in fac t, what rese arch is about. 

With out resear ch the alternative means to achieve 
goa ls would be unknown . Without research we would 
be unable to identify the best means among alternatives. 
Without research we could achieve our missions only 
by accident, if at all. If there is purpose in public pro
grams, research must be a part of them. Th is is the role 

' of research in the missions of Agriculture, Forestry, and 
Home Economics. An additiona l role is that of building 
a store of basic knowl edge and of scientific methods from 
whi ch to draw in the future. 

Dr. Hueg 

Agricultural research is a systematic method of gain
ing accurate knowledge. It a lso reveals how that knowl
edge can be used to imp rove both rural and urban living. 
This knowledge is abou t hum an nutrition and health , 
about all living thin gs, and about all products of farm 
and forest-how to produ ce them, process them into 
the ir most useful form, and distribute them efficiently 
to consumers. 

Research at the Agricultural Experim ent Station pro
vides that knowledge. It a lso enables us to predi ct results 
and to develop decisions and policies on the basis of 
factu al information . 

Why Use Public F unds for Agricultural Research? 
Th ere are many reasons why public funds are used 

for agri cultural research. Foremost among these, an effec
tive program must include a broad base of fund amental 
science that industry seldom undertakes. A producing 
industry consis ting of millions of farmers is not able to 
orga nize a program of effective research . Further, agri
cultura l research is deepl y invo lved with vita l publ ic 
inte rest; therefore, a systema tic program is essential. It 
involves many face ts from which there is no promis e of 
immediate return . The use of public funds is economi cal 
because duplicat ion tha t can occur in highly competiti ve 
industria l research is avoided. Finally, the public shares 
in the benefits from the beginning. 

How Is D uplication Avoided in Public Research ? 
Th ere is some concern that a large research program 

such as that conducte d in the Stat e Agricultural Exper i
ment Sta tions and USDA may lead to duplication.. Noth 
ing is more incorrect. 

Each resear ch department head and each Experi
ment Sta tion research dir ect or is cha rged with seeing 
that duplicat ion does not occur and that research und er 

MI Nr\ ESOTA SCIE :'\CE 



3 

his direction is coord inated. T his coordination is within 
each state as well as among states an d between states 
and USDA agencies. Before pu blic funds are spent, re
search plans must be prepared and approved. Every 
research project of the USDA and the State Experiment 
Stations is on file at each location . This is a guide to the 
research worker, and it also serves as a check against 
duplication and as a means to achieve coordination. 

In addition, mounting costs of condu cting research 
make it necessary to avoid duplication. Good scientists 
are not interested in doing what colleagues have already 
reported. There is litt le future for the scien tist who 
duplicates the work of another except to check a resul t 
he believes invalid or to modify for local conditions. 

Recently a long-range study to develop a national 
pro gram of research for agri culture was completed . T his 
joint study involved personnel of the State Experimen t 

-Stations and USDA. In addition, industry scientists were 
asked to contribute information concern ing the types of 
research work und er way in the ir laboratories. 

Public Research- A F act In Our Time 

At one time agriculture carried a major share of the 
pu blic investmen t in research and development. Agricul
tu ral research pas t and pr esent has shown how pu blic 
supp ort of research and development can beenfit a total 
society. In 1940 the federal governmen t spent 74 million 
dollars in research and development; 40 percent of this 
wen t to agriculture and rela ted areas. In 1966, 16 billion 
dollars was spent by the federal government for research; 
1.6 percent of this went to agricul tura l research. Of the 
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app roximately 850 million dollars devoted to agricultural 
research and development in 1966, the Stat e Experiment 
Stations conducted 27 percent, the USDA 19 percent, and 
industry 54 percent of the programs . As to source of 
funds for agricultura l research and development, industry 
provides 55 percent, fed eral USDA funds 25 percent, 
sta te appropriations 14 percent, other federal sources 3 
percent , and oth er sources 2)2 percent. 

Public support of agricultura l research in its broadest 
sense is likely to continue. Certainly, shi fts in type of 
pro gram emphasis will be made over the next decades. 
In a st rongly agriculturally oriented state such as Minne
sota, the emphasis will continue on improving biological 
effi ciency of plan ts and animals; but gre ater attention in 
the future will be placed on the socio-economic factors 
whi ch affect not only rural but also urban areas of our 
state. 

It is important that citizens of Minnesota understand 
why the Minnesota Agricultural Experiment Station 
makes reques ts to the Legislature each biennium, not 
only for cont inued support of existing pro grams but also 
for expansion in those areas which need gre ater atten 
tion. 

Articles in this issue and in following issues of M inn e
sofa Science will deal wit h the nature of the research 
pro gram presently under way and will indicate the direc
tion for the futu re . 
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HAYLA6E
 
In C oncrete Silos 

Experiment Station research 

shows that silage of low er moisture 

content can save time and money. 

Jesse H . Pomroy 

Freshly harvested grass-legume mixtures may contain 
as much as 80 percent water. Wh en a farm er puts such 
a crop into a silo, he has to haul and handle 80 pounds 
of water for every 20 pounds of dry-weigh t feed . Wh en 
he fills a typical silo, he may haul and handle a hundred 
tons more water than his neighb or who fills a similar 
silo with a crop that is only 50 percent wa ter . 

Obviously, low-moisture materia l will result in less 
weight to haul. Not quite so obvious but noneth eless 
import ant are the savings in time, savings in lab or, sav
ings in machin e maintenance, and reduced freezing prob
lems. These advantages cannot be fully realized unl ess 
the crop is adeq uately protected from spoilage. Th e in
gredients of good silage are ( 1) a good crop pro perly 
handled and ( 2) a good silo. 

Silos date back to antiquity, but the silo as we know 
it tod ay is only about a hundred years old . What have 
we learned these past hundred years in making and 
keeping silage? Th e rul es for making good silage were 
spelled out in detail in books and pamphlets published 
before 1900. Th e rul es have not changed since then , but 
significant changes ha ve occurred in silos themselves, in 
the types of crops ensiled, and in methods of handling 
these crops. 

Professor Cha rles K. Otis , up to the time of his death 
in 1966, had spent 26 years investigatin g the properties 
of silage that affect th e design and safe opera tion of silos. 
His work covered the effect of juice on silos, silo pres
sures, silage density, silage temperatures, juice produc
tion, silage acidity, silage pr eservatives, silage distribu
tors, silo unl oaders, silo design, laboratory silos, silage 

Jesse H. Pomroy is an associa te Professor , Department of Agricul 
tural Engineering. Much of the informatio n in this article comes 
from research conducted in association with th e late Professor 
Charles K. Otis. 

losses, silage gases, silo capacities and silage quality. His 
principal emphasis was on storing grass-legume mixtures. 

Ever-chan ging trends in makin g and storing silage 
open up new areas for investigation. At present interest 
is growing in lower-moisture grass silage (haylage ) 
within the range of 40-60 percent moisture. Thi s has re
sulted in added requests for inform at ion regarding the 
physical properti es, practices, and limitation s to making, 
storing, and feedin g this "new" mat erial. 

Haylage Research 

Silage resear ch efforts since 1964 concerned ensiling 
haylage in a standa rd concrete-stav e silo. In 1964-65 a 
25-year-old , 14-by-45-foot experimental concrete-stave 
silo in good condition was filled with 78 tons of a grass
legume mixture in early bloom. A silo cap or cover was 
not used. The gree n mat erial was chopped to J~ - inch 

length after wilting, and 100 pounds of chopped corn 
and cobs per ton of green material was added to aid the 
fermentation process. Th e moistur e content of the ma
terial going in ranged from 31.8 percent to 68.9 percent , 
the weighted average being 50.3 percent. A mechanical 
silage distr ibutor was used, and hand leveling was not 
required in the silo except for the top six feet. If chemicals 
are added to the green material, a distributor is con
side red mandatory since some additives have a toxic 
effect on a man in the silo. 

Th e d istributor used in the experimenta l silo was 
mounted at the top of the silo and was rotated hy the 
action of the material and hy air from the filler pipe. In 
theory, the distributor revolving in a circle builds an 
inver ted cone with the heaviest material landing near the 
wall forming a relati vely uniform, dense mass; and it 
loads the silo more evenly, thereby redu cing the buildup 
of unu sual stresses. Obs ervati ons of the invert ed -cone 
buildup while filling, and core sample data taken 18 
weeks lat er, have verified the theory. 

Results and Analysis 

Data for figure 1, a cross-section of the silo and its 
contents, were obt ained from 84 samples taken from the 
undisturbed silage mass at 14 locations across the di
ameter of the silo and rep eated at 5-foot intervals to a 
height of 35 feet. The diagrams of density, moisture con
tent , and acidity represent what happened in the silo 
before feedin g. 

Th e density diagram of figur e 1 shows that the den
sity does not necessaril y increase with increasing depth, 
nor are the density variations in uniform layers. Rather , 
a patt ern of densities is developed that reflect the mois
ture content of the material at ensiling. Areas of high 
moistur e are often areas of high density. Also shown in 
figure 1, for each density layer a slight increase in density 
is evident near the wall. Thi s condition is highly desir
able because it helps to limit air infiltration throu gh the 
porous concrete wall and into the silage mass. 

Silage acidity, as indicated hy pH , is associ ated with 
quality. The lower the pH , the more acid the silage. Th e 
best silage will fall near the center of the range of pH 
values given below: 
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Figure I. Three sectional views of a silo, showing den sity, moisture content, ond ocidity of contents. 

- - - - - - - - - - - --- - - - - - - --- .,
 
THE ILLUSTRATION ON T HE FRONT COVER I 
is an artist's interpretat ion of the above diagram of I 
silo contents. Th e artist is Russell Barton, senior 
engineering assistant, Department of Agricultural I 
Engineering. Mr. Barton is also coordinator of the 
Town and Country Art Show held each year 011 1. 
the St. Paul campus of the University. • 

pH 3.D-Animal tr ials indicate silage is not accep 
abl e; too acid. 

pH 3.4-Most acid of palatable silages. 
pH 3.B-Least acid of good silage. 
pH 4.2-Increase in butyric acid; fair to good 

silage. 
pH 5.D-Stro ng butyric acid; putrefactive changes. 
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Th e pH of the test silage ranged from 3.8 to 4.8, with 
about 75 percent of the total having a pH of 4.2 or lower. 
This ind icates that a favorabl e ferm entati on occurred . 
Five months after filling, the silo was opened for feeding. 
After we remov ed the norm al top spoilage (no cover was 
used) , the remaining silage was rat ed good. 

An analysis of the low-moisture silage data, and a 
compa rison with results of former experiments with 
higher-moisture silage, revealed several interesting facts . 
Fo r example, freezing problems in the silo were reduced . 
In a climate where below-freezing weather can be ex
pected 147 days and below-zero weath er 30 days a year, 
the low-moisture haylage was found easier to remove 
eithe r hy hand or by machine. This redu ces lab or: and 
maintenan ce and increases mach ine life. 

Probably of more imp ortance is the fact that, although 
less weight is handled , the amount of stored dry matt er 
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is not significantly redu ced. Figure 2 shows the relation
ships of total weight of material ensil ed and weight of 
dry matter versus average moisture content. The upper 
curv e is tot al weight in the silo, and th e lower curve is 
dry matter stored . The cross-ha tched area between repre
sents the wat er being hauled from the field and put into 
storage. T he ranges of moisture content from field-cured 
hay, to haylage, to silage ( also shown on figur e 2) are 
not clear-cut, but blend one into another. 

A compa rison of data for two wid ely differ ing mois
ture con tents is presented in the following table. Note 
that although 100.3 tons less material was handled in 
196.5 and :28 fewer trip s were required to fill the silo, 
the dry weight of feed was 1.7 tons grea ter than the 
1954 figure. 

High-moisture silage and low-moisture silage compared 

1954 1964 Haylage 
Silag e Haylage Difference 

Loa d s required to fill silo 77 49 - 28 
We ig ht per load in tons, Avg . 2.3 1.6 - 0.7 
Total weig ht hauled, ton s 178.7 78 .4 - 100.3 
Dry we ig ht of feed, tons 37.2 38 .9 + 1.7 
Perce nt o f wa te r 79.0 50 .3 - 29.3 
W a te r in each silo, tons 141.5 39 .5 - 102.0 
Meas ured juice flow , ga l. 8827 0 -8827 

The removal of 102 tons of wa ter by wilting the 1964 
crop accounted for the 56 percent weight reduction and 
also eliminated the juice problem. The high-moistur e 
silage of 1954 resulted in a measured juice loss of 8827 
gallons in the first 15 days aft er filling. 

Conclusions 

Three years of data have shown conclu sivelly that in 
makin g low-moisture silage or hayl age: 

Labor demands are redu ced. 
Filling time is reduced . 
T ravel time and total distance traveled are re

d uced. 
Machinery life expectancy is greater. 
Silo capacity in terms of dry matter stored is not 

significantly reduced. 
No juice problem occurs . 
Silo unlo ading problems are reduced. 

Perhaps the fact of most importanc e is that good, low
moisture, grass-legum e silage can be made in existing 
concrete stave silos in good condition. Howe ver , more 
atte ntion has to be given to the filling process: Know 
your moisture content and stay in the 50 to 60 percent 
range; chop material fine ( Ji-inch ); distribute uniformly; 
fill fast, and cover well. 
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Problem Salts
 
In Minnesota Soils
 

This con dit ion can cause poor crops , 

and it is difficult to remedy. 

John M. MacGregor and Robert G. Munter 

Early in Ju ly, 1964, a farmer ph oned fr~m weste rn 
Minnesota. "What's wrong with my soybeans? he wanted 
to know. "Instead of bein g green they're a sickly yellow . 
Many have died , and the rest are doing poorly. " 

Soon aft erward we had a chance to visit thi s man's 
farm. He had heard that yellowing of plants- technically 
known as chlorosis- may be caused by lack of iron, and 
when we arrived he was spraying his ailing soybeans 
with a che lated iron compound. 

He was right about iron shortage as the cause of 
chlorosis, but to us a foliar spray seemed unlikely to be 
pr actical. So with his permission we e~perimen ta lly added 
heavy applications of two chelated ~mc compounds .a~d 
severa l chelated iron compounds dir ectly to the SOl I m 
parts of his soybean field . Unfortu nately, none of th ese 
at tempted remedies helped the soybeans. . 

Th e soil of this field was a type called Vallers silty 
clay loam . Th e striking thing to us was that tl?e s oy~ea n s 

were yellow and dying except where severa l tile drainage 
lines crossed the field . Above the tile, th e soybean pl ants 
were green and thriving . 

Th is could mean that the surface soil in this field 
lacked certain substances that ar e necessary for normal 
growth of soybeans. Maybe when the farmer laid the. tile 
he had turned up some richer deep soil th at contamed 
the need ed substances. 

On the other hand, perh aps the soil of this field con
tained substances harmful to soybea ns. If so, water flow
ing into the tile must have leached out the harmful sub
stances just above the tile. This second possibili ty proved 
to be correct. 

During our work we noticed that sandburs grew well 
in the problem field . Since the soil appeared to be norm
ally moist , and since san dburs ordinarily grow in drou gh
ty soil, we realized that the soil must be heavily load ed 
with solub le salts that were interfering with the uptake 
of water and cer ta in minerals. Thi s conditio n was pre
venting the soybeans from takin g up norm al amounts of 
iron from the soil, even though iron was plentiful. 

John MacGregor is a professor and Robert Munter is a research 
fellow, Department of Soil Science. 
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Tests of the soil pro ved this true. Where soybeans 
were prospering above the tile lines, salt content of th e 
soil was fa irly normal; but in parts of th e field where 
bean plants were yellow, the sa lt content was far too 
high for norm al soybean growth. 

Unfortu nately, little can be done to correct such a 
condition. Fortunately, areas with this condition are 
small and scattered in southern Minn esota, most ly in 
western counties; bu t larger areas of such salty soils oc
cur in the Red River Valley area. 

In a few counties in the southern corn ers of Minn e
sota the sur face soil is a windlaid mantle of silt th at varies 
in depth from a few inches to seve ral feet . In the re
maind er of the state most soils have developed from rock 
powder and finer fragments deposited by glaciers thous
ands of years ago. Some of the orig ina l glaci al deposits 
pro bably were high in soluble salts. In the Red River 
Valley, sa lty lake sediments lie on top of this glacial drift. 

Whatever their ancient origin, tod ay's soils have 
gradually evolved to their present form under the i?
fluence of varying climate, vegetation, and other soil
forming factors during the long, post-glaci al period. But 
afte r all these yea rs of modi ficati on, a few glacial soils in 
western Minn esota still have toxic amounts of salts in 
a few p laces. Salts often have been concentrated by 
being washed down into low spots. 

Salts and the Soil Solution 
To most people "salt" mean s tabl e salt- sodium 

chloride. Some soils do contain sodium chloride , but they 
also contain many other kinds of salts. Most of thes e are 
mixtures of carbonates, sulfates, and chlorides of calcium , 
mag nesium, and sodium. Th e kinds and amounts of the 
various sa lts differ from one soil to another, depending 
on their origin and the severity of weathering which th ey 
have expe rienced. 

Some water is always present in agricultur al soils. 
Since the sa lts ment ioned are all more-or-less soluble 
in water, the water of the soil is always a watery solution 
of salts. This is fortunate, becau se plants mu st get their 
minerals and wa ter from this soil solution. 

Id eally, the soil solution will contain just the right 
am ounts of water and need ed minerals. In some pla ces, 
however , the total amount of dissolved salts is great 
enough to be toxic to some crops. Toxicity of this sort 
may be slight- just enough to hinder growth and to 
lower yields a hit-or it may be so grea t th at growing 
a crop is impossibl e. 

A few spots in western Minn esota ar e so high in 
dissolved salts that crops can not grow. But many more 
ar eas have salt concentra tions just high enough to cause 
yellowi ng or stunted growth in certain salt-sensitive 
species of plants. 

Th e solubility of a salt in wa ter dep end s on its compo
sition. Carbonates are least soluble, sulfates more soluble, 
and chlorides most soluble. Scientists rate the solubility 
of a salt by notin g how many grams of the salt will dis
solve in 100 milliliters of cold water. A gra m is about 
half the weight of a thin dim e, and 100 milliliters is a 
short cupful. Th e following tabl e gives the solubilities. 
of the salts most common in soil. 
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Solubility of Salts in Cold Water 

Solubility 
Grams/IOO mlSalt 

36 
sodium sulfate 
sodium chloride 

20 
sodium carbona te 33 

magnesium chloride 54 
magnesium sulfate 26 
magnesium carbonate 0.01 

calcium chloride 60 
calcium sulfate 0.21 
calcium carbonate 0.001 

Salts other than those in the table ar e also present 
in soils, but because of their low concentrations or low 
solubilities they usually have littl e salt effect. 

Soil loses water in two principal ways: by evaporation 
from the soil surface and by transpiration from leaves of 
plants. If rainfall and snowfall together put more water 
on the land th an evaporation and transpiration together 
can remo ve, the excess water must either run off the sur
face or percolate downward through the soil. Percola
tion dissolves the more soluble salts that are near th e 
surface and carries them down to greater depths. Where 
th is downward percolation movement has been sub
stantial during the long period of soil formation, most 
salts have been carri ed down and away to rivers, and 
eventually to the oceans. 

However, where precipitation seldom has exceeded 
moistur e lost through evaporation and transpira tion, littl e 
or no percolation has occurred . In such pla ces, salts 
have tended to accumulate near the soil sur face, especi
ally in areas where drainage is poor. 

Salt Rim D evelopment 

In western Minnesota, precipitation du ring soil forma
tion was sufficient to remove more of the more soluble 
salts from the developing soils, except where drainage 
was impeded. The less soluble salts such as calcium and 

Figure 1. This aerial phato shows light-colored rims around former 
marshes that are now tile -drained and cropped. 

f 1
 

A. water .vaparat" from tho .Iightly .I.vated bardo, area. tho .ail act. like 

a wick drawing soil water containing salts by capillary movement. As wafer 

containing salts evaporates , the salts are left to [oncentrate neur the surface. 

Figure 2. Salt deposition by subsurface movement of water. 

magnesium carbonates remain in relati vely high concen
trations. These may elevate pH of the soil from neutral 
7 to alkaline 8.4, but their relatively low solubility re
sults in a low salt concentration and low salt activity 
in the soil solu tion. 

In the surface soil of the drier areas, salt concentra
tions may be high eno ugh to form a temporary white 
surface crust in year s of low rainfall. As the mean an
nu al precipitation increases and as evaporation and tr an
spiration pro portionally decrease, the salts are less evi
dent and show themselves only as "alkali rims." Though 

FL UCTUATING WATER LEVEL 

-_ rr ~_--= =-jf 

Figure 3. Salt deposition by direct evaporation of surface water. 

rims ar e common in western Minn esota, th e greater rain
fa ll there mak es them less spectacular and less noticeable. 
But as figure 1 shows, they are conspicuous in aerial 
photographs . Figur es :2 and 3 illustrate two ways in which 
salts may accumulate as a grayish, irregul ar shoreline of 
a form er ponding area. 

The More Soluble Salts 

Concentrations of the more soluble salts in the soil 
solution are of maximum importance, since the roots of 
many susceptible spec ies of plants apparently are unable 
to obtain adequate amounts of essential eleme nts from 
salty soils. As a result , susceptible plants are stunted , 
and their leaves rapidly turn yellow (chlorotic ). Wh ere 
concentrations of soluble salts are high, most plant s die. 

Chlorotic growth on moderately salty soils may be 
evident when plant growth has alrea dy been retard ed 
by a cold, wet growing season. Th e excessive soil mois
ture reduces soil aerati on, dilutes the soil solution, and 
increases the activity of sa lts. Th e low soil temperature 
also lowers the ability of roots to take up essential ele
ments. 

Entire fields of soybeans, flax, or other susceptible 
crops may be injured , but more often th e yellowing of 
plant s is limited to an acre or less. Many ornamental 
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and garden plants such as roses , strawberries, and rasp
be rr ies are affected. Varieties differ markedly in their 
susceptibility to moderate sal t toxicity, however. 

Ch lorosis such as we have described is typical of 
susceptible species on many calcareous soils in central 
and western United States. Scientists say it is caused by 
a deficiency of available iron. Here in Minnesota it has 
been studied intensively in both flax and soybeans during 
the past 10 years. 

The only succes sful treatment for chlorosis caused 
by extreme saltiness is a heavy application of expensive 
chel ated iron compound. This may be practical for small 
areas of home plantings, but it is far too expensive to 
use on field crops. Simpler iron compounds such as fer
rous sulfate can also be sprayed on chlorotic plants, 

. but any beneficial effect of such treatment lasts only a 
short wh ile and is not practical. 

Salt Concentration Meas urements 
Over an area ranging from southeastern Freeborn 

County to northwestern Kit tson County we sampled 166 
soil profiles during the past three years . Half of these 
soils supported plant growth that was chlorotic, stu nted, 
or both . The other half were samples taken for compari
son from sites a few feet away wh ere either soybeans, 
flax, potatoes, corn, oats, or wheat were growing well. 

The pH ( acidity) of each soil was de termined, and 
conc entrated water extracts were tested for total soluble 
salt content (by electrical cond uctivity ) and for indi
vidual content of sodium, calcium, magnesium, carbon 
ate, and sulfate . Also, we determined the chloride content 
of some of the most ser ious prob lem soils. 

Electrical conductivities of 0 to 2 miIlimhos indicate 

~ 1964 (251 

• 1965 1231 

• 1966 (38) 

• 
Figure 4. Loca t ions where sail profiles were collected. 
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soils with few or no plant growth problems, even where 
salt- sensitive plants are growing. Conductivities of 2 to 
4 miIlimhos forecast probable growth abnormalities in 
many vari eties of soybeans and in certain other crops. 
As conductivity increases, th e prob lem intensifies until 
at 16 milIimhos or more only the most salt-resist ant crop 
plants (such as barley or sugar beets) can survive. 

In our study of these local problem areas of western 
Minnesota, conductivity ranged as follows.
 

Less than 2 milIimhos 47 samples
 
2 to 4 milIimhos 35 samples
 
4 to 8 milIimhos 52 samples
 
8 to 12 miIlimhos 21 samples
 
12 to 16 miIlimhos 4 samples
 
More than 16 milIimho s 7 samples
 

Soils in th e last two groups had littl e or no plant 
growth. 

Lime (calcium and magnesium carbonates) was the 
apparent principal cause of soybean chlorosis in Steele 
and Freeborn Counties (south central Minnesota ), for 
solub le sa lt concentra tions were very low at these two 
locations. But und er the lower pr ecipitat ion of western 
and northwestern Minnesota, soluble salts such as so
dium, calcium, and magnesium sulfates were at much 
higher concentra tions. Thi s was especially tru e in poorly 
drained areas of Lyon and Lin coln Counties and north
wa rd to the Cana dian border. Here sulfates were the 
dominant salts, but the more soluble and more toxic 
chlorides increased rap idly to a maximum content of 
0.4 percent in some soil extracts from Marshall and 
Kittson Counties. 

Conclusions 
It is clear that plant chlorosis in an occasional small 

area in south centra l Minnesota is the result of high 
concen tra tions of lime carbonate in soils. Th is carbonate 
ups ets norm al plant nutritiona l balance by depressing 
solubility and availability of some essential nu trient ele
ment s. 

In western Minnesot a, problem areas of chlorotic 
growth are furth er affected by increasing concentra tions 
of calcium sulfate and by the more soluble sodium and 
magnesium sulfa tes acting along with the relatively 
large amounts of the less soluble lime carbonates. Such 
concentrations int erfere with plant nutrition by restrict 
ing intake of both water and essen tia l nutrien ts of the 
less salt-tolerant plant species. 

Although chloride concentrations are relati vely low 
in most soils of western Minn esota, the high concentra 
tions in the extreme northwestern counties are contrib
ut ing reasons for the pr esence of some areas entirely 
devoid of plant growth. 

Since the more toxic sa lts are more soluble, it is ap
parent that the most effective remedy for salt-induced 
plant chlorosis would be to imp rove the soil draina ge 
in affected areas. Th e less soluble lime carbo nates would 
be mor e slowly removed . But imp roved drainage would 
also increase soil aera tion and temper ature , pr ovidin g an 
imm ediate improvement in the soil environment for all 
plant growth. 
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FERTILIZER
 

PLACEMENT
 

FOR 

CORN 

Paul M. Burson 

Principles of corn fert ilization have not changed, but 
methods of fertilizer applica tion have changed to keep 
pace with new tech nology , increased requirements for 
seasonal labor, and changing economic conditions. Wh en 
a farmer looks at several new methods of fertilizer place
ment, he must consid er the advantages and disadvantages 
of each meth od and de cide whi ch method or combination 
of methods will be most profitable for him. 

The new methods of application and placement of 
fertilizer for corn were hrou gh t about hy the develop
men t of precisely calibrated fertilizing machines, by con
centrated fert ilizers of unifo rm parti cle size, by liquid 
fer tilizers, by fertili zers bulk-blend ed to meet the needs 
of particular pieces of land, by custom fertilizer broad
casting service, and ( perhaps most important ) by the 
great need to save labor during spring planting. 

Probably many people believe that when virgin land 
was first plowed it was highly fertile and just right for 
crops. Thi s may have been true of some land, but actually 
the land varied grea tly in fertility from place to place, 
and some areas were too rich in certa in mineral nutrient s 
but lacking in others. Th at is, much virgin land was eithe r 
infertil e or had the wrong ba lance of fertility. 

Th at original fertility, whatever its level, has been 
largely used up now by many years of cropping. As a 
result , soils of toda y will benefit from added fertilizers. 
How much fertili zer is needed ? Wh at kind ? Needs must 
he determined by soil tests. Th e tests will indicate just 

Pau l ~1. Bur son is a professor , Dep artm ent of Soil Science. 

Soil tests indicate the type and 

amount of fertilizer a cornfield 

needs , but the farmer still has 

to decide the best way to apply 

it. Many factors are involved. 

how muc h of each plant nutrient should be added each 
year. A farmer who adds the right combination and 
amount of fertilizer can establish a better balance of 
minera ls in his soil tha n that sam e soil had in pioneer 
days. 

Four principal methods of fertilizer placement are 
used today. They may be used alone or in numerous 
combinations. The four types are called broadcast plow
down, ba nd (or row ), pop -up (o r star ter), and supple
men tal. 

Broadcast Placement 

Soil tests should de termine the need for broadcast 
fertilizer , for it is used where the basic soil fertility level 
is average or lower. Its main objective is to replace 
natural fertility that has been removed by cropping and 
to restor e the proper level of fertility . 

Broadcasting of fertilizer is becoming popular with 
farmers because of the custom service available in fall 
from distributors of fertilizer. Th is service doubtless will 
become even more popular as the land needs more fer
tilizer to supply corn planted in closer rows and high er 
stand populations. 

Broad cast custom plow-down in the fall saves the 
farmer much labor at planting time in the spring. Further
more, blending companies are providing each farmer 
with prescription fertilizers suited to the needs of his 
fields as de termined by soil tests . In Minn esota ~e now 
have more than 600 licensed manufacturers and blenders 
of fertilizer, and about 90 percent of them are able to 
provide a farm er with some custom spr eading service. 

MINNESOTA SCIENCE 
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According to est imates, custom broadcast plow-do wn 
increased 150 percen t in 1966 and th en increased 50 per
cent more in 1967. 

lust br oadcast plo w-down be done only in fall ? It 
turns out th at fa ll is best by far be cause in spring the 
planting seas on is short, th e fields are wet, and heavy 
fertilizer trucks are restrict ed from tra veling soft roads. 

Band Placement 

Row placement is an other name for band placement; 
it has also been wrongly called "starter" pla cement. Ac
tua lly, th e corn roots must develop before th ey encounter 
the band of fertilizer , so band and starter placem ent s 
di ffer. 

Band-pla ced ferti lizer usually is placed 2 inches to 
the side and 2 inches bel ow the corn seed . This method 
enables a farm er to apply at planting tim e all the fer
ti lizer his corn will need for th e season. 

The old split-boot method of placem en t was all right 
until the new high-analysis fertilizers came along. When 
these strong chemica ls were app lied by th e split-boot, 
they injured the germinating corn . For that reason the 
hand method has replaced th e sp lit-boot method . 

Farmers know that as their row s are p lanted closer 
and their stands are denser th ey must apply mor e fer
ti lizer per acre. This need for more fertilizer has adde d 
to th e labor the farmer must devote to ban d fertilization, 
and that slows down spring planting. But th ere seems to 
be no limit to the am oun t of fertilizer th at can be applied 
in a ba nd . Hates as high as 2800 pounds per acre have 
been ba nded for corn without causing injury at the Soils 
Farm at our Rosemount Station. 

Again, in ban d placem ent a soil test should guide th e 
far mer in determining th e nutrien t ra io and the amount 
of fertilizer to apply. 

Starter Placement 

A sour ce of confusion lies in the fact that starter place
ment and band pla cem ent have both been called row 
placement. T rue starter ( or pop-up) placement puts a 
limited , known amount of fertilizer in contact with th e 
corn seed at pla nting tim e. 

Starter fertilization is not new; it is th e same as th e 
meth od used originally 40 yea rs ago before th e split-boot 
planter came onto the market. Good yie ld responses were 
ob tained in those days, but at that tim e th e soil still had 
some of its origina l fer tilit y reser ve. Now th at th at orig
ina l fertility is gone, broad cast fert ilizat ion is essential. 

Present-day band eq uipment ma y be used for starter 
p lacement. Wi th th e new fI exi-unit tool-bar typ e of 
planter, the fertilizer band shoe can he moved over in 
line with the planter shoe and th en rais ed to see d level 
so th at starter fertilizer will he placed right at th e sa me 
depth as the corn seed . Man y farm ers report excellent 
resnlt s with this arran gement. 

In some instances starter fertilizer ha s lengthened 
th e time un til emergence of corn see dlings, but striking 
growth occurs about 10 da ys aft er emergence. At that 

VOLUM E 24, NO . 2-W INTEH 1968 

Attachment far running dry starter fertilizer into planter shoe . 

tim e the growth becom es faster than with any other 
method of appli cation. This rapid early growth causes 
tasseling an d denting to occur 4 to 6 days earlier. 

At Rosemount during the last several years we ha ve 
found that th e ratios of nitrogen-phosph ate-potash in 
starter fertilizer should be 1-2-1, 1-3-1, or 1-4-1, an d that 
nitrogen and potash together should not exceed 20 
pounds per acre. 

Our studies also show th at by broadcast plow-do wn 
of fertilizer we can reduce th e amount of total nitrogen 
and potash in th e starter fertiilzer. In fact, too mu ch 
nit rogen and potash applied with the seed will injure 
the germina ting p lant and lead to poor stands. That , of 
course, lead s to a poor yield. Our recent experiments 
indicate that after plow-down of broadcast fertilizer the 
total application of nitrogen and potash may be reduced 
to 12 to 15 pounds per acre. 

Starter fertilizer alone can not supply the total re
quirernents of corn because it can not be used in heavy 
amounts without causing injury. Therefore starter place
ment mu st be used in conjunction with other methods 
of placem ent, or on soils that are already high in basic 
fertility. 

Pho sphate is important in starter fertilizer because 
phosphate is a good root developer, as indicated by root 
studies conducted at Rosemount Station some years ago . 

W hich Method or Combination Is Best? 

Our check plots and expe rimental plots at Rosemount 
received 130 to 140 pounds of nitrogen per acre, either 
side-dressed on first cultivation or broadcast and plowed 
down before planting. Ch eck plots re ceived no additional 
fertilizer. Other plots received fertilizer of the type and 
amount th at th e soil need ed , as indicated by soil tests. 
This fertilizer was applied by one or more methods: 
sta rter alone , starter plus band, band alone, band plus 
broadcast , and so on. Yield results are shown in the 
following table. 
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Corn plan ts in four check rows (center) are shorte r tha n sta rt er -fertilized 

Corn yields after various methods of fertilizer placement" 

Pla cement Method Bushels of corn per acre 

No broadcast Broa dca st 

Check 127 140 

Band ... 128 142 
Sta rte r 135 145 
Ba nd plus starter 136 14B 

• Ratio	 and quantity of fertilizer in band and broadcast tre a tments wer e 
matched to the basic needs of each field as det erm ined by sail tests. 

In addition to all other applications of fertilizer, check 
and experimental fields also received 130 to 140 pounds 
of nitrogen per acre, either side-dress ed ( on first cultiva 
tion) or broadcast ( and plowed down before planting) . 

In these experim ents the br oadcast fertili zers had 
nitrogen-phosphorus-potash grades of 4-12-24, 0-20-20, or 
0-12-36, depending on needs shown by soil tests. Rate of 
application was about 500 pounds per acre . 

Band fertilizer was 4-12-24 at 300 pounds per acre 
or 6-24-12 at 200 pounds per acre, the type and amount 
again being adjusted to the needs' of th e soil and crop. 

In addition to the above work , another tri al was made 
on low-fertility land where check yields witho ut fertilizer 
returned only 60 bushels of corn per acre . Broadcast fer
ti lizer alone raised the yield to 80 bushels per acre. 

plants on either side. 

Supple mental Placement and D isk-In 

The method tha t is called supplementa l placement 
has to do almos t entirely with the sidedressing of nit rogen 
by means of a sidedresser atta chment on the cultivator. 
However, as corn row spacings become narrower, it is 
more diffi cult to use a sidedresser. The meth od is be
coming so out-of-fashion that at present it is impossible 
to bu y a sidedre sser for a narr ow-row cultiva tor from 
some implemen t companies. 

At our Rosemount Sta tion, nitr ogen that has been 
broad cast and plowed down is just as effective as side
dr essed nitrogen. But when the nitrog en is broa dcast 
and disked in after plow ing, the results have not been as 
good in our trials. This is because the nitrog en is not 
pla ced as deep nor as well distributed in the plow depth, 
and because later on moisture may not be sufficient to 
carry the nitrogen to root level. 

Any time is a good time to plan a pro fitable fertilizer 
prog ram. In looking over the several changing concepts 
of fertilizer placement, a farm er must consider the ad 
vantages and disad vantages of each metho d; then he 
must determin e which method or combination of meth ods 
will be most profitabl e und er his conditions. 

Each method of fertili zer placement has a specific 
purpose, so choose the meth ods that best fit your land , 
your type of ope ration, your labor situa tion, your equ ip
ment, your fertility needs, and your yield goals. 

MI NESOTA SCIENCE 
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Confined to Siva17lps No Longer
 

Reed Canarygrass
 

Outscores Brome
 

As Upland Pasture
 

Surprisingly, cattle thrive on reed canary

grass grown on mineral soils. Important 

new research at the Minnesota Agricultural 

Experiment Station shows that this grass 
should be much more popular than it is. 

Gordon C. Marten 

Bromegrass and reed canarygrass 
have been with us a long time. Smooth 
brome ( Bromus inermis) has been 
cultivated in the United States since 
the early 1880's. It has gain ed prom i
nence for pas ture, hay, and silage. 
Animals like bro me so well that far m
ers consider it one of the most pala
table grasses for livestock. 

The first Minnesota plantings of 
reed canarygrass iPholaris aruruli
nacea) were made in Blue Earth and 
LeSueur counties during 1899. Con
flicting reports have ap peared regard
ing reed canary's virtue as a forage. 
It is generally considered higher yield
ing than brome, but it has an inter
national reputation for bein g unpala
table and for being pri marily a swamp 
dw eller. 

G. C. Marte n is a USDA research agrono
mist (Crops Research Division of ARS) ' and 
also an associate professor, Department of 
Agronomy, University of Minn esota. ]. D . 
Donker is a professor, Department of Animal 
Science, University of Minn esota. 
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and John D. Donker 

Th e Questions 

Because of the conflictin g opinions 
abo ut reed canary, we felt that it de
served a carefu l study to det ermine 
its good or bad points. Accordingly 
we planned a resea rch pro ject to an
swer the following questions. 

1. Unde r Minnesota conditions, how 
palatable to cattle is reed canarygrass 
pasture compared with brome pas
ture? 

2. If reed canary proves to be less 
palatabl e than brome, is this impor
tant when cattle are not given any 
other grass to graze? 

3. Since ree d canary has often been 
considered a swamp grass, how well 
will it perform as pas ture compared 
with brome wh en both are grown on 
upland mineral soil? 

DRY MATT ER
 

YIELD
 
4. 4 

(Tons/Acre t 

4 

3 

2 

No N 140 lb. N/A 

o 

Figure l. Yield of brome and reed ca narygrass 
in tons per ac re (total of three harvest s during 
year before perfo rmance study ). 
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Yield and Pa latability 

We carried out this resear ch at the 
Rosemo unt Stati on using Ho lstein, 
Shorthorn, and Guernsey heifers as 
test animals. Dur ing the first year of 
the experim ents we plant ed 12 small 
plots- six of bro me and six of reed 
canary- in rando m arrangement to
gether in a single pas ture area. Three 
of the bra me plots and three of the 
reed canary plots were fertilized at 
the rat e of 140 pounds of nitrogen per 
acre . 

To measur e yields and palatabilities 
of the two grasses, we clipped small, 
represent ati ve are as of each grass and 
weighed the clippings both before and 
and after the cattl e had grazed. Dur 
ing the grazing period the first sum
mer, the heifers range d freely over 
all 12 plots, grazing wherever th ey 
chose. 

Figure 1 shows the yields of hath 
grasses in three combined pasture
stage harvests. Note that reed canary 
outyielded brome and that 140 pounds 
of nitrogen per acre nearly doubled 
the yields of both grasses . But as 
figure 2 shows, the animals ate more 
brame, ind icating that they liked it 
be tter. 

PA LATAB ILITY 

( '70 of d ry malt er
 

consum ed)
 

80 
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o 

Figur e 2. Pa la ta bility of brome a nd ree d ca nary 
g ra ss when ca tt le ha d free cho ice. 
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Pe rforma nce of Heifers 
on Both Grasses 

Dur ing th e next 4 years we ran a 
performan ce study in which some ani
mals pastured on reed canary and 
others pastured on brome. Each grass 
was divided into two types of pasture. 
One typ e received heavy grazing 
(which used up nearl y all available 
forage ) , and the other type received 
light grazing (i n wh ich the number 
of animals was low enou gh to leave 
abo ut one-third of the forage un 
grazed ). \Vhether grazing pressure 
was heavy or light , the lack of pala
tability of reed canary was economi
cally unimportant when the heifers 
were not given a choi ce of pasture. 

As shown in figure 3, the average 
da ily gain per heifer on either grass 
was greater with ligh t gra zing pres
sure during the 4-year study. Heifers 
allowed to leave some of the pasture 
ungrazed ( light pressure ) selected 
high er-quality forage, and each ani
ma l ga ined an avera ge 1.7 pounds per 
day on either kind of grass . T his was 
only 13 pe rcent more per heifer than 
the 1.5 pound gain per da y hy heifers 
forced to eat practically all of the 
grass availahle. 

So, measur ed in gain per heifer per 
d ay, the two grasses were equal. But, 

AVER AGE
 
DAILY GAI N
 

(Lb. pe r he ifer) 

2. 0 

1.7 1.7 

... 
:E 
o 
<II:
 
CD
 

LI GHT HEAVY 
PRESSURE PRESSURE 

Figure 3. Average daily gains of heifers on 
brome or reed canary , light and heavy grazing 
pressures. 
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as figur e 4 shows, reed canary was 
supe rior in carrying capacity-the 
number of heifer-days of pasture fur 
nished. This superiority was 16 per
cent on ligh t grazing and 23 percent 
on heavy grazing. Not e also that on 
the average heavy pressure provided 
32 percent more heif er grazing days 
than light pr essure. 

Summing up (figure 5), reed canary 
produced considerably greater he ifer 
gain per acre than brome. The average 
of 20 percen t more heifer product 
with reed canary was du e d irect ly to 
the greater yielding capacity and per 
sistence of this grass compared with 
hro me. 

He avy grazing pr essur e also pro
du ced a 20 percen t increase in heifer 
gain per acr e over ligh t pressure, in 
spit e of red uced average daily gains. 

Th e heifers mad e excellen t gains 
per acre-41.5 to 574 poun ds. Un 
doubtedl y this was du e to good man
agement prac tices, including rota
tional grazing and fertilization with 
200 poun ds of nitrogen per acre per 
year. Also, the grasses were not grazed 
in spring until they reached 6 inches 
high, and they were never allowed to 
grow taller than 2 feet (see ph otos ). 
All pastures were clipped once aft er 

HEIFER 

G RAZING DAYS 

PER ACRE 
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LI GHT HEAVY 
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Figure 4. Heifer graz ing days provided by brome 
an d reed cana ry under light and heavy grazing 
pressure. 

the second round of rotational grazing 
each year. 

Conclusions and Recommen dati ons 

The results of these studies led us 
to the following con clusions. 

1. Since heifer gain per acre was 
20 percent grea ter on reed canary, we 
recommend it ra ther than brome for 
pasture situations in which pure stands 
of grass are desirable. This might be 
on a farm where soil conditions make 
growing alfalfa more expensive than 
growing nitrogen-fertilized grass, or 
where legume-indu ced bloat is a 
problem. 

2. Although reed canary was not as 
pa latable as brome, this factor was not 
important, as it had no influence on 
average daily gains under prop er 
grazing management. 

3. While heavy grazing pressure 
(which forced the heifers to eat nea rly 
all the forage available) caused sligh t 
ly lower average daily gains per hei fer, 
it allowed enough extra animals per 
acre to resul t in a 20 perc ent increase 
in tot al gain of heifers per acre . There
fore, if the primary goal is not to pro
duce fat beef for market but to pro
mot e adequate gains of growing ani
mals, a heavy grazing pressure is 
recommended. 

HEIFE R GAIN
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Figure 5. Heifer gain per acre on brame and 
reed canary with light and heavy pressure. 
Average of 4 years. 
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Top Profits from. Lambs on Pasture
 

For the farmer who needs to 
use pasture in growing lambs, 
here's practical research that 
shows how to earn the most 
dollars. 

R. M. Jordan and G. C. Marten 

Methods that will bring highest 
lamb profits are not the same for all 
flock owners. There is little quest ion 
that weaning lambs early ( at 8 to 
10 weeks of age ) coupled with feed
ing them grain in drylot will result in 
heavier lambs tha n turning compar
ab le lambs out on grass with their 
dams. 

However, the drylot system uses a 
minimum of pasture and hardly fits 
the producer who has an ab undance 
of grass that must be harvested by 
some form of livestock. Furt hermore, 
there is some question whether the 
system of early weaning is successful 
when the lambs are grazed on pas
ture. 

Ho w can a sheep producer market 
forage most advantageously and at the 
same tim e maximize his lamb produc
tion and pro fits? Should he wean his 
lambs? If so, at what age? Fi nally, 
should he feed grain in conjunction 
with good-qua lity forage? 

To answer these questions we made 
a series of grazing stu dies involving a 
tot al of 245 twin Columbia and Hamp-

R. M. Jordan is a professor, Department of 
Animal Science. G. C. Martin is a USDA 
research agronomist, Crops Research Divi
sion of ARS, and an associate professor, 
Department of Agronomy. 

shire lambs at the Rosemoun t Station . 
T hese experiments ran through 1964, 
1965, and 1966. Twelve alfalfa-bromo
grass pastures were esta blishe d in the 
fall of 1963 and rotationa lly grazed 
the three succeed ing years. Four 
groups of pastured lambs received 
the following treatment s. 

Group 1: Lambs were weaned and 
self-fed ground shelled corn . 

Group 2: Lambs were weaned but 

received no supplement al grain. 

Group 3: Lambs were not weaned 
and were self-fed ground shelled 
corn. 

Group 4: Lambs were not weaned 
and received no supplementa l 
grain. 

Half the lambs within each of 
these four treatments were 8 weeks 
old and half were 12 wee ks old when 
they began grazing, To add reliabili ty 
to the experi ment, each treatment was 
repeated three times each year for the 
th ree years. 

.2 5 TREATMENTS 

8- Week Lamb • .44 
12 -Wee k Lam b• .36 

Weaned lambs .36 

Not We a ne d .44 

Fed Gra in .4 5 

Not Fed Gra in .34 

We aned and Gra in .4 2 

We a ned No Gra in .2 9 

Not W ea ne d an d Grain .4 9 

Not We a ne d N o Gra in .4 0 

8 - Week La mbs , We a ned .3 8 

B- Week Lc mbs , Not We a ne d .4 8 

12 - We e k La mbs, Weane d .32 

12 - We ek La mbs Not We a ne d .4 0 

To keep the grazing pressur e (ava il
able forage ) equal, some extra lambs 
were used as grazers and were either 
added to or taken from the pastures 
at intervals, dep ending up on the avail
able fora ge. The experimenta l layout 
was such that it was possible to de
term ine on an acre basis: 

1.	 The number of lamb grazing 
day s. 

2. The pounds of lamb produced. 
.3 . The dollar returns in excess of 

grain costs for each meth od of 
handli ng the lambs. 

The forage ava ilable was of excel
lent quality at all times due to careful 
management of the lambs and to a 
high fer tility level of the soil. So our 
result s are a reflection of what might 
happen under excellent grazing condi
tions. 

Results 

Le t's see ( figure 1 ) how age at 
weaning, weaning or not weaning, and 
grain feed ing affected the perform
ance of these pastured lambs. 

DAI LY GA IN , LB. 
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Figure 1. Effec t of weaning , age a t wea ning, a nd grai n feed ing an the weight ga ins af graz ing la mbs. 
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1. W eaning age. Lambs th at began Discussion
 
the experiment when th ey were 8
 Maximum gain per lamb is not 
weeks old gained significantly faster always accompanied by maximum 
than lambs that began when 12 weeks profit pe r acr e. Profit will usually be 
old. T his advantage in weight gains affected by three things: rate of gain, 
by the younger lam bs was evident number of lambs grazed pe r acre, and 
whe ther they were weaned or not , cost of supplemental grain per lamb. 
and wh ether they were fed grain or Weaning the lambs and providing 
not. We concluded tha t th e sheep pro  them supplemental grain increased the 
ducer can wean his lambs early if that number of lambs pastured per acre 
is	 most advan tageous from an ava il appreciably-32 lambs per acre with 
able-forage standpoint, rather than grain as compared with 19 per acre 
wait until they are a specific age, such without grain. Grain feeding also sig
as 12 to 14 weeks. nificantly increased the average da ily 

2. W eaning or not weaning. Wean gain , so the weigh t of lamb pro duced 
ing itself redu ced the we igh t gains of per acre was also increased . 

r these lambs in two years out of thr ee. The greatest weight of lamb pro 
This was tru e whether the lambs were du ced pe r acre was 529 pou nds. Th is 
fed grain or not . high level of production occurred

3. Supplemental grain. Self-feeding 
when the lambs were weaned and fed 

ground corn to growing lambs on pas
grain . Th e next greatest gain per acre, ture resulted in significantly greater 
316 pounds, occur red when the lambs gains in two of the three years. It 
were not wean ed but were fed gra in. should be pointed out that this in 

Fewer pounds of lamb were provolves some hazard , for in one of the 
duced when the lambs were grain-fed years several lambs died of enterotox
and allowed to suckle the ewe, for the emia. H owever, if lambs are brought 
simple reason that fewer lambs were up to full feed gradually and are vac

cinated against enterotoxemia, self grazed per acre. Although individual 
feeding grain to lambs on grass seems unwean ed, grain-fed lambs gained 
to be practi cal. faster , their gain was not enough 

G ra zi ng Day s p er A cre 
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Figure 2. Grazing days per acre and return aver gra in costs. 
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faster to compensate for the reduction 
in number of lambs that were grazed 
per acre. 

Without grain, weaned lambs pro 
du ced 201 pounds per acr e and un
wean ed lambs 191 pounds per acre. 

Grain-fed lambs that were weaned 
ate considerably more grain than those 
that were not weaned. Th e lambs ate 
grain worth 2 cents a pound. Lamb 
was worth 22 cent s a pound at the 
time of th is study. Multiplying the 
pounds of lamb produced per acre 
times 22 cents gives the valu e of lamb 
per acre. Then subtract the cost of 
grain eaten by the lambs on an acre 
to get what we call "return over grain 
cost per acre ." 

In one year the lambs that were 
weaned and fed grai n returned a far 
greater profit over gra in cost than did 
the lambs that were not wean ed hut 
fed grain. This second year the Iambs 
that were not weaned hut fed grain 
had a slight ad vant age, Wh en the data 
for the two years are summarized 
( figure 2 ) , lambs weaned and fed 
gra in returned $1.56 per acre; lambs 
not weaned hut fed grain returned 
$1.31 per acre; and when no grain was 
fed the returns ranged from $93 to $97 
per acre. 

Thi s study includes most of the fac 
tors that uflect graz ing lambs , \Ve 
hope it will help to answer questions 
concerni ng the best way to handle 
grazing lambs for maximum returns. 

Recommenda tions 

For maximum lamb production per 
acre, worm your lurnbs, then mana ge 
them as follows: 

1. Wean	 lambs when doin g so will 
maximize the efficiency of your 
pasturing program, hut not when 
lambs are younge r than 7 to 8 
weeks of age. 

2.	 Provide supplemental grain Ir
respective of the qu alit y of the 
pastu re. 

.3.	 Redu ce the cost of maintainin g 
the non-lactating ewes by graz
ing them on low-cost pasture at 
heavy stocking rates, even 'if it 
result s in about a 10-percent 
weight loss of the ewe . 
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SEASONAL HOMES� 
Benefit Rural Minnesota� 

Owners of second homes leave more money 
in rural Minnesota than most of us realize. 
Alert communities will preserve the natural 
environment to attract more of these big 
spenders. 

Rober t W . Snyder 

In sp ite of all of the current emphasis on tourism and 
the resort business, most observ ers ha ve almost com
plete ly overlooked what promises to be one of the most 
important elements in th e recrea tion-oriented economy 
of many rural Minnesota areas. While the resort industr y 
of Minnesota has been sputtering along, barely holding 
its own and suffering painfully from sharp ly increasing 
competition from such faraway places as Haw aii, Europe, 
and Acapulco, th e second-home industry has been boom
ing beyond all expectations. Wh ole rural com munities are 
finding th at part-time residents outnumber home-town 
folk during the summer months as urban mankind seeks 
to escape from th e increasingly frustr atin g condi tions of 
the city. 

Minnesota Sha res in Nationwide Ph enomenon 

Th is ph enomenon is not unique to Minnesota . Accord NUMBER Of UNITS 

ing to 1960 census dat a, second homes represented more 
than 20 percent of all rural nonf arm dwellin gs in a ten
sta te area of the northeastern and north centra l region. 
Nearly 750,000 rural vacation homes- about half of all Less than 1,000 

those in the United Stat es-are concentra ted in these 
Source - US Censu s 10 states. Na tiona lly, second homes rep resent approxi

of Housing 1960mately 10 percent of all rur al nonfarm homes. Minnesota 
ranked eighth in the nation in tota l number of dw ellin gs 
with about 70,000 in 1960; but it rank ed fifth in th e per
centage of rural nonfarm homes classified as part -tim e 
or seasona l, with an overall figur e of 22.7 pe rce nt. 

Grow th has been striking. While the nu mber of dwell
ing units in the United Sta tes increased by about 27 per-

Robe rt Snyder is an assistant p rofessor and E xtensi on land 
economist, D epa rtment of Agricu ltural E conomics. Figure 1. Number of seasonal homes per county. 
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ce nt and popu lation increase lagged at only 14.5 percent 
during 1950-60, the second -ho me industry zoomed to a 
75-percent increase. Minnesota's share in total growth , 
which again was concentra ted in the northeast and north 
central United States, was .30,000. We ranked fourth from 
the top nationally. Some observers believe census data 
understate the real growth in second homes in the Lake 
States. Nearly all agree that this phenomena l growth has 
con tinued, perh aps accelera ted, in the "soaring sixties ." 

1 ot all of Minnesota shared equa lly in our sta tewide 
growth of 30,000 second homes during the fift ies. New 
par t-time residences tend to appear in the same areas 
and on the same lakes as those built in an earlier , slower
growing period. This makes a broad band of seasonal 
home communities stretching from the heavily timbered 
and wilderness areas of St. Louis County sou thwestward 
to the fertile farml ands of western Otter Tail County 
( figure 1 ) . In 1960 these eight counties shown in solid 
color conta ined about 40,000 census-enu merated secon d 
homes- nearly 60 percent of the sta te's total. 

Impact Studied 

The impact of second homes on communities in this 
eight-county area, and to a lesser extent in many other 
lake-dotted counties in Minnesota , could be measur ed 
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and discussed in a variety of ways. Perhaps the economic 
impact is the most meaningful since it represents a com
mon denominator and can, to a certain degree, be appor
tion ed among the different parts of the seasonal home 
community. The information in paragraphs that follow 
is based upon personal interviews with 106 Twin Cities 
area residents who own vacation homes in Crow Wing 
County, where the highest county-wide conc en tration of 
seasonal homes in Minnesota is reached. 

When the typical second-home own er ba tt ens down 
the hatches at the close of a summer of second-homing, 
he leaves behind a bit more than just his lakesid e cottage. 
He leaves behind, in fact , somewh ere betw een 5 and 15 
percent of his annu al family income. Thi s amount av
erages $1092, a figure that most of us would feel was a 
substan tial sum to spend "just for fun. " 

Why So Hi gh? 

Why are these expenditures so high? Partly because 
the second-home owner is a relatively affiuent person. His 
average family income is usually higher th an that of his 
neighbors in the Twin Citi es area; about one second
home owner in three report ed an income in excess of 
$12,000; in the Twin Cities area only one resident in eight 
reported an income that high in 1960. 
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Partly, expenditure s are high because the owner uses 
his second home fre quently. The average family in the 
Crow Wing County study made seventeen 250- to 300
mile round tr ips a year. Cott ages are used an average 
of 64 days a year. Most of this use, but not all, is in the 
sum mer months. 

Partly, expenditures are high because many owners 
purchased their vacation homes recently and are putting 
in relat ively large sums for construction and for installa
tion of plumbing, heating, and similar facili ties. 

And finally, they are high partly because second-home 
owners have a lot of cottage visitors-especially since 
many have married sons, daughters, and grandchildren
and about one in six has a guest cott age in addition to 
the main seasonal dwelling. Th e average property is 
visited by 33 different people, two-thirds of whom stay 
overnight. Besides the cost of entertaining guests and 
relatives, which the $1092 includes, there are additional 
expend itures by these guests in the second-home com
munity . Th erefore the full impact is understa ted by the 
$1092 figure. 

Th e $1092 also does not include the original cost of 
purchasing a vacation home. The study revealed, for 
example, that three-four ths of the undeveloped prop erti es 
were purchased since 1952 and that pr ices averaged 
about $2,000 for the 1957-1966 per iod and slightly over 
$1,000 for the 1952-56 period. Much of this undoub tedl y 
went to local resid ents . Two-thirds of th e develop ed 
proper ties were purchased aft er 1956 for pri ces averaging 
about $5,500. Some of this also went to local residents. 
These amounts represent economic impacts in addition 
to the $1092 spent annuall y. 

Wha t Is the Money Spent F or? 

The largest category of expe nse, $360, was for build
inging construction and maintenance ( figure 2). As long 
as present growth in the populari ty of vacation homes is 
sustained, this will probably continue to be the case. 
Second was about $210 spent for household supplies 
purchased in the seasonal home community. (An addi
tional $90 for household supplies used in the second 
home was spent elsewhere and represent s a potential 
addition to the $1092 spent locally. ) Thi rd, significantly, 
was the amount for propert y taxes-about $120 per 
owner. Many observ ers feel the classified property tax 
discrimin ates aga inst the second-home owne r in Minn e
sota. 

Expenditures Categorized by Impact 

Another way to look at expenditur es is to divide them 
into thr ee categories: 

•� Merchandise expe nditures such as retail purchases 
that leave only a "price markup" in the local com
munity. 

•� "Service" expenditures and propert y taxes, whi ch 
largely represent sums paid to local workers. 

•� Combination service-merchandise expenditures, 
tha t homeowners who were interviewed could 
not break down further. 

Personal services $14 

Other $5 
Furnishings and equipment $4.~3:..- _ 

D Merchandise expenditures 

Service expenditures 

b\H\\\m Combination expenditures 

Figure 2. Annual expenditures in rural communities by owners of seasonal 
homes . 

Of the $1,092 spent locally by the average second
home owner, about $500, nearly 50 percent, was for 
merchandise ( figur e 2 ). One-third may be estimated to 
have stayed in the local area. About one-third or $360 
was for combination expenditures, of wh ich an estimated 
two-thirds stayed in the local area . Since all of this was 
for construction, the propor tion will be somewha t higher 
where locally produced lumber is ava ilable. Almost $250 
-more than one-fifth- was spe nt for services, an esti
mat ed 85 percent of whi ch went to local resid ent s. Thus 
about $600 of the $1092 remained in the second-home 
community to genera te additional personal income due 
to the multiplier effect. Th e remainder passed thr ough 
local hand s on its way to sellers of goods and services 
elsew here. 

Amount Spent Varies 

What makes one second-home owne r spend more 
than anoth er? The answers to that qu estion ma y give the 
second-home community some guidelines for takin g ad 
vantage of the sur ge in second-home buying. If we were 
to look at famil y income, number of days of annual use, 
and number of visitors, we would find fairl y conclusive 
evide nce that the amou nt of money spent locally is di
rectly related to all of these factors. Families with in
comes in excess of .$20,000, for example, spend about 
$1,650 in their second-home community- more than 
twi ce as mu ch as families with incomes below $8,000. 

MINNESOTA SCIE NCE 



21 

$1610Exp end it ures _______---l 
by Owner 

76 days 

A n n ua l Use 

20 trips
Tri ps by ,------' 

O wne r 

Num ber 

of Users 

Incomes _____ ...J 46 percent 
$12,000 

o r Above 

o Dwell ings With' Complete Indoor Plumbing ' 

• Dwell ings Without ' Co mp le te Indoor Plumbing' 

Figure 3. Comparison of seasonal homes with a nd without "comple te 
indoor plumbing." 

It may be more surprising, however, to obser ve the 
extent to which local expenditu res are related to physical 
facilities provid ed at the second home. Looking at plumb
ing faci lities, for example, we find that about 45 perce nt 
had both indoor bathrooms and hot running water, whil e 
the remainder did not. Average local expenditu res for 
the latter group with poorer facilities averaged only $730. 
But the group with "complete indoor plumbing" spent 
an average of $1,610, more than doub le. The apparent 

reasons for this, were that the pr esumed higher-qu ality 
dwelling was used more days than the more poorly 
equipped cott age (76 days vs. 55 days ), was visited more 
often (20 trips vs. 14 trips ) , was used by more people 
(45 visitors vs. 26), and was own ed by a higher-in come 
famil y (46 percent above $12,000 vs. 23 percent ) . Th e 
greate r use also most certa inly resulted in larger expendi
tures by visitors who were not members of the owner's 
household-expenditures that are not included in the 
$1,610. Initial purchase pri ces also would be conside rably 
higher. 

Wh at does this corre lation between measures of physi
ca l qu ality and economic impact of second homes mean 
to a rural community? Obviously it means more "outside" 
dollars for a community that can attract the part-time 
reside nt family that prefers and can afford a higher qual
ity vacation home. 

Our studies have produced fairly convincing evidence 
that higher-quality homes are geographically localized 
rath er than diffused across a large area. Thus a maximum 
impact is also concen tra ted. Th is does not mean that 
seasonal home communities throughout the sta te will not 
get an economic boos t from the money spe nt by seasonal 
residents, Clearly they will. What it does mean is that 
some communities will get a bigg er boost th an others, 

The success of rur al communities in attracting the 
"bigger spenders" from the sou th will depend in part on 
the quality of the natural physical environment. It will 
also depend, to an increasing degree, on measures that 
local peop le take, often through their local govern men t, 
to give the potential seasonal-home owner wha t he wants 
and needs . These include pu blic services (such as police 
and fire protection ), pub lic facilities (such as adequate 
roads and highways ), and the pro tec tion of property 
valu es. The latter will require appropriate zoning, sub 
division sta ndards, and other measures to control futur e 
lakeshore development and to prevent the pollution of 
our 10,000 Minnesota lakes. 

MINNESOTA FACULTY M EMBERS H ONORE D BY LAND B ANK 

The Institute of Agricult ure and its dean, Sherwood O. Berg, along with the Agricu ltura l 
Extension Service and several faculty membe rs have been present ed with 50th Anniversary 
Commemorative Medals by the Federa l Land Bank of St. Pau l for outstanding contributions to 
American Agriculture. 

Besides Dean Berg, faculty members who received the medals recent ly were Oscar B, 
Jesness, professor emeritus, Agricultural Economics; E. Fr ed Koller, professor , Agricultur al 
Economics; William E. Petersen, professor em eritus, Dairy Husbandry; G. J. ( Dick ) Kunau, 
professor and Goodhu e County agent; Harlie A. Lar son, Houston Count y soil 'conservation 
agent; Bern ard E. Youngquist , superi nt endent, orthwest School and Experiment Sta tion , 
Croo kston ; and Robert E. Hodgson, pro fessor emeritus and form er superintendent, Southern 
School and Experiment Station, Waseca. 

A limited number of these meda ls were struck by the U. S. Mint und er authoriza tion of 
the 89th Congress and President Lyndon John son for the 12 Federal Land Banks . 
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Throughout Minnesota History 

Timber Sales� 
On State Land 

Many changes have occurred during the past 

century in the sale of your timber. The newest 

developments are among the most important . 

A. R. Hallgren 

Minnesota's state-own ed forest lands are dedicat ed to 
timhe r production , recreation , and the conservati on of 
wat er and wildlife-uses that will do the grea test good 
for the people of the state. 

T imber pro duction was the first use of fore sts, and 
perhaps it will always be one of the more impor tant uses 
on sta te-o wned land. In fac t, it was timber that first at
tracted industry to Minnesota, and for many years tim her 
production was the main stay of both settl em ent and de
velopment in the sta te. 

One of the first problems of the elected oflicia ls of 
the ne wlv form ed state of Minn esota in 18.58 was the 
protection of the state's inter est in th e timber found on 
the land grant ed to the state by the federal govern ment. 
This was a formida hle task during those early years in 
American history when soil and mineral resour ces as 
well as timber were hei ng exploi ted in a hurst of na tiona l 
expansion. 

Origin of Minnes ot a T imber Sales 

In Minnesota, as in other publ ic do main sta tes and in 
the fed era l governmen t, the land policy was to sell pu blic 
domain land into pr ivat e ownership as qui ckly as pos
sihle. Several states had see n their land strippe d of timber 
before the land sale was sat isfied, with th e result that the 
land reverted to th e states in a worthless condition. 

To preven t this was te in Minnesota, the Stat e Aud itor, 
who acted as land an d timber commissioner , suggested 
th at th e sta te adopt a system of auctioning-off timher on 
state land befor e selling the lan d . His inten t was to sell 
the cut-over land to fanners at a later land auct ion sale. 
Such a stumpage sale system was adop ted in 186.3, and 
the state has recei ved income from the sale of state timher 
eve ry year since then. 

A. H. Hal lgr en is an ass istan t professor, School of Fo rest ry. 

U. S. Forest Service 

But laws on the fro ntier were effective only to the 
exten t that the public would support them. The ear ly 
sett lers an d the pu hlic easily rati onalized their stea ling 
of timber; they fe lt th at the cutt ing of trees made use of 
a na tur al resource that was not only inexhau stible but 
also worthless in nature; and they also saw this cutting 
as openin g the land for ugric ulture. This hostil e attitude 
of the Arnericu n peo ple toward trees had become a folk
way tha t was not to be changed for many yea rs to come. 

Th e Minn esota Legislature ma de numerous amend
ment s in th e timber sa le laws in an effort to stop timber 
abuses. As a result, the state's timber sal e pro ced ure, 
wh ich at its beginning ga ve the Stat e Auditor pr actic ally 
full d iscret ionary au tho rity for the sale of timber, was 
by 1900 a procedure st rictly defined by law. 

T he Conservation Move ment 

Conse rvation became a nati onal move ment in the 
early 1900's under the lead ership of Presid ent Th eodore 
Roosevelt. Public attitudes towa rd forests and forestry 
began to change. In several sta tes forestry schools, in
clu d ing the one estab lished at the University of Minn e
sota in 1903, got sta rted under the imp etus of this move
ment. 

Th e present Minnesota Division of Land s and For
estry (originally nam ed the Minnesota Forest Service ) 

MINNESOTA SCIE TCE 
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was founded in 1911. It was a successor to the chief fire 
warden organization, whi ch had been formed in 1895. 
Th e first 300,000 acres of the state forest system was 
turned over to the Minnesota Forest Service in 1917. It 
has increased ten fold since then to three million acres . 

However, the Forest Service was to remain essentially 
a forest-fire-protection org anization, because only the 
State Auidtor had the authority to sell sta te timber. This 
anomalous situ ation-timber sale administration and for
estry in different departments-was to continue until 
1931, when the Department of Conservation was organ
ized and timber sales were turned over to the Forest 
Service ( known then as the Division of Forestry) . 

Pulpwood Replaces Sawlogs 

Timber sales on state-owned lands dropped to an all
time low during the depression years of the 1930's. Auc
tion sales were actually discontinued for a few years. 
But during this difficult period, when the many unem
ployed were grasping at whatever means were available 
to make ends meet, the informal type of state sales in
creased. Such sales had been litt le used sinc e their adop
tion in 1925. With this sale procedur e, Division of For
estry personnel in the field could sell timber not to exceed 
$100 in value informally without competitive auction 
bidd ing. The maximum size for informal sales was in
creased to $250 in 1939, to $.350 in 1959, and to $500 in 
1967. 

This increase in the use of the small informal sa le was 
also a reflection of the change in the mak eup of the 
Minnesota forest industry from sawlogs and lumb er to 
pulpwood and pa per. The traditional logger of th e log
ging camp da ys was being replaced by small independent 
timbe r operators, most of whom used woods work to 
supplement some other means of incom e. The informal 
sale was better suit ed to the needs of such independent 
operators than the relatively large auction sales had been. 

Th e expansion of the pulp and paper industry during 
and followin g World War II brought an increase in the 
demand for Minnesot a pulpwood. Th e annual income to 
the state from timber sales reached an all-time high of 
$1,161,413 in 1957. 

The total annual incom e has been decreasing since 
then but the informal sale share of this income has been 
increasing at the expe nse of the auction sale. By 1966 
the Minnesota Division of Forestry was processing about 

Pulpwood is harvested on Minnesota's state-owned forest lands. 
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More machines now help harvest timber. The 1967 Minnesota Legislature, 
by removing antiquated restrictions in the timber laws, has permitte d 
the use of harvesting innovations on state -awned land. 

2,700 informal permits per year with an average value 
of $140 per permit, as compared with approximately 85 
regular auction permits per year with an average value 
of $2,400 per perm it. 

Rece nt D evelopments 

The decreas ing labor sup ply in the woods in recent 
yea rs has brought more mech anization into the logging 
industry. The state's timber sale laws-not by intent but 
by reason of thei r origin during the labor-intensive virgin 
timb er days- have prevented the use of muc h of this new 
equipment on state sales. Also, the many checks and 
counterchecks that had been written into the laws in 
years past in an effort to stop the early timber abus es 
had made timber sale administration very cumbersome. 

Th e 1967 Minnesota legislature was presented with 
a package of recommendations for timber law reform. 
With the support of most parties involved; these recom
mendations were passed into law. The two types of sales 
-informal and auction-were retained as the basic part 
of the state's timber sale procedure, but the Divisi on of 
Lands and Forestry was given more authority and free
dom in the administration and development of these sales 
than the D ivision had ever enjoyed before. 

This new flexibility in the administration of the state's 
timber sales will be very much needed to meet the many 
changes that are now taking place in the growing and 
harvesting of timber. As a result of these new laws, the 
Minn esota state-own ed forest resource, which contributed 
greately to the building of this state, can be expected to 
continue making a substantial contribution to the state's 
economy. 
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Sunny Glow and Minnwhite 
New Garden Chrysanthemums for 1968 

R. E. Widmer and R. A. Phillips 

Sunny Glow and Minnwhite are the 46th and 47th varieties of garden chrysanthemums introduced 
by the University's Department of Horticultural Science. Propagating stock of these varieties was tested 
by the Department of Plant Pathology and shown to be free of disease prior to release to commercial 
propagators. 

In 3-inch pots both varieties make good spring-flowering plants. After the blooms fade, the plants 
should be cut back to 3 or 4 inches from the ground and planted in the garden for fall flowering. 

SUNNY GLOW (62.121·63) produces cttrcc
tive, 2Y2·inch. ortmqe-qold, flat petalled. fully 
double. decorative flowers with deep coloring 
in the center. Flowering begins in the 3rd week 
of August in the Twin Cities area and has 
been exceptionally reliable regardless of 
weather conditions. The plant has healthy. 
glossy. dark-green foliage and willowy stems. 
Mature plants grown in full sun are 18·20 
inches high and 20·24 inches wide. This variety 
makes an excellent cut flower. Sunny Glow 
originated from the cross of Minnesota selec· 
tion 58·129-23 X Crowning Glory. 

WOUL D You LIKE To RECEIVE Minnesota Science? 

Any Minnesota resident engaged in farming, forestry, 
homemaking, conservation, teaching, or business ma y receive 
this ma gazine without charge. If you are not already receiving 
Minnesota Science, write to your County Agricultural Exten
sion agent and ask him to send it to you. Be sure to give 
your name, address, and zip code. 

In addition, scientists, government officials, editors, pro
fessional writers, libraries, and business firms ma y subscribe 
by sending their requests to the editor. 

MINNWHITE ( 63·142-1) is a vigorous cush
ion type that becomes completely covered with 
blooms. The fully double, 2·inch flowers are 
white with cream centers which turn white as 
they mature. Plants start blooming in late 
August in the Twin Cities area. When grown 
in full sun, the plant reaches a height of 12 
inches and has a spread of up to 24 inches. 
Foliage is a rich green color. Minnwhite origi
nated from the cross of Minnesota selections 
61·233·6 X 60·4-9. 
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