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ENERGY QUESTIONS ARISE now 
more fr equently than ever. And, as 
we attem pt to respond to them w e 
find we need additional research 
expertise. Two areas in particul ar 
dem and new research leadership. 

One of these areas is forest re
sou rces. Minnesota's fore sts cur
rently are underutilized, but that 
like ly will change. However, for 
th at change to be orderly and of 
the grea test benefit, new forest re
source assessment techniques are 
needed. Whe n, what, how, how 
m uch, and where to harvest are 
key questions. And , equ ally impor
tant are questions about the eco 
nomic and social consequences 
that relate to future demand and 
supply, energy requirem ents, and 
th e need to protect water, w ildlife, 
and recreation. Tw o new positions 
in forest resources are needed to 
help address some of th ese issues. 

Subsequent use of fore st prod
ucts in construction is the second 
area for new research leadership. 
New energy con servati on technol 
ogy is needed both in producing 
wood-base materials and in w ood
fram e const ruct ion, particu larl y 
with new materials to be specially 
created to redu ce heat transfer 
and infiltration. In addition, energy 
conserving homes, which will be 
bu ilt in new ways with new mate
rials, will require special consider
at ion be g iven to the exterior and 
interior design. 

Each new generat ion of di scov
ery brings with it a need for more 
complex and sophist icated equip
m ent and experiments. So, be
yond th e need to employ a few 
new research leaders in special 
areas, one effect ive use of new 
resou rces is in support of ex ist ing 
research. 

And still another significant use 
of new resources is for encourag
in g young Minnesotans to become 
research scient ists by employing 
them as research assistants to our 
scient ists. Already shortages of 
scient ists in crops, soils, econom
ics, and engineering are at han d. 
Other shortages are developing. 
Almost every week we are asked 
to loa n or send ou r scientists to 
help poor nations develop their 
food supplies. 

I am gravely concerned about 
these shortages for th ey seem 
likely to be only the beginn ing. In 
the next eight years, the pool of 
talented students from which we 
must attract future scientists could 
shrink by 15 to 20 percent. Stu 
dents w ith experience in agricul
ture are li kely to be even fewer. 
W ithout sufficient research assis
tantsh ips to attract and encourage 
students to enter research careers, 
w e cou ld f ind ourselves in the 
m id -19~0 ' s with acute shortages of 
agricultural scientists and all the 
cons equ ences attendant on that. 
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Searching for a
 
Superior Alfalfa
 
KATHY FRANK CHESNEY 
Depa rtm en t of Informat ion 
a nd Agricultura l Jo urn a lism 

THREE SCIENTISTS at th e Univer
sity of Minnesota are breeding al
fa lfa strains that they hope will 
f ree farmers from some of their 
dependence on the nitrogen fertil
izer market. Their energy-efficient 
alfalfa could potentially yield more 
tons per acre of high protein for
age and leave behind large 
amounts of nitrogen for sub se
quent crops. 

The researchers, agricultural 
geneticist, Donald Barnes and 
pla nt physiologists, Gary Heichel 
and Carroll Vance, are em ploye d 
by the Federal Research branch 
of the U.S. Department of 
Agriculture, Science and Edu cati on 
Admini strati on. They are trying to 
improve the nitrogen-fixing ability 
of experimental alfalf a strain s. 
This would conserve billi ons of 
cubic feet of natu ral gas, th e 
primary raw material fo r 
co m mercial nitrogen . 

Prior to the 1950's, a common 
pra ctice wa s to partly replenish 
nitrogen in soil s with fo rag e leg
um es, says Heichel. Th en, nit rog en 
became inexpensive. " Farmers got 
it from a bag rather than from a 
renew able source." 

Nitrogen fe rtilizer cost th e 
farm er about five cents a po und 
until a shortage in th e early 1970's 
drove the pri ce up to 30 cents. It 
has since declined to 10 to 15 
cents . The gradual de-regulation of 
natural gas prices app roved by 
Cong ress make s future nitrogen 
cost increases likely, however. 

According to Barn es, two of the 
st rains being designed are fo r no r
mal alfalfa usage in the Midwest. 
"After two breeding cycl es, these 
lin es have fixed 65 to 70 percent 
more nitrogen than the orig inal 
plants," he said. "And, w e 
believe that plants th at are out
standing for nitrogen fixation wi ll 
probably be outstanding yielders 

because nitrogen fixation is a very 
complex system which is essential 
to m any types of pr ocesses in the 
plant." 

Th e research goes beyond the 
standard Midwest varieties, how
ever. The team is also developing 
an annual alfalfa that will store 
more nitrogen in the roots. They 
hope this legume will heighten the 
economic appeal of an "old fash
ion ed" so il enr ichment practice
crop rotation. The annual would 
be especially useful for set-aside 
acreages, th ey say. 

" A cropping system of three 
years of alfalfa followed by two 
years of corn may aga in become 
attract ive," Heichel says . His re
search predicts a 39 percent total 
energy savings of such a system 
w hen com pared to five years of 
cont inuous corn fertil ized with th e 
com mercial nitrogen. 

He also points out that if 10 
percent of th e national corn crop, 
about 7.5 million acres, could an
nually be fertil ized through rota
t ion with alfalfa, 28 billion cubic 
feet of natural gas w ould be 
saved. "That quantity would heat 
440,000 Minnesota homes a year." 

"One cri ti cism often made of 
rota t ion s is that their average an
nual productiv ity is oft en less than 
t hat of cont inuo us corn," he notes. 
"Rotations are becoming in creas 
ing ly cost-effect ive, t houg h, be
cause of stronger dem and for 
forage crops." 

Development of an annu al al
falfa would make rotati ons even 
more att ract ive. Winter hardy vari
et ies of perennials become dor
m ant in late summer or early fall 
to prepare for cold weather. An 
annual, however, would continue 
to f ix nitrogen unt i l a kil ling frost. 

Barn es and hi s team are work
in g on their goal of developing an 

Alfalfa research plots at Rosemont branch 
station . 

annual alfalfa that would make 150 
lb . of nitrogen available to the fol
lowing year's corn crop. In many 
situat ions, this would eliminate the 
need for added commercial nitro
gen . An annual alfalfa, seeded 
with oats under Minnesota condi
tions, would provide one crop of 
oat lage. Two cuttings of the leg
ume could also be made before 
the crown and root were plowed 
under in late October. 

The researchers have found 
that cultivars va ry in their ability to 
store nitrogen in their roots. They 
are now selecting varieties with in
creased nitrogen storage capaci
ties, since this w ould make more 
of the nutrient available to follow
ing crops. 

Barnes looks forward to relea s
ing new alfalfa varieties in th e 
mid-1980's. However, the greatest 
impact of the joint USDA-Universi
ty research will come from the 
development of practical method
ology, he says. Other breeding 
teams may use methods to up
grade nitrogen fixation in all major 
forage and grain legume species. 
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An Ounce of Preve tion
 
DEIDRE NAGY 
Department of Information and 
Agricultural Journalism 

Although adult males generally are most knowledgeable about energy conservation alternatives, 
both partners participate in decisions about thermostat settings and weatherizing the house. 
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MANY OF US TALK a great energy 
conservation game. Our con
sciences nag if we nudge the ther
mostat higher on sub-zero days. 
Or, we feel a twinge of guilt if we 
drive to work alone in a fuel
thirsty car . 

But how much are we cutting 
our consumption of dwindling en
ergy resources? And, how do we 
feel about the lifestyle changes 
that government leaders and our 
own pocketbooks are asking us to 
make? 

These are among the questions 
that M. Janice Hogan, associate 
professor of family social science 
at the University of Minnesota, re
searched with 40 Twin Cities fami
lies during 1977-1978. 

By interviewing families, hav
ing them keep diaries of thermo
stat settings, and driving and 
checking electricity, natural gas 
and fuel oil bills, Hogan and her 
team of research assistants saw 
some consumer habits and atti
tudes emerge. 

"We found that families were 
concerned about energy. And, al
though they differed in how suc
cessfully they conserved, most 
were making efforts to save," Ho
gan said. "The motivation to con
serve seems to be there, possibly 
triggered by the about 17 percent 
increase in energy prices during 
the 12 months of the study." 

The 40 families included equal 
numbers in lower and upper in
come levels and were matched for 
family composition and age of 
their dwellings. The research, 
which was funded by the Agricul
tural Experiment Station, the Min
nesota Energy Agency, and the 
University Graduate School, 
showed some patterns. 

o Thrift-oriented families, who be
lieved energy shortages would 
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continue, did the most to con
serve . But even among families 
with little interest in energy, 
there were some efforts to save 
money on utility bills. 

o Upper income families striving to 
conserve trimmed their electrici
ty use the most and made small 
cuts in natural gas use. 

o Most lower income families re
duced their heating demands. 

o Older persons lowered their ther
mostats less frequently. Howev
er, they used their automobiles 
less. Younger families and indi
viduals often kept the ir homes 
cooler in the winter but contin

ued to use energy at much the 
same rate for transportation. 

o Neither income level group 
changed driving habits. " Depen
dence on the car seems to be 
one part of our lifestyle that few 
of us are willing to give up," Ho
gan said. "A few families used 
small cars for fuel economy, but 
most said they didn't know how 
high gasoline prices would have 
to rise before they would cut 
down their driving or switch to 
public transportation." 

o Energy conservation decisions 
involved conflict in about one-

third of the famil ies studied. 
Conflict over thermostat settings 
was the most common. Although 
adult males were most knowl
edgeable about energy conserva
tion alternatives, both partners 
participated in decisions about 
thermostat settings and weather
izing the house. 

o Air conditioners were used fre
quently. Among families who 
had them, central air condition
ing and window units were used 
an average of 7 days during the 
summer of the study period. 
Most owners of either type 
turned them on only when their 

Upper income families tend to conserve energy by reducing consumption of electricity and natural gas and better insu lat ing their homes, rather 
than reducing use of their automobiles. 



homes became uncomfortably 
wa rm . 

Fami ly responses to energy 
shortages and high pr ices va ried, 
according to Hogan . One lower in
come fam ily of four, for exam ple, 
reduced gas consum ption by 10 
percen t and elect ricity use by 12 
percent, largely to offset increased 
utility rates. Al though they owned 
a car, the husband uses a car pool 
to get to w or k and th e w ife occa
sionally rides a city bus to ap
pointments and to do errands. 
Th is family viewed th e energy 
shortage suspiciously, however, 
and stated th at utility compani es 
may have created th e crisis so that 
they could raise pr ices. 

In contrast, an upper income 
family of fi ve w ho cut fu el oil 
needs by 32 percent di d so both to 
save money and because of th eir 
conc ern about natura l resource 
shortages. They insulated th eir 
hou se and reduced the tempera
tu re, keeping their bedroom ther
mostat at 55°F and their ma in fl oor 
and basement liv ing areas in the 
low 60°F range. At the same t ime , 
however, they we re logging more 
than 500 m iles a week in th eir 
th ree cars. They rare ly used publ ic 
transportat ion. Despi te th eir suc
cess in saving fuel oil , t he fam ily 
increased electri city con sum ption 
by 12 percent over last year. 

Hogan thin ks that risin g prices 
w ill increase conservat ion efforts. 
They may, however, also pro duce 
tension in families where mem
bers d iff er on temperature prefer
ences, transportation habits or 
other energy- related decis ions. 

Rising ut ili ty pr ices w ill hu rt 
low income families w ho have lim
ited money for the types of home 
im provements needed to con
serve. Hoga n's researchers found 
that wome n, part icularly those 
w ho are singl e parents or widows, 
often lack th e t im e, m oney, and 
skil l to make energy effici ent hom e 
improvements, such as insulatin g, 
caulking, or we atherstripping . 

As the burden of energy costs 
increases, Hogan thinks that com
m unity -based self-help groups 
may spring up to meet these 
needs and to put conservat ion 
methods within everyone's reach. 
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Weather Experts 
Help Meet Energy 
Needs 
LINDA J. CAMP 
Department of Inf ormat ion 
and Agr icultural Jo urna lism 
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WHEN FUEL SUPPLIES suddenly 
become ti ght in one location, peo
ple throughout the reg ion may 
ultimately feel th e pinch. The ex
periences of several states during 
th e past two w inters have demon
strated that even fairl y localized 
energy shortages can disrupt th e 
lives of people many miles aw ay. 
However, thes e unexpected prob
lems may one day be kept to a 
min im um . UM researche rs in cli
matology are finding out som e 
things that may help the people of 
the state to manage their energy 
resources more effectively. 

When the mean air tempera
ture is less than 65°F, heat is usu
ally required for bui ldings. Most 
gas and elect ric com panies keep 
careful track of such dips in tem
perature and use these measure
ments in calculati ng ov erall fu el 
requirements for particular loca
ti ons. A common way of express
ing the energy calculations is in 
terms of "heating degree days." 
Because of such factors as latitude 
and altitude, during th e course of 
a year different parts of the state 
accumulate different numbers of 
"heatin g degree days." A typical 
annual total for Intern ati onal Falls 
might be 10,000, while the Twin 
Citi es might be estimated at 8200. 

Although this system do es ena
ble utilities to estimate energy re
quirements fairly accurately, 
calculat ion errors can and do still 
occur. According to UM scientist , 
Donald Baker of the Department of 
So il Science , an im portant reason 

for t his is the way in which tem
perature measure ments are taken . 

"The major source of weather 
informat ion for utilities, agencies, 
and the med ia is the network of 
w eath er stat ions throughout the 
state," he ob served. "And these 
stat ions are usually located near 
airports or away from highly ur 
banized areas. Since temperatures 
are generally higher in cities, the 
airport temperatures do not repre
sent urban areas. As a result, ener
gy requirements for a city can 
easily be miscalculated." 

To get around these kinds of 
measurement problems, Baker has 
been working with graduate stu
dent Julie Winkler and professor 
Richard Skaggs, Department of 
Geography, and Earl Kuehnast, a 
cl imatologist with the Minnesota 
Depa rtment of Natural Resources 
to find some better ways of esti
mat ing temperatures for urban ar
eas. There are 21 weather stations 
throughout the Tw in Cities area 
w ith da ily tem perature records 
wh ich are at least 20 years in du
rat ion . Data collect ion is now 
nearly com plete. 

" We know that urban areas 
pr oduce heat because of the heat 
generated by people and build
ings. In addition, the man-made 
st ructures alter the way that solar 
radiation is absorbed," Baker said. 
" The tem perature readings we 
have been gathering will enable us 
to determine more specifically the 
magnitude of this heat 'island.' 
An d from this we will ultimately 

be able to make generalizations 
about temperatures in other cities 
throughout the state. People wh o 
need weather information for such 
purposes as calculating energy de
mands will thus have access to 
much more precise data." 

Baker and others have also 
been involved with a different 
project which complements the 
temperature measurement re
search. While considerable work is 
being done on solar and wind en
ergy as alternatives to fossil fuels , 
most seems to center on the de
velopment of engineering designs 
and technological applications 
rather than on the actual amounts 
of these elements available. In the 
second project, Baker has looked 
at the availability and dependabili
ty of solar radiation in various ar
eas of Minnesota. He used lengthy 
climatological records of radiation 
and can estimate probable solar 
resources for any time of the year. 

"This kind of information 
should be a real asset to people 
such as engineers, who are de
signing alternative energy sys
tems," he said. "It will help them 
to determine what kind of backup 
energy systems must be provided, 
and at what times of year energy 
reservoirs may be needed." 

There is probably no way to 
completely avoid energy short
ages. However, by keeping better 
track of the climate it may be pos
sible some day to keep one step 
ahead of at least some energy 
problems. 
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Conserving Energy 
in Livestock and 
Poultry Productio 
JACK SPERBECK
 
Department of Information and
 
Agricultural Journalism
 

Methods to save energy in poultry and livestock housing are being studied in this turkey housing 
at Rosemont. 

FOR MANY YEARS farmers 
weren't convinced that extra insu
lation and energy conservation 
practices in livestock buildings 
made sense. That was understand
able in the days of cheap energy. 

But now some farmers are go 
ing too far in the other direction. 
They're talking about putting in 
extra wall and ceiling insula
tion - insulation that will ulti 
mately result in very little extra 
energy savings. 

This is just one of the problems 
currently being uncovered by Ex
periment Station scientists who 
are looking at energy conservation 
in livestock and poultry produc
tion. Kenneth A. Jordan and other 
agricultural engineers are involved 
in a research to identify areas 



where some real energy savings 
might be possible. 

Methods to save energy in con
finement livestock buildings is a 
major area of study. In Minnesota, 
most of the energy that goes for 
heating animal confinement build
ings is used for poultry and hog 
systems. The equivalent of 23 mil
lion gallons of propane a year is 
used for heating turkey houses 
and 9 million gallons to heat far
rowing units. And, according to 
Jordan, major heat losses in these 
livestock buildings come from 
warm air that escapes through th e 
ventilation system. "From 80 per
cent to 90 percent of the heat is 
lost through ventilation systems," 
he observes. " Very little heat es
capes through the walls and 
ceilings." 

OVERVENTILATION LOSSES 

Jordan and his colleagues are 
studying ways to increase the effi
ciency of ventilation systems and 
save energy. The average cost of 
heating a turkey barn 70 feet by 
300 feet on a typical day in Janu
ary in Minnesota can be as much 
as $100. But the researchers be
lieve that by fine-tuning ventilation 
systems so that less air escapes, 
many farmers can save from 10 to 
20 percent on energy costs. Some 
may be able to save as much as 
50 percent. 

"The trick," says Jordan, "is to 
exhaust only enough warm air in 
winter so that the air isn't foul. It 
is important not to overventilate. 
By watching the animals in a 
building, it is possible to get a 
pretty good idea about whether 
the ventilation is adequate." 

The researchers have found 
that significant fuel savings are 
possible with improved ventilation 
management. Jordan, along with 
Larry Jacobson and other co-work
ers, has built a fan testing unit. 

PERCENTAGES OF TOTAL HEAT LOSS 
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They have also analyzed the ef
fects of dust and conditions of 
shutters and the guards on fan ca
pacity. "Just oiling and shutter 
hi nges improved the fan capacity 
up to 30 percent," says Jacobson. 

INSULATING FLOORS 

The agricultural engineers have 
also developed a computerized 
simulation to measure heat losses 
to the soil from heated concrete 
floors. They have found that insu
lation was more effective at reduc
ing heat losses when placed under 
the concrete slab than when it was 
placed vertically on the foundation 
wall. They also found that soil 
moistu re was an important factor 
in determining heat loss from the 
floor. 

Researchers say using a floor 
syste m to provide a portion of 
supplemental heat requirements 
for animal ventilation systems 
may save money. "This may be a 
cost benefit technique for storing 
and using energy from alternative 
energy sources, including solar en
ergy," says Jordan. Adding heat to 
the litter in a turkey barn may in
crease moisture vaporization from 
the litter and thus reduce ventila
tion air and supplemental heat 
requirements. 

The computerized model has 
showed that higher soil moisture 
causes more heat loss . When hig h 
water tables are present, however, 
the researchers don 't recommend 
using heated floors. In any case, a 
vapor barrier needs to be placed 
over the soil to control the re
wetting of the soil which tends to 
cause excessive heat loss. 

The researchers recommend 
placing an insulation strip 4 feet 
wide under the slab instead of 
along the wall. They say that fu ll 
floor insulation might be useful 
where a floor is used for solar 
storage. However, the amount of 
level saved probably does not jus
tify the cost of full floor insulation. 

HEAT EXCHANGE 

Sti ll another aspect of the work 
has focused on "capturing," or re
covering heat lost through ventila
tion systems of animal facilities 
and recycling it through the build
ing. The scientists have developed 
a formula for estimating heat re
covery. This concept is basically 
like the heat exchange system in a 
car's radiator, where heat from the 
engine block is exchanged into the 
radiator fluid. However, there are 
many problems to be ironed out 
when applying the formula to ani
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mal buildings. Moist, dusty air 
fouls th e heat exchanger and lim Energy and the its its usefulness. Filters plu g up 
easily and need to be changed al
most every hour to keep them 
clean . Thus, filtering air in animal Economics of 
vent ilat ion system s is not 
recommended. 

Jo rdan and his co-work ers are 
also study ing usin g solar energy 
to heat livestock and poultry 
barn s. They plan to develop a 
complete model of a tu rkey pro
ductio n facil ity to estimate t he ec
onomic feas ibility of alternative 
fu el sources, such as so lar energy, 
with varying production schedules. 

WASTES, BY-PRODUCTS 
FOR ENERGY 

A final dimension of th e energy 
conservat ion study is recycl ing 
wa stes for feed. Animal wa stes 
conta in energy that can be used in 
fe eds for catt le and sheep. Poultry 
litter and cattl e waste have been 
incorporated into catt le feed at lev
els as gr eat as 20 to 25 per cent of 
the ration with excellent results. . 
Research show s t hat poultry 
m anure is roughly equ al to aver
age quality hay fo r energy pur
poses. It also has f rom 25 to 30 
percent protein - higher t han 
good quality hay. Beef cows will 
eat this po ult ry manure, prov ided 
it is processed properly. So animal 
scientists have been investigating 
ensiling poult ry manu re to pre
serve its energy value as a feed 
and to avoid added energy costs 
in dryi ng th e material. 

In add ition to poultry manu re, 
Minnesota animal scient ists have 
studied other feed s, in cluding 
dried rum en wastes, sw eet corn 
cannery waste, soy protein prod
ucts and aspen bark. By recycli ng 
these feeds through rum in ants, 
better use is made of potential 
energy materials. 

Produ cing feed is only on e 
opt ion for capturing energy in th e 
wastes. Other opt ions include add
ing th e manure to the so il (the fer
t ilizing eff ect increases the am ount 
of solar energy captured by th e 
crop); using th e wastes to pr odu ce 
co mbustible gases; and using th e 
material directly as a dry fuel 
source. 
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Farming
 
MARY KAY O'HEARN 
Department of Informat ion and 
Agricu ltu ral J ournalism 

Robert Sandt examines the varying 
maturity of h is corn crop. He 
staggers the seeding so that pick ing 
and drying can be done at intervals. 

IF TOTAL FARM ACREAGE in Min
nesota were to shrink during the 
next decade, energy costs could 
be the cause. There could be other 
major shifts in agricultural produc
tion for the same reason. 

Changes in energy resources 
are likely to have a significant im
pact on Minnesota agricul ture in 
the future. And , because no one 
knows enough about where that 
impact might be, a UM research 
project is now taking a careful look 
at the interrelationship between 
energy and agriculture. The study, 
which is in its second year, is be
ing conducted by agri cultural 
economists, Harold R. Jensen and 
Vernon R. Eidman. The two are 
trying to invest igate a wide range 
of problems and come up with 
some ideas about what will be 
best for individual farmers in the 
years to come. 

About 4 percent of the energy 
used in th is country goes for agri
culture. And , according to the two 
scient ists, direct energy costs are 
fairly easy to investigate and add 
up. For example, it is fairly simple 
to figure out the amount of diesel 
fuel that it takes to disk a field to 
produce an acre of corn. But Jen
sen and Eidman point out that 
there are significant indirect ener
gy costs which need to be looked 
at as well. The energy cost of 
products before they reach the 
farm must also be considered, in
cluding such things as the energy 
required to produce tractors, har
vesters, storage bins, and to pro
duce and transport fertilizers. 

In addition, the scientists are 
trying to cons ider the inter-con



Sandt describes h is corn dr y ing o perat ion on his farm near Lake Crystal , Blue Earth County 
t o Vernon Eidman, Harold Jensen , and Cole Gustafson , UM grad uat e assistant. 

nectedness of agricultural energy 
problems. "We're asking som e 
fairly straightforward questions, 
such as if corn production in Min
nesota decreases, what will the 
impact be on l ivestock feeding," 
says Eidman. " And from this vve 
may get information th at relates to 
the entire United States." 

Variables in the wea ther are 
part of the study too. Back-to-hack 
growing season s can be as differ
ent as neighboring farms, and 
corn moisture is much higher in 
some years th an others. 

Although it will tak e five years 
before all the results of the study 
are in, some conclusions are al
ready emerging. 

GRAIN DRYING 

The w ork on grain drying has 
looked at eight case farms, rang
in g in size from 100 to 2,000 acres, 
f rom th e standpoint of initial in
vestment, costs of energy, 
owners hip costs, and operation 
cos ts. Two rates of inflation have 
been included as variables, along 
w it h three rates of energy price in
cre ases. Thus far, low temperature 
storage and drying appears to cost 
th e least for smaller operations, 
but a com bination of high-low 
temperature drying works best for 
larg er system s. 

Th is study hasn't evaluated so
lar energy sources because they 
are experimental at this point, and 

there is little data . However, Jen
sen feels solar energy could be 
important some day. "The so lid 
evidence needed for an on-the
farm system could develop as th e 
technology improves to meet en
ergy price rise s," he says. 

IRRIGATION 

An early look suggests th at in
creased fuel costs are not serious 
enough to halt investments in irri
gation projects which are currently 
considered sound. "The effect of 
increasing energy prices on invest
ment costs in irrigation equipment 
will probably be more important 
than the cost of electricity o r die
sel fuel to operate the irrigation 
units," Eidman says. "Water 
scheduling better timed to plant 
growth provides an opportunity to 
partially control operating costs," 
he adds. 

TILLAGE 

Redu ced tillage, which means few
er trips across the field, can cut 
energy requirements. However, 
the effect on crops and soil still 
needs to be determined. 

As some of the "givens" in the 
study change, for example, current 
energy costs, the study will be 
adapted to meet these changes. 
However, the goal will still be to 
come up with information that can 
help individual farmers decide 
which production system is best 
for them. 

Eventually, Jensen and Eidman 
hope to share their results with 
farmers at meetings throughout 
the state. And the day might be in 
the offing when a farmer can plu g 
his farm profile into a computer 
and receive back an assessment of 
the least-cost, most energy effi
cient method of operation for him. 
But before that can happen, Eid
man and Jensen know they will 
expend lots of their own energy 
fastening down the important var i
ables involved - initial capital in
vestment, insurance, depreciat ion, 
machinery parts replacement, etc. 

Both agree that sophisticated 
use of energy on the farm is here 
to stay. "I can't picture American 
agriculture going back to animal 
power," Jensen says . 
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From City Waste
 
to Country Gold
 
WILLIAM E. LARSON 
Soil Scient ist, SEA. USDA 
Department of Soil Science 

USING THE WASTES of the city to 
fertilize the crops on th e farm - is 
it an utopian idea, or an eminently 
practical one? 

Researchers with the USDA
SEA-AR and the University of 
Minnesota have been investigating 
the possibility of applying sewage 
sludge and eff luent to agricultural 
lands. If it works, it w ould be a 
means of returning the materials 
to a natural cycle w hich could 
solve disposal problems and be 
agriculturally beneficia l at the 
same time, It could also save 
farmers the money the y now 
spend on fertilizers and save 
the energy now used fo r 
sludge disposal. 

The researchers have found 
farmers and treatment plant oper

ators enthusiastic about applying 
sludge to land , but anxious for 
guidelines on rates and methods 
of application. 

A preliminary experiment in 
1971 at Hastings, Minnesota com
pared dry and liquid sludge with 
regular commercial fertilizer on 
corn plots. High crop yields and 
analyses of soils and plants 
show ed no detrimental effects 
f rom the sewage sludge applica
tions. Since then, other experi
ments have been done to answer 
the key question: can sludge and 
effluent be used on agricultural 
land wi thout creating problems 
such as metal uptake by the plants 
or polluting runoff water or 
ground water from the area? 

Duri ng the course of these 

projects the researchers have 
found that sludge and effluent 
each have a unique set of prob
lems to be tackled. With effluent 
containing significant amounts of 
nitrogen, the major concern is 
how to apply large amounts of 
water to a limited land area with
out creating water pollution prob
lems. Because effluent conta ins 
much nitrogen, when such treated 
water is applied to the land , about 
eight times as much nitrogen is 
being applied than most crops can 
take up during a growing season. 
Research has shown that corn, 
corn with ryegrass, and forage 
crops use up nitrogen best. 

Wi th sewage sludge, on the 
other hand , the major problem is 
the variability of the sludge. The 

Below, sewage sludge may on e da y be used in p lace of fertilizers for forage crops.
 

Right page, researchers analyze sludge regularly for trace metals and major plant nutrients.
 





D igest ed liqu id sludge from fiv e metro 
pol it an wastewate r treatment plants wa s 
used to determine prob lems re lated to 
metal uptake by pla n ts. com pos it ion var ies widely, de

pending on the extent of the t reat
m ent and the type of com m unity it 
comes f rom . In addition, composi 
t ion fr om a given w aste treatment 
plant va ries f rom hour to hour, 
day to day, week to w eek, and 
season to season. Therefore, th e 
sludge must be analyzed regularl y, 
part icula rly for trace metals and 
the major plant nutrients of nitro
gen, and ph osphorous. Zin c, cop
per, n ickel, and cadm ium are gen 
erally the metals of gr eatest con
cern. The f irst three are important 
because th ey can be toxic to 
pla nts, and cadm ium becau se it 
can potentially enter the food 
chain. 

Scientists have found that 
beets are very sensitive and usu 
ally are the first plants to exhibit 
metal to xi cities; feed grains are 
less sensit ive and grasses are the 
most tolerant to metals . Analysis 
has revealed that most of the ab
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sorbed metals accumulate in the 
leaves and stems, leaving th e 
storage tissue (fruit, roots, or 
grain) relatively free of metal 
enrichments. 

A nd, interestingly, the re
searchers have also fou nd that soi l 
acidity is the major soil character
ist ic that affects trace metal uptake 
by growing plants. Metals that se
verely reduce yields when soil 
acidity is low cause little or no 
yield reduction at higher pH levels. 
W hen soil pH is above 6.2, only a 
very small per centage of sludge
borne metals are absorbed by a 
given crop and few heavy metals 
leach into groundwater. 

The research is continuing to 
try and determ ine the economic 
value of the waste materials as a 
source of plant nutrients and to 
collect information on which to 
base recommendat ions for proper 
management of waste materials in 
agricultural production. 



Science Notes
 

PEAT: A NEW ENERGY RESOURCE 

One of Mi nnesot a's new est en
ergy resources may also be one of 
its oldest. Several thousands of 
years ago over 7 million acres of 
peatlands began to form through
out the state. Today, with threat
ening fuel shortages ma ny people 
are taking an interest in this peat 
and are trying to find out if indeed 
it m ight be a potential source of 
fuel. 

Among th ose studying peat is 
Rouse Farnham, of th e Depart
ment of Soil Science at the Uni ver
sity of Minnesota. Farnh am , wh o 
is known internationally for his 
work with peat, estimates that one 
day Minnesota could produ ce as 
mu ch as 10 percent of its energy 
f rom thi s fossil fuel. He is cur
rent ly working on four different 
projects w hich are expl oring appli
cat io ns of peat in energy, agricul
ture, and fore stry. 

During the past two years, 
Farnham and other UM research
ers have worked closely with staff 
of the Minnesota Department of 
Natural Resources (DNR) in map
pi ng the state's peat resources. 
This survey was the first com pre
hensive inventory of peatl ands to 
be und ertaken in Minnesota. Farn
ham 's special role in thi s project 
has been helping to classify peat 
samples. A joint study of present 
and pote ntial uses of peat is also 
being undertaken. 

One of th e future uses Farn
ham sees for peat is for energy. 
He belie ves there are four w ays in · 
wh ich this can be accompl ished. 
The first of thes e is gasification. 
Synthetic natural gas is cu rrent ly 
being refined from coal. Since 
peat represents an early stage in 
coal formation, Farnham beli eves 
a similar process can be used to 
produce pipeli ne quality gas fr om 
peat. However, the technology for 
peat gasification has not been ex
tensively developed yet and it is 

not clea r wh ether such gas would 
be econ omically com pet it ive with 
cu rrent fu el sources. 

The second option, liquefaction 
of peat, involves burn ing biomass 
products, such as wood or cattails, 
to form a liquid fuel that can be 
refined into gasoline or light oils . 
However, t his proce ss is only be
g inning to be developed under 
lab oratory condit ions. Peat can 
also be chang ed into energy 
through direct com bust ion, as is 
done in Europe today. Farnham is 
lookin g into the po ssibility of 
burning peat directly as a fu el in 
mun icipal pow er and heating 
pla nts. 

The fin al wa y peat can be used 
for energy is more speculative. In 
this process, which is called bio
mass production , peat would act 
as a so il nutr ient for growing 

plants, such as cattails, wh ich 
would be burned in direct com 
bustion for energy. The U.S. De
partment of Energy has awarded 
Farnham a grant to research the 
possibility of producing biomass 
crops which could be used as en
ergy sources on peatlands. 

" Peat is a proven energy re
source - one that European coun
tries have burned for centuries in 
the form of compressed sod or 
briquettes, " says Farnham. "But 
nowhere in the United State s to
day is peat being used for such 
purposes." 

The Minnesota Energy Agency 
predicts that the state of Minneso
ta will face an energy supply defi
ciency by 1985 if present energy 
usage trends continue. Farnha m 
believes Minnesota peat reserves 
could help allev iate this shortage. 

Peatlands, such as t h is one in Pine County. could one day pro vide as much as 10 percent of the 
energy fo r the peop le of Minnesota . 

MINNESOTA SCIENCE. VOL. 34 WINTER 1979 15 



Ro yal Knight Ch rysanthemu ms. 

Agricultural Experiment Station 
University of Minnesota 
St . Paul, Minnesota 55108 
Keith Huston, Director 
Publication 
Penalty for private use, $300 

ADDRESS CORRECTION REQUESTED 

NEW MUMS FOR 1979 

The University of Minnesota's 
Department of Horticultural Sci
ence and Landscape Architecture 
has introduced two new cultivars 
of garden chrysanthemums for the 
1979 gardening season . Developed 
by horticultural researchers, Rich
ard E. Widmer and Peter D. 
Ascher, the two new varieties have 
been named "Minnqueen" and 
"Royal Knight." 

Minnqueen plants average 12 
inches high and 24 inches wide. It 
has 3-inch flat, lively rose-pink 
blossoms. Royal Knight produces 
3Y:z-inch velvety maroon-purple or 
burgundy flowers with a silvery 
underside. The flowers have 
shown above average frost resis
tance. Royal Knight plants average 
12 to 15 inches across and 20 
inches high. 

Both plants usually start flow
ering in mid-September and have 
shown disease tolerance in plant 
disease nursery tests. 
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