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Research 1980: AUnique Planning Effort� 
The Minnesota Agricultural Experi

ment Station is currently engaged in a 
unique planning elTort known as "Re
search J91.;o." It represents an attempt 
to project research trends and develop
ments during the next decade. Every 
sector of agricultural, forestry, and 
home economics research at the Uni
versity will be represented in the pro
gram. Planning committees are com
prised of stalT members from eve.raJ 
different departments, each possessing 
a special expertise in a single problem 
area, such a: environmental quality or 
resource development. 

The planning elTort is founded on 
the belief that Experirncnt Stat ion re
search should lead rather than follow 
the research enterprise of state and 
federal agcnci or private institutions 
and industrial concerns. 

The pre ent trend in agricultural re
search appears 10 be toward fundamen
tal approaches to practical probl~ms. 
This problem-oriented approach b~lI1gs 
together scientists from several diller
ent di:ciplincs, all with a common ob
jective in mind. Evidence of this at the 
Minnesota Station is apparent in the 
work of scienti ts who arc turning their 
attention to some of man's most nag
ging problems - namely air. water, 
and land pollution. 

Pooling of scientific resources and 
cxperti e ~may become a vital necessity 
in y ar: to come because of the increas
ing complexity of science hoth in trai~
ing and practice. The numb r of SCI

ent ists cia sified as "generalists" (ex
perts in several fields) ~is rapidly dim.in
ishinu, 1n terms of research planning 
and coordination. this mans that de
partm nts or general areas of sci.en~e 
will most likely he composed of a limit
ed numher of special areas. 

MINNESOTA SCIENCE 

Some of the other changes e .pected 
to take place in agricultural research 
during the. next decade may influence 
Minnesota's overall research program. 
They are as follows: 

• omputers will play an increasing
ly important role in agriculture, 
forestry, and home economics re
search. 

•� New emphasis will be placed on 
certain cone rns of our society 
problems of people in urban and 
rural settings. 

•� Additional res archers will be 
needed, but a greater demand will 
exist for more upporting person
nel, ser ices, and operating funds 
for pre cnt staffs. 

•� Greater attention will be given to 
retraining staff members and re
orienting orne of the cxi tina re
search efforts. ~ 

•� An increasing number of inter
disciplinary and intercollegiate re
search programs will be organized 
around problem or program goals 
but departments will remain the 
profe sional home for research 
faculty. 

•� A larger percentage of Experiment 
tat ion research funds will come 

from tate legi latures and from 
indu trial and private r sources. 

•� A larger percentage of federal 
funds from non-USDA agencies 
will corne in the form of institu
tional grants rather than being 
allocated on a project-by-project 
basis. 

•� Input-output tudies of agricultur
al re earch will promote more effi

cient and effective research man
agement. 

These are just a few of the change 
that are expected to reshape research 
of th future. Some have already begun 
to take place. Some will happen at a 
later date or not at all. And other pos
sibilities lie beyond our present ability 
to predict them. This latter possibility 
makes it essential that we continually 
review our "projections" and needs for 
the future 0 that important trends and 
opportunities are not overlooked. 

The outcome of "Research 1980" 
should result in recognized goals and 
established priorities, and provide ad
ministrators with valuable information 
to guide them in the decision-making 
process. 

At frequent intervals we will keep 
you informed on the progress being 
made under "Research 1980." 
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IMPROVING 
OUR ENVIRONME T 
LEE R. MARTI N 
professor 
Department of Agricultura l Economics 

Concern for the quality of our environment has be
come serious only in recent times, despite the fact that 
cond itions which led up to our present problems have 
existed for a long time. Economists generally agree that 
concern for environmental quality is primarily a phenom
enon of affluence : as average income rises, the standards 
of environmental quality that people will accept also rise. 

People living in low income countr ies and depressed 
areas of developed nations show a willingness to accept 
lower standards of environmental quality in order to ob
tain higher employment and income levels. But affluence 



in deve loped nations has led la rge groups of citizen s to 
no longer regard environmental deterioration as a nece s
sary cost of rising standards of living. They believe that 
improvements in environmental quality can be achieved 
alon g with higher living standards. And some people even 
pro fess that they are willing to accept lower rates of in
crease in nationa l income in order to improve environ
mental quality. 

R ising levels of affl uence are only a single instance of 
the way in which econo mic considerations touch upon 
problems of environmental quality. En vironmental det eri
ora tion also decreases the quality or quan tity of con sumer 
satisfaction. Similarl y, environmental deterio rat ion by 
some producers may add to the pro duct ion costs of other 
producers. On the other hand, most environmental im
provements add to consumer satisfaction and may reduce 
production costs . 

The decis ion to invest in environm ental qual ity in
volves a compar ison of relative costs, which are difficult to 
estimate. Costs of maintaining environment al qua lity are 
incurre d when human and capi tal resources are divert ed 
from other lines of production to environmental improve
ment. These impro vements must be carefully weighed 
aga inst the va lue of the production lost. In assessing the 
value of improvements, it is essential that we estab lish 
what the benefits are, how many people will rece ive them, 
and who the beneficiar ies are. 

Two other factors weigh upon the decision to invest in 
environmental quality. First, there must be a willingness 
on the par t of the public to pay for environmenta l im
provements. Second ly, willingness to pay sho uld not be 
considered only on the basis of the total investment; each 
investment should be examined to deter mine what benefits 
and costs it will generate. 

Economic considera tions often dictate that standards 
of environmental qual ity be allowed to vary from one situ
at ion to another. Applying a single standard to several 
different situations can crea te acute problems. If a very 
high sta ndard is chosen, the total cost of ach ieving and 
maintai ning that standard everywhere may be grea ter than 
citizens are willing to pay. If a low (less exacting) stand
a rd is chosen, then it may not even approach its poten tial 
for increasing consumer satisfaction. For example, it is no t 
necessary that every river or lake be pure eno ugh for 
swimming. But it is necessary tha t the supp ly of open
water swimming areas be adequate to meet the needs of 
swimmers. Similarly, every body of water does not have 
to be free of thermal pollution. But it is impor tant that 
thermal pollution be controlled and limited to areas wher e 
consumer sa tisfaction is not grea tly reduced. 

If funds for improving environmental quality are 
limited , as they surely will be, then economic considera
tions dictate that these funds be invested where returns 
in the form of con sumer sat isfaction are greatest. This 
argument, alone, offers strong support for a system of 
standards that is allowed to vary with each situation. 

Some activities that br ing about environ ment al deteri 
ora tion have been legally translated into "property rights," 
which cannot be dismissed witho ut due process of the law. 
Some of these acti vities go back to a po int in t ime when 
there was little social concern for environmental qu ality . 
Pollu ting or despoil ing industries were "invited" into a 
community becau se its citizens ranked the economic bene
fits above the social costs of deterioration. 

Economic Aspects 

Now, the most important economic questions are, can 
we ra ise the quality of the environment and incom e per 
person at the sa me time? If the answe r is "Yes," how can 
we achieve this happy result? 

Let us begin by trying to class ify the aspects of envi
ronmental quality that have economic consequences . 

1. Consequ ences for ph ysical healt h : Some effects of 
environmental deterioration are univ ersally harmful to the 
physical health of human beings. Our society has used 
legal restraints to deal with these sources of pollution 
whenever the associat ion between cause and effect could 
be shown. When universality is lacking, violators have been 
treate d leniently. In the past those who were adversely 
affected chose a more compatible environment in the 
suburbs. In the future, society may use legal restraint 
when the harmful effect is felt only by a majority or even 
by a subs ta ntial num ber of individuals, rathe r than the 
whole community. 

2. Co nsequences for mental health: Some effects of 
environmental deterioration are ad verse to the mental 
hea lth of hum an beings. Such tension-creating phenomena 
as loud noises. flashing bright lights, and so on that distur b 
a commu nity ar e likely to come under police jurisdiction. 
Zoning techni ques could be used to relocate sensitive 
households or tension-creat ing firms in different parts of 
the community, and low social costs would be incur red. 

3. Co nse quences for consumer satisfaction: Some ef
fects of environmental deterioration significantly reduce 
(in economic ter ms ) the various natural resources that 
con tr ibute to consumer sat isfaction. Here we are dealing 
with scarcities created by environ mental deterioration , not 
with natural sca rcities (there is only one Yellowstone Na
tion al Park). A mong the shortages induced by deteriora
tion are swimming, fishing, and hunting opp ortunities, 
natura l landscap e, fresh air (even when no question of 
health is involved ) , flora and fauna in their natural habi
ta t, and so on. 

Here we are dea ling with sources whose effects on man 
are known well enough to begin to deal with them. One 
method is to begin a sorting out process. What supplies 
of these natural environment "se rvices" are consumers (or 
taxpayers ) willing to pay for , if they are effi ciently pro
duced? This an alyt ica l approach to maintaining environ
mental qu ality seeks to satis fy p resent and fut ure demands 
rather than preserve some sacred universal standard that 
ignores the cost or the volume of cons umer demands to be 
atisfied. Means should be sought to levy more of these 

costs bo th against people who use the services and again st 
those who do n't use the services, yet insist that their op
tions to use be kept open. 

4. Unique opportun it ies for con sumer satisfaction : 
Some natural resource complexes ar e unique in the sense 
that if ma n destroyed them, nature would never replace 
them. Exa mples are the Gr and Canyon, Yellowstone Park 
and many other (but not all) national parks. Either man 
could no t repair serious abus e, or he could only do so at 
great expense. These unique opportunities should be pre
served rega rdless of the benefit to cost ratio. The ter m 
"unique" shoul d be ca refully applied lest society become 
reluctan t to maintain them all. 
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It is important that the economic costs of maintain ing 
or impro ving environmental quality be carefully est imated. 
The keynote is opportunity cost : What must society give 
up in order to have better environmental quality? What 
other uses could be made of land and water resources, of 
the funds , of the human resources that arc required to 
meet our environmental quality goals? Society has as much 
reason to insist upon effi ciently managed resource com
plexes as stockholders of business ent erprises have. 

5. Consequences of incomple te knowledge: Some en
vironmental and ecological situations are beyond the range 
of our present knowledge and we are not always certain 
whether they present a problem. Or, if we are sure that 
we have a prob lem, we don't know how serio us it is. Or 
we don 't know how to deal with it. The DDT controversy 
is part of a larger conc ern with nondegradable organic 
chem icals, deposited either in water or soil. Th ere are 
many potenti ally worri some eco logical phenomena that 
we don't know very much about. Many of them appeal to 
have economic consequences. 

Two suggestions can be made for this category. First, 
it is important tha t those phenomena that appear to have 
the greatest potential for harm be systematically investi 
gated. We must learn more about the nat ure and possibl e 
solutions to these problems. We also need to know mor e 
about the full range of consequences of removing the 
offending agent: banning the use of DDT, moving a paper 
mill to another location, and so on . Spec ific answers are 
needed to understand the economic consequences: How 
much greater would the national food bill be if we bann ed 
the use of DDT? How much more would paper cost if 
treatment of all pape r mill wastes was required? What 
economic consequences would result from forbidding 
plants to emit fumes under certain atmospheric conditions? 
What consequences would ari se if industry was not al
lowed to dump waste ma terials into a stream when the 
stream flow was less than a set amo unt? 

Secondly, an interim strategy must be worked ou t for 
cases where knowledge is incomplete. Quick investiga
tions of practices that caus e pollution would determine if 
it were economically feasibl e to ab andon them . In other 
instances, low-cost altern at ive pract ices that would not 
lower environmenta l quality could be recom mended. 

6. Intellectual va lues of resource complexes: Some 
ecological systems have a unique value tha t could be called 
intellectual. For exampl e, observation or study of living 
organisms in their natural habitat often is an effective 
teaching device. In man y cases, research investmen ts in 
these systems will produce new knowledge, which may 
have economic value. Some investment to preserve eco
logical systems that present unu sual educationa l and re
search opp ortunities is undoubtedly justified, particularly 
in an adva nced society. 

The social costs of a better environment may not be 
as high as some "scare" stories indicate . As more skilled 
managers and research scientists turn their attent ion to 
quality p rob lems. new and effective technologies will be 
developed. These discoveries will make maintenance or 
improvement of environment al quality less expensive. This 
is even more likely if we pro vide incentives for those who 
maintain or improve the environment, and disincentives for 
those who despoil our environment. In the final analysis, 
this system is more likely to provide better results than 
outright legal rest riction of de teriorating activities. 

MINNESOTA SCIEN CE 

Animal Waste Disposal� 
CANWE SOLVETHEPROBLEM? 

WILLIAM P. MA RTIN 
professor and head 
Dep artment of Soil Science 

Cold weather foaming problems in oxidation systems are being researched. 
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Agriculture is no longer solely concerne d with the 
production and distribut ion of more and better food and 
fiber prod ucts. This remains the most important charge of 
our nation's farmers, but the threat posed by env ironmen tal 
pollution is assuming greater proporti ons. Widespread use 
of commercial fertili zers, confined feeding practices, in
creased herd size, and grea ter concent rat ion of com mer
cial feedlots have all contributed to our burgeo ning anima l 
waste disposal problem. 

Since our nation 's dietary is largely centered aro und 
meat products, we cur rently support a national livestock 
population that present s a waste disposal problem equiva
lent to a nation of nearly 2 billion persons. In Minneso ta 
a lone, we raise 14 million chickens and turkeys, 4 million 
cattl e, 1.5 million dairy cows, 2.5 million hogs, and % 
million sheep. T he state's anima l population, in effect, 
creates a disposal problem equal to a moderate-sized na
tion with a population of about 66 million. 

Th e only way these wastes can be effectively handled 
is through our soil system, which includ es the use of water 
resou rces. Manure must be returned to the land as pa rt of 
a self-perpetuating system that supplies nutrients for crops, 
and crops. in turn, are fed to animals that produce addi
tional wastes. The question, however, is to what extent this 
"self-perpetuating" environment can continue to accom
modate the tons of waste coming from our agricultura l in
dus try. Is our soil system an effective medium for waste 
disposal or will it become pollu ted and, in turn, pollute our 
lakes and streams and reservoirs? T he ans wer to these 
questions hinges upon our knowledge of soil. 

Soil is not a simple entity. Minnesota has some 600 
different soil types and 57 soil associations that represent 
major differences. The state's soils are roughly 10 to 20 
thousand years old and were largely derived from the 
parent materi als of glaciers. Our cool climate has promoted 
a thick accumulation of organic matt er in the prairie soil 
areas, lots of potholes (many now filled with peat ), exten
sive sandy outwash areas, loessal deposits (along the Mis
sissippi ) , silts and clays (i n the Red R iver Valley ) , and 
gray-forest soils in northern Minnesota. Over the years, 
cool temperatures and winter freeze have slowed the 
weathering rate so that leach ing of plant nutrients has 
been modest and soils remain fertile. 

SOILSURVEY 
The Minnesota Soil Survey, a cooperative effor t of the 

Soil Conservation Service and the University, will eventu
ally provide bas ic resou rce informat ion for determining 
which soils are best suited for waste disp osal. Soil struc
ture, texture, porosity, pH, relief, drain age and horizon 
characteristics, and engineering properties ar e being ex
amined in many locations. Special proj ects such as this 
provide a sound basis for planning and zoni ng. In years 
to come, soil surveys, land-u se evaluat ions, and soil and 
water conser vation pro grams will play an even greater 
role in rural planning. Locations for barnyards, lagoon 
areas, oxidat ion tre nches or landfills, compost pit s, and 
farm disposal are as will be based on careful evaluation of 
soil types, topography, geology, hazards to groundwater , 
and possibilities of erosion . 

SOil AS A DISPOSAL MEDIUM 
The physical and chemical makeup of soils influence 

their ability to break down large qu antities of manure. 
Soils that are capa ble of retaining moisture gene rally con
tain large numbers of microorganisms. These tiny forms 
contribute grea tly to a soil's capacity to decompose organic 
matter, such as leaves, roots, and stems of decaying plan ts 
as well as manure. 

Decayi ng plan t residues, also known as hum us, com
prise the organic cement that holds inorganic soil particles 
together. Solid inorganic particles, such as sand, silt, and 
clay, make up about half the volume of most soils. T he 
size, shape, and a rrangement of these par ticles determine a 
soil's texture , structure, and its water-h olding capacity. 
Sandy soils are not cohesive (o r plastic) so they drain 
qu ickly. Silt particles ar c more cohesive, but they beha ve 
mor e like sand than clay particl es. Clay is the most co
hesive. Along with humu s material s, it controls most of 
the important chem ical and physical properties of soil. 

Und er condi tions ideal for decomposing manure, the 
soil profile contain s fairly la rge pores, extending from the 
soil surface down to the water table or drainage tiles. This 
type of soil structure insures ra pid infil t rati o~ of rain or 
irrigat ion water, sa tisfac tory percolati on through the pro
file, and dra inage of excess water fro m subsoil layers. 

Soils of this type are also well aerated near the surface. 
Since decay-prod ucing microorganisms funct ion best where 
free oxygen is high, th is environment hastens the break
down of organic waste materi als. A nd at the same time, 
it aids in forming nitrogen compounds vital to cro p growth. 

However, if large amou nts of man ure are deposited on 
coarsely textured sandy soils, they may eventually con
taminate ground water suppl ies. T his occurs because sandy 
soils infiltra te water rapidly, but have a low capacity for 
retainin g moisture. As a result, water percolates down 
through the soil pro file too quic kly, carrying nitr ates which 
pollute grou nd water sources. 

On the other hand, finely textured soils, such as silty 
clay, are capable of absorbing large quanti ties of water, 
but water movement is slow. This can prom ote contamina
tion of surface water supp lies when animal wastes are 
spread on slopi ng or frozen soils and run off during spring 
melt or after heavy rain s. A n eros ion control measure, such 
as growing plan ts on soils to utilize moistur e and nut rient s, 
is the best way to reduce nutrient contamination of water 
supplies. 

CHEMICAL ACTION OF SOil 
Research findings show that soil acts as a highly effec

tive filtering device to trap nitrogen and phosphorus, two 
nut rients often implicated as agents that accelerate the 
pollution pro cess. Micro bes in soil break down the nit ro
gen compounds in manure and release it as ammonia. 
T hese ammonia molecules usually are fixed to soil particles 
and completely immobilized . In well aerated soils, . how
ever, nitr ifying bacteria convert the ammonia to nitr ates in 
a two step process. Since nitr ates are compl etely soluble, 
they will move down through the soil profile with percolat
ing waters if they are not used first by pla nts. 
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But if the nitr ates move down into poorly aer ated ar eas 
of the soil profile, denitrifying bacteria will reduce the ni
trates to elemental nitrogen. In this gaseous sta te, nit rogen 
rapidly esca pes fro m the soil and is lost in the atmosphere. 
In fact , 30 percent or more of the nitrogen in manur e is 
usually lost even before it is spread in the fields. 

Other methods can be used to eliminate nitrates that 
might pollute ground water. Holding lagoons or settli ng 
basins can dupli cate conditions favorable to bacteria that 
function either with or without oxygen. 

Pho sphorus that is ap plied to soil or released from 
organic wastes by microbial action represents an alm ost 
negligible sou rce of pollution . Like ammonia molecules, 
phosphorus is quic kly fixed by soil particl es and remains 
insolubl e. Even when the soil containing phosphorus is 
eroded and runs off to a nearby lake, less tha n IO percent 
of the phosphoru s becomes avai lable for aquatic plant 
growth. The rest remains fixed to sediment on the lake 
bottom. Phosphorus from other sour ces, such as from 
detergents, will also fix to soil sediments on cont act and 
remain unavailable. 

LAND DISPOSAL SYSTEMS 
Research on disposal systems designed to redu ce the 

nutri ent content of soil and liquid wastes has intens ified in 
recent years. Existing systems such as lagoons and re
charge basins have been improved by using chemicals 
(lime and alum inum sulfate ) to remove nut rients from 
collected wastes. But the present efficiency of lagoon sys
tems falls fa r shor t of the demand placed on them. A 150
head dairy herd produces the same amount of wastes as a 
village of 2,500 people. A muni cipality of this size requ ires 
a 25-acre pond to adequ ately treat its wastes. So in most 
instances. farm lagoons merely serve as collection or hold
ing pits unt il thcy can be cleane d out and the manure 
pread on nearby fields. 

Farmers with sprinkler irr igation systems have success
fully pum ped liquid wastes from lagoon s. A n intake screen 
removes large solids and the electric sprink lers irrigate 
fi elds with the wastes flushed from confined feed ing opera
tions. Litt le additional fertil izing is required and odo r is 
repor ted to he minimal. T his disposal method has also 
gained wide acceptance among canning factories, cheese 
pro cessing plants, papermil ls, and sugar and vegetable 
processors . 

CONCLUSIONS 
Further research on soils as a medium of disposal is 

needed. Soil surveys should be accelerated to pro vide basic 
informat ion on soil types. Benchmark studies on key soils 
would provide valuable data on physical, chemical , and 
biologica l effects of pollution . They also could serve as a 
hasis for developing design crite ria for both rural and 
urb an waste treatment facilities. 

We ha ve no medium other than soil that is capable of 
handling large quantities of organ ic waste s. Bu t larger 
farmin g operat ions, combined with more ec onom ica~ man
agement practices, have led to an over-concentration of 
an imal wastes than in ma ny instan ces over taxes the soil's 
ability to rejuvenate itself . Th is situation can be averted. 
but before we can intelligently exploit our soil system to 
its fulles t extent, a comprehensive program of resea rch 
must be implemented. 

MI NN ESOTA SCIENCE 

For deca des da iry nutritionists have been urging dairy
men to feed their cows scientifically by using feeding stand
ards. But balancing a cow's current nut rient intake against 
her current need for certain nutrients has proven a difficult 
ta sk. Fe w, if any, high-producing cows can be kept in nu
trient ba lance during early lactat ion . Most often they draw 
upon their own body reserves for energy-pro viding nutr i
ents, protein , miner als, and vitamins. Even though an 
energy balance at peak yield is almost always not achieved, 
rations can be balanced in other ways and should be. 

Like other farm animals, the high-producing dairy 
cow's per formance depe nds on a balanced supply of all re
quired nutrients . A lack of any required nutrient can cut 
down on production, but most often the relat ive lack of 
energy-supplying n utrients limits the dairy cow's output. 

FORAGE QUA LITY 
Dairy cattle are for age-consuming animals by nature. 

But genetic breeding has develo ped the high prod ucer 's 
mammary system to the po int where the udder can ecrete 
milk nutr ients after calving faster tha n the cow can supply 
them with feed nut rients. This is especially tru e if the 
ra tion is fora ge or, to a lesser degree, even mixed rations 
high in concentrates. Fo rage quality, in turn, affects milk 
pro duction . As the quality of forage dro ps, milk produc
tion is lowered unless the rat ion is enrich ed with extra 
concentrates. 

Rece nt studies at the Un iversi ty indicate that as the 
fiber content of an all-forage ration increased between 27 
and 42 percent of the dry matter, lactation yields of good 
quali ty Holsteins dropped 430 pounds fat-corr ected-milk 
for every percent increase in fiber. Findings also showed 
that there are practical limits on lowerin g fiber content in 
forage. The most economical solut ion is to supplement 
even high qual ity forage ra tions with concentrates. 

Adding concentrates to rations increases energy intake 
in two ways. First, the concentration of energy in rations is 
increased and , secondly, the cow consumes mor e tot al feed. 
Fo r every pound of concentrates that is consumed, only 
about 112 pound of forage dry matter is displaced. The 
question that rem ains unanswered is how muc h concen
trates should be used und er what circum stances. . 

Dairyme n should be aware, however , that the relation
ship between feed level and milk production is not re
versible. For example, cutting down feed levels will lower 
milk prod uction. But often the reverse is not tru e. Only 
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during early lactation do dairy cows respond fully to in
creased feeding levels. Studies with Hol stein cattl e on high 
quality pasture revealed that for every pound of concen
tra tes removed from ra tions, losses of 1 pound of milk 
occurre d each day. On the other hand , for each pou nd of 
concentrates added to ra tions, milk production only in
creased 0.1 pound each day . 

FEEDING STANDARDS 
For severa l decad es the scientific feeding method was 

based on noting the level of productivity and then feed
ing the cow accordingly. This concept was replaced by 
challenge feeding, which involved feeding the cow in
creased amo unts of concentra tes each day and seeing if it 
respond ed with increased milk production. What th is has 
turned out to be is feeding concentrates freechoice after 
calving until it is obvious tha t pro duc tion has reached its 
peak. Despite successful feeding pro grams of this nature, 
most animal nutritionists caution aga inst increasing da ily 
amounts more than I to 2 pounds. High concentra te feed
ing can give rise to such condi tions as milk fat depression, 
off feed pro blems, or foun der. 

The foremost objective is to get milking cows as close 
as possible to an energy balance. And at the same time 
dairymen must keep in mind the animal' s hea lth, the fat 
content of milk pro duced, and the cost of ra tions. 

Present day feeding standards reflect an awareness that 
as milk production increases, the nutrient cost per un it of 
milk also goes up. This is due to the fact that the cow's 
digestive process becomes less efficient at higher levels of 
intake. Since forages normally cost less per energy unit 
than concentrates, the cow, both high and low producers, 
shoul d be fed all the forage they will consume. Forage in
take can be regulated by addi ng or withdrawing concen
trates, since the cow prefers them to forage rations. 

In attempting to att a in a nutritional objective, the com
position of the ration is a more reliable guide tha n simply 
using a ratio between roughage and concentrate s. A mini
mum of about 15 perce nt cru de fiber on a dry basis is 
the lowest feas ible amount to attain an energy intake that 
will not adversely affect milk fat content. Ge nerally, after 
calving the cow is fed a ration which is ca lculated to keep 
her in nutrient balance, except for energy requirements. It 
is assumed that she will use energy reserves fro m her fat 
deposits. However, a very rea l dan ger exists that the cow 
may overtax her ab ility to mob ilize body fat reserves. The 

solution to this problem is to supply a ra tion with high 
energy conte nt, which may be an all-in-one ration or a 
mixture of roughage and concentrates controlled by the 
proportion of concentr ates added. 

Cows should be supplied this rati on free-choice early 
in lactat ion. However, cows are usually unable to con sume 
as much feed immediately after calving as they can a 
month or so later. T here's no satisfactory answer why th is 
condition preva ils. Per haps it just takes time for the cow's 
gut to adjust to the demand s that are placed on it. At any 
rate, maximum intake usually occurs after the cow begins 
to decrease h r production. 

The art of feed ing da iry cows is to feed them enough 
to stimulate maximum milk pro duct ion, but not enough 
to add excess weight. Feed ing cows a high energy ration 
throughout lactat ion is wasteful because they gain weight 
and this increases maintenance costs and lowers the gross 
effi ciency of milk production. Increasin g the feed input to 
responsive an imals, however, increases the gross efficiency 
of milk pro duction. This occurs becau se maintenanc e costs 
are spread over more unit s of milk production. But as their 
feed intake increases, the digestive process becomes less 
effi cient. An ordinary cow uses about 50 percent of her 
energy intake for ma intena nce. The gro ss efficiency of well
fed , high-p roduc ing cows is considerably higher, despi te 
the lowered efficiency of the digestibility process. 

SUMMARY 
The high-producing cow has very high requi rements 

for energy-supplying nutrient s, protein , minera ls, and vita
mins. Th e amou nts requi red are in excess of what can be 
obtained from the food, but body reserves supply the dif
ference. It is import ant not to overt ax the reserve energy 
supply because ketosis may set in. Under modern day con
ditions the fresh cow should be challenged with very liberal 
concentrate feeding. The important po int about liberal 
concentrate feeding is to adjust it downward after pro duc
tion has star ted to decline. The concentrate portion of the 
ra tion should be decreased in such a way as not to accele
rate the drop in milk production. This is where expe rience 
and awareness become impo rtant. The anim al's condition 
is very important in jud ging how much concentrates to 
feed. For most effi cient milk production cows should not be 
allowed to get too fat or gain weight too rapidl y. 
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FORESTRY 
and 
Central America's Future 
HU GO H . JOHN 
professor 
School of Forestry 

Most people usuall y think of tropical rain forests as 
tangled jungles. This misconcept ion stems from exaggerat
ed descriptions in adventure novels or similar scenes from 
movies and T V. In a few instances this impression is not 
too far astray. There are areas where it is necessary to 
hack your way th rough heavy brush and vines. However, 
these areas are usually found in poor forest stands com
parable to the den se bru sh in poorer stands of the United 

In this article Ce ntra l America includes Guatema la. Brit ish Ho ndu
ras, EI Salvado r, Honduras, Nicaragua. Co sta Rica , and Pan am a. 
T he aut hor spent 1965-66 as Fo rest Invento ry Ex pe rt in Nicaragua 
for the Food a nd Agriculture Or ganization of the United Nations. 
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States . Good tropical forests actually have little under
bru sh beneath the ir extremely dense canopies. 

Generally the tropical forest is extremely hot and 
wet during the day , and cool and wet at night. Snakes are 
present , but the threat is no greater than in some regions 
of the United States. The clouds of insects associated with 
the tropics are no more annoying than in the nort hern 
forests of the Lake States. 

T ropical forest problems may appear insurmountable 
to foresters from temperate zones. But they are no more 
foreboding than the pro blems a tropical forester would 
encounter if he came to north ern Minnesota. The greatest 
deterr ent to trop ical forestry development, human and in
stitutional problems aside. is the lack of logging and ship
ping facilities. 

Seen from the a ir. the Centra l American isthmus ap
pears to be covered by unlim ited forest areas. But the 
actual area is small in comparison to the U.S. Central 
Ame rican forests cover approximately 75 million acres 
which is about 1/ 1Oth of the U.S.'s forest area. Hard
woods comprise 80 percent of the tropical forests and the 
remainder is conif er (mostly slash pine). 

Almost 60 percent of this Central American region is 
forested, extending along its eastern coast and inland to 
the central regions. The forest lands are difficult to de
scribe because very little detailed inventory has been car
ried out. Ex tensive reconnaissance inventories, which set 
the stage for more detailed studies, have been compl eted 
in a few select areas of the region . A survey of northern 
Guatemala revealed the presence of more than 300 species 
with a diameter of 6 inches or more. In Nicaragua over 
60 tree species with a diameter of at least 16 inches were 
identified. But the volume there averaged less than 7,000 
board feet per acre. 

The outstanding characteristic of a tropical hardwood 
forest stand is its great diversity . Seldom is any species 
strongly dominant. If it is domin ant, it rarely represents 
more tha n 10 percent of the stan d volume . Unfortunately , 
the more common species presently have little or no com
mercial value. T he two tropical species most widely used 
in the U.S., mahogany and Spanish cedar, are relatively 
scarce . Central American mahogany is highly prized for 
cabinets, furniture, and boats. Spani sh cedar has long been 
used for cigar wrappers and boxes. 

These two species have been logged for years, bu t 
good forest stands may contain only two mahog any trees 
per acre. As a result , most areas within 3,000 feet of 
streams that will float logs have been divested of mahog
any trees . Most tree cutting is done with an axe, and logs 
a re hand-rolled to a stream where they are floated to the 
mill. 

Increased forest industry development depends upon 
expansion of the number of marketable species so that per 
acre yields will be profit able enough for mechanical logging 
operations. P resently, only seven or eight tropical species 
are accepted on the world mark et. But even with these 
additional species, very few stands yield more than 3,000 
board feet per acre of marketable timber, which makes 
mechanical logging unfeasible . 

The problems underlying future developme nt of tropi
cal forests can be best und erstood by looking at the past. 
At some point in time forestry was an import ant part of 
the economics of most Central American countries. 

In Nicaragua, for example, forests contributed to the 
overall economy before the turn of the centur y. However, 



their major role in foreign trade began about 19 10. Be
tween 1915 and 1930, wood exports accounted for about 
12 percent of the total national export value and reached 
highs of 22 percent in 191 7 and 19 percent in 1930. For 
the 20-year period from 1945 to 1964, the percentage of 
total export value attributed to wood exports steadily de
clined and averaged less than five percent. Part of this 
decline was caused by the rapid gains in Nicaragua's total 
economy. But this shift also reflected a basic alte rat ion of 
wood resources. 

If you look at only the fore stry sector of the Nicaragu
an economy, some alarming factors come to light. Over the 
5-year period from 1960-1 964, the tot al value of wood 
exports equ alled the to tal value of wood imports. If these 
same data are examined on a year-to-yea r bas is, the con
clusion is very different. In 1960 wood exports exceeded 
wood imports by $ 1.7 mill ion. But by 1964 there was a 
$1.7 million deficit of impo rts over exports. 

Two basic causes appear to have brought about this 
abrupt change. The pri mary cause is that over 95 percent 
of the wood export value comes from the expor t of logs 
and lumber, mostly pine and mahogany. Intensive logging 
of these two species over the yea rs has depleted the 
supply. 

T he seco nd fact or affecting wood export-imp ort values 
is that 95 percent of import expenditures go for finished 
or secondary products such as paper and plywood. T hus, 
exports represent a high volume of roundwood equivalent 
per unit of value and imports a low rou ndwood volume 
per unit of value. 

T he case histor y of Nicaraguan forestry is representa
tive of the other count ries in that region. A ll Ce ntral 

American countries have the same problems when it comes 
to forest resource use and development. All have the great 
diversit y of species, generally low volumes of desirable 
trees, and poor o r nonexistent tr ansportation systems. On 
top of these problems Central America 's shifting agricul
ture is destroying large forest areas. 

T ropica l for ests a re a potentially valuable resour ce 
that can impro ve the economies of developing countries. 
Recent events ind icate tha t increased forest industry devel
opment in Centra l Am eric a co uld become a realit y in the 
near future. 

One of the most promising occur rences is that some 
govern ment offi cials a re now aware that forestry can be an 
important factor in overall general and economic develop
ment. Forest industry developm ent usually is centered in 
less developed regions, which often arc plagued by und er
employment and poor transpor tation . Forest industr ies 
frequentl y promote o ther devel opments that benefit the 
economy. Also , legislat ion is being enacted hy some Cen
tral American countrie s to encourage secondary processing 
of the timber resource domestically. And initial attempts 
to encourage resource management a re evident as well. 

The cur rent low supply of veneer-sized hardwoods in 
the U.S. has incre ased the prospect for tropical forest de
velopment. Man y U.S. user s are intere sted in experimental 
use of mo re tropical spec ies. 

T he primary need in Central A merican forest devel
op ment is to establish industries that export secondary 
forest products and use a vari ety of wood species to manu
facture these products. With innova tion and coura ge on 
the part of some industries. Central A mer ica 's forest re
sources can give these countries increased stability and 
provide more hope for the fut ure. 

An aerial view of a teak and mahogany plantation in Nicaragua. The plantation is located on the far side of the river. 
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INSECTS 
RIDE 

JET WINDS 

The aster leafhopper carries aster yellows, a disease that is deadly to lettuce, celery, and carrots. 

Each spring Minnesot a's croplands are silently invaded 
by a mult itude of insect species that inflict costly damages 
on the state' s var ied forage and cash cro ps. For years it 
was assumed that the extent of the damage hinged upon 
the number of insects able to survive Min nesota's harsh 
winter climate. But during the past 17 years, several Upper 
Midwest researchers have uncovered convincing evidence 
that many insects are actually transported here from 
southern states by warm, low-level jet winds. 

As early as 1932 , research scientists believed that the 
potato leafhopper was unable to overwinter in the northern 
states. Both the adult leafhopper and its offspring had 
been found in Minnesota as late as November, but they 
always disappeared after temperatures dropped below 20 
degrees . 
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Yet each spring, thousands of adult potato leafhoppers 
suddenly reappeared in Minnesota, usually toward the end 
of May. Since they couldn't overwinter in northern states, 
and since adult leafhoppers live only 60 to 90 days, the 
pro blem att racted the attention of several entomologists. 
Painstaking research eventually estab lished tha t leafhop
pers overwinter only in areas of the South with 260 to 270 
frost-free days each year. 

A regional pro ject designed to study the causes of 
potato leafhopper outbreaks in the Upper Midwest was 
initiated in 1954 by a dozen North Central sta tes, including 
Minnesota. Professor Allan G. Peterson has headed the 
University's study dur ing this time. 

Th e research teams collected leafhoppers by sweeping 
alfalfa and clover fields with IS-inch insect nets and total



ling the catch after 100 sweeps. Min nesota also employed 
light tra ps in several locations and air socks with 5-foot 
openings, installed on the roofs of Green Hall on the St. 
Pa ul Campus and the 14-story Mayo Memorial Hospita l 
on the Minneapolis Campus. 

The cooperative study revealed that the appearance 
of leafh oppers was closely related to the arrival of war m 
air masses from sou thern United States. Typical condi
tions that marked the arrival of leafhoppers were then 
carefully noted . A low pressure area over the Western 
Plains area (Wyoming, Nebraska, and South Da kota ) was 
usuall y matched with a high area in the eas tern Unit ed 
Sta tes or Canada. Strong, sustained south or southwest 
winds resu lted from the clockwise movement of air aro und 
the high center. The counter-clockwise movement of ai r 
aroun d the low also aided the rush of warm ai r to the 
north . When the warm southern air met with colder air 
from the north, it was discovered, a stationary front 
formed and the leafhoppers dropped from the air currents. 

On May 20 , 1957 , fields in southern M innesota were 
extensively swept with nets just before a warm front ap
proached. No potato leafhoppers were netted by the re
search team . But on May 21 , the warm front ar rived and 
it was pushed across the southern counties by a cold front. 
Two days later the team collected an average of 42 leaf
hoppers per 100 sweeps in the southeastern border coun
ties. Leafhoppers were found in smaller numbers as far 
nurth as Goodhue Coun ty and as fa r west as Marti n 
Coun ty (Fairm ont). A subsequent warm front brought 
the leafhoppe rs to St. Paul on May 27. From then on , 
the leafho ppers gradually worked their way north. They 
reached Grand Rapids on Ju ne 10, and Stephen by June 
23. They apparently did not reach Roseau on the Cana
dian bor der until after June 27. 

A USDA research scientist further verified the theory 
when he collected leafhoppers from an airpl ane at varying 
alt itudes of 200 to 4,000 feet over Lou isiana, Arkansas, 
Indiana, and Illinois. 

Studies in successive years bore out the 1957 findings. 
In 1959 an alfalfa field nea r St. Paul failed to yield any 
leafhoppers on May 24. On May 26, a warm front passed 
over central Minnesota . Then on May 27, the field was 
swept aga in and the nets yielded 23 potato leafhoppers in 
100 sweeps . 

These late r studies also showed that it wasn't possible 
to connect the arrival of leafhoppe rs in nor thern Minne
sota with regional weather pa tterns. Researchers assume 
that the distribution of leafhoppers in northern count ies 
results from local movemen t of the insects. 

AsterLeafhopper Dispersal 

The aster leafhopper, which caused extens ive crop 
losses in 1957, is anoth er leafhopper species trans ported 
to the north by war m air currents. However , in its egg 
stage , it can overwinter in Minnesota in the stems of rye, 
bro megrass, quackgrass, crabgrass, and timothy. Bu t 
adults from winter grain areas in Texas, Oklahoma, 
Kansas, Louisiana, and Ark ansas generally arr ive here 3 
to 4 weeks before overwinteri ng eggs ha tch. 

Some of the adults from the south carry a disease, 
aster yellows, which is deadl y to lettuce, celery, and car
ro ts. Most Minnesota vegetab le growers a re prevented 
from cashing in on the profitable Twin Cities lettuce mar
ket because of aster yellows. Disease-free aster leafhoppe rs 

become infected by feeding on diseased plants, and after 
aster yellows undergoes an incubation per iod inside the 
insect's body , the leafhopper can transmit the disease to 
healthy plants. 

Prior to the heavy crop losses of 1957. no aster leaf
hoppers were detected at Rosemount, Minnesota, on May 
I. On May 7, though, stro ng south winds prevailed and 2 
days later 100 sweeps over a field of winter wheat netted 
90 leafhoppers. This ma rked the beginning of a per iod of 
heavy infestation and an unusua lly large proportion of 
these leafhoppers were infective with aster yellows. 

Heavy out breaks of aster leafhoppers do not alway 
indicate the amount of da mage that will be done. During 
late Marc h and ea rly April in 1963, aster leafhoppers were 
reported to be a serious pest on barley in Oklaho ma. 
Stro ng southwest winds brought them to Minnesota on 
April 17. Another stro ng south wind on May 7 added to 
the infestation. One hundred sweeps on a field of winter 
wheat at St. Paul the following day yielded a record 1,500 
aster leafhoppers. But the fea red outbreak of aster yellows 
never came since few leafhoppers were vectors of the 
disease. A later study by University of Minnesota re-

l ettuce plant (left) infected with aster yellows, right one is healthy. 
Close-up photo of English grain aphids found in oats. 
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searchers indicated that outbreaks of aster yellows de
pends on the numb er of leafhoppers , on the weather dur
ing May and June, on the presence of succulent plants for 
the insect to feed on , and also on the incidence of aster 
yellows among the leafhoppers. 

Dispersal of Grain Aphids 

Four species of grain aphids, the greenbug, the English 
grain aphid, the apple grain aph id, and the corn leaf aphid, 
are dispersed throughout the North Cent ral state s by 
warm, low-level jet winds. Only one species, the apple 
grain aphid, is able to overwinter in Minnesota. These 
aph ids attack cere al crops and are also vectors of the bar
ley yellow dwarf virus (known as red leaf in oats ) . 

Minnesota has studied the problem of windb orne 
aphids since 1961. Findings show that the aphids are 
transported to the state under the same weather conditions 
responsible for long-range migration of the aster leafhop
per. All the aphids appear after strong south or southwest 
winds, lasting I to 3 days, move into Minnesota. 

Definite proof that jet winds disperse leafhoppers and 
aphids from southern U.S. to the North Central states is 
lacking. Unfortunately, insects cannot be banded like birds 
and so their point of origin has never been precisely estab
lished. But the weight of the evidence seems convincing. 
Each year the same pattern is repeated : (l) Early collec
tions of insects prove negat ive. (2 ) Then adult insects 
appear sudden ly. (3 ) This sudden ap pearance follows 
dos on the heels of warm air masses moving nort hward 
from the southern states. (4 ) And the first adults usually 
appear too early to have developed from overwintering 
eggs. ( 5) Finally, the number of insects ar riving in north
ern tates seems related to the number that overwinters in 
the South . 

University entomologists Alexander Hodson and Edwin 
Cook defi nitely associated the 1959 outbreak of the green
bug with weather patterns and suggested that future out
breaks of greenbug in Minnesota can be predicted. Re
searchers, they say. could alert farmers well in advance 
if the number of insects overwintering in the south was 
determined. Then. by watching weather maps, entomolo
gists could determine when favorable conditions exist for 
long distance tran sport of greenbugs. The same method 
could be used to predict ar rival dates for the English grain 
aphid. the apple grain aphid. and both leafhopper species. 

Pinpointing the arrival of insects from the South would 
enable farmers to inspect their fields du ring the per iod of 
early infestation and determine whether control measures 
were requ ired. This would eliminate undesirable appl ica
tion of insecticides. And if control was necessary, insect i
cides could be applied before extensive damage occurred. 

The solution to our pest problems, however, is far 
from being completely untangled. Fu rther study of the 
conditions that favor rapi d multiplication of these insects 
after they reach Minnesota will have to be carr ied out. 
University scientists also agree that ther e may he several 
additional periods during each growing season when 
weather condit ions are favorable for long-range dispersal 
of these insects. But a large gap in man's knowledge of 
how insects migrate to northern areas of the U.S. has 
been considerably narrowed . Add itional research will un
doubtedly provide solutions to a problem that has beset 
Minnesota farmers for decades. 
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Deadly Protein� 
May Increase� 
Animal Fertility� 

University of Minnesota animal scientists have isolated 
a toxic prot ein from bat semen that in pur ified form is as 
deadly as ratt lesnak e venom, yet offers potential promise as 
a means of increa sing fer tility in both humans and animals. 

Professor Alan G. Hu nter, who heads the research pro
ject, says the pro tein might have several uses, but themost 
promising appears to be as an agent to increase fert ility in 
animals. 

"If it is possible to synthesize large quantities of the 
protein, it could be added to bull and dairy cattle semen. 



Animal scientist Alan Hunter is shown extracting a minute quantity of bat protein isolated by electrophoresis. 

The pro tein might allow the semen to remain in the cow's 
reproductive tract longer and increase the possibility of 
fer tilization ." 

Last year the research team collected nine proteins 
from the rep roductive organs of severa l male bro wn bats. 
Each protein was subjected to rigoro us tests, which in
cluded injecting small amo unts into rabbits and mice, One 
protein, referred to as BSV, killed the laboratory animals. 

Close examination of the dead animal's orga ns revea led 
that all their smooth muscles, which normally are in a state 
of cont ractio n, were relaxed . This finding led the research
ers to believe that the protein, though not toxic to bats, had 
a similar effect on smoot h muscle lining the female bat's 
uterus. 

If their theory is correct, it solves the long enshrouded 
mystery of how certain species of ba ts reproduce. The 
mystery stems from the fact that the male bat produces 
sperm only during late summer or early fall - nea rly seven 
months before the female produces a ripe egg. The bats 
mate in the fall and then hibernate during winter. 

The Minnesota researchers be lieve that BSV protects 
and preserves the sperm , which are stored over winter in 
the female's reproductive tract. Then in spring , the female 
bat simultaneously pro duces a ripe egg and a strong en
zyme that destroys the protein and allows fertil ization to 
occur. 

No rma lly, sperm cells that ente r the uterus are car ried 
through the organ to a small opening at the top by muscu
lar contractions. Here they enter one of the fallo pian tubes, 
which extend from either side of the uterus like tiny arms. 
If conditions are right, fertil ization takes place in a small 
cham ber near the end of the tube. 

The bat pro tein, according to their theor y, delays the 
sperm's journey to the fallopian tube by relaxing the 
uterine muscles and somehow immobilizing the sperm. 

At the same time, BSV wards off attacks from the fe
ma le's white blood cells. Without their protective coating, 
sperm cells would be engulfed by the white cells and 
destroyed in a matte r of hours. 

BSV also drastically reduces the num ber of lympho
cytic white cells in the fema le's blood. This finding suggests 
that the protein might someday p rovide a mea ns of com
bating leukemia, since its victims suffer from an excess of 
white blood cells. But at the present time, too many ques
tions abo ut how BSV affects blood remain unanswered. 
More researc h will have to be carr ied out before they can 
begin to assess the va lue that BSV may have for man - as 
well as anima ls. 

Members on the Univers ity resea rch pro ject besides 
Hun ter include P rofessors L.D.S. Barker, Melvyn Fahning, 
and Richard Schultz, and research assistant Walter L. 
Johnson. 
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MINNESOTA AGRICULTURAL EXPERIMENT STATION 
Research Fund Expenditures-Year Ended June 20,1969 
Financial Statement 

Expenditures by Source 
Percent Amount 

Federal funds 15.7 $1,399,717 
State appropriations 60.4 5,394,705 
Gifts and grants 13.8 1,236,423 
Fees, sales, miscellaneous 10.1 903,723 

Total 100.0 $8,934,568 

Expenditures by Object Classification 
Percent Amount 

Personal services 68.3 $6,102,201 
Travel 1.5 136,436 
Equipment, lands, structures 6.8 607,588 
Supplies and expense 23.4 2,088,343 

Total 100.0 $8,934 ,568 

Expenditures by Location 
Percent Amount 

University Campus-St . Paul 85.5 $7,641,331 
Branch Stations-within Minnesota 14.5 1,293,237 

Total 100.0 $8,934 ,568 

MINNESOTA SCIENCE is published by the University of Minnesota 
Agricultural Experimen t Stat ion. It reports th e resul ts of research con
ducted by t he Stat ion, both on the St. Paul Campus, and at out lying 

bra nch stat ions throughout the state . 

YOUR COPY of this magazi ne is sent you by your local county exten
sion agent. He represents the University 's Inst it ut e of Agriculture in res 
your county and helps make result s of University researc h available to 

you . 
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