


interview with theDIRECTOR� 
Constraint, conflict, and con tra

diction marked agriculture in 1973 
and may likely continue this year. 
For the first time in more than three 
decades people across the land are 
getting anx ious about their food 
supply. World demand for our agri
cultural products, the ability of agri
culture to meet the food supply 
challenge, and our national priori
ties are some of the questions in 
search of answers. 

We asked William F. Hueg, Jr., 
Director of the Minnesota Agricul
tural Experiment Station, about the 
perplexities of the current situation: 

EDITOR: We hea r optimistic reports 
fro m some agricultural spokesmen, yet, 
Dr. Hueg, many American consumers 
seem frankly confused or pessimistic 
about the outlook for food prices and 
availability in the country. Would you 
comm ent? 

HUEG: It's not difficult to understand 
why many are anxiou s. We are in a time 
of ch ange, moving from surpl us to scar
city - from overflowing bins to food and 
feed shortages. Farm pro ducers have a 
bull ish att itude toward crop produ ction 
opportunities in 1974 as reflected in the 
early intentions of planting reported in 
January . If these intentions materialize 
into actual practice the supply of feed 
grains and other crop commo dities will be 
subjec t to increase but at th is time, and in 
fac t until the crops are harvested and in 

" Agriculture is the only industry 
that has increased the balance of 
payments for United States trading 
with foreign countries." 
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the bin, it is hard to predict what will 
actually be accomplished because of va
garies of weather and many other exter
nal factor s. Whether world demand for 
agricultural products will remain high de
pends up on what levels of production are 
experienced in other part s of the world 
in th e '74 c rop season . 

EDITOR: Why has worldwide demand 
become such an important factor in the 
past year? 

HUEG: Worldwide population increases 
and rising incomes and affluence in many 
nations have place d a stress on existing 
food producing systems, but we should 
not be surprised at the events that have 
taken place. For the first t ime in histor y 
there are hung ry nations with money and 
in a position to bargain for available foo d 
and feed grains in the world market. De
veloping nations with rising popu lations 
face the probl em of marginal food sup
plies. More developed nations are str iving 
to raise their standards of living by con 
ver ting mor e grain into animal products. 
I t is believed th at the Soviet Union can
not consistently feed itself. 

EDITOR: Yes, but with the Unit ed 
States' techn ological capacitie s, why are 
we not able to quickly meet the demand? 

HUEG: Societal , politi cal, and environ
mental restr aint s on foo d producing sys
tems in this country have mult iplied. The 
soaring offood p rices recently was paral
leled by price escalation in the essential 
resource inputs of energy , land, water, 
and fertil izer. Agricul ture to a nonagri
cultural pu blic is too often perceived as 
conflic ting with their priorities, resulting 
in constra ints being imposed on the food 
producing systems. 

EDI TOR: What are the roadblocks to 
greater agricult ural product ion? 

HUEG: The irreversible loss of about one 
million acre s of agricultural land each year 
to airports, highways, shopp ing centers, 
factor ies and housing or environ mental 
co nstraints or impact assessments placed 
on irrigable land wor k a t cros s purposes 
with food and feed producing systems. 
The banning and restr icting the use of cer
tain chemicals for food produc tion and 
preservation has resulted in increased 
costs of production and reduced yields 
and placed constraints on quality in some 
foo d processing systems. 

EDITOR: How do agriculturists defend 
their position in the face of growin g con
cern with environmen tal prese rvation ? 

HUEG: Agricul ture is the only major in
dustry in this nation where the energy 
output is greater than the inpu t-at least 
this is true for crop production. The 
products from agriculture, forestry, fish
eries, wildl ife and rangeland are renewabl e 
resources. One. way to assure tha t these 
renewable resources continue to serve 
mankind is to provide adequate research 
support to assist in solving some of the 
immediate problems but mos t important 
to capitalize on the future opportunities. 

EDITOR: How has agricultural research 
had an economic and social impact in 
Minnesota in recent years? 

HUEG: Soy beans are a good example. 
They were grown on 4.4 million acres of 
Minnesota farmland in 1973 and estimates 
are for an increase to 4.7 million in 1974 . 
We can conservatively assume that a one 
bushel per acre yield increase can be ex
per ienced each year as the result of new 
technology developed through research in 
public institutions. This technology is in 
the form of new varieties, cuitural prac
tices, and improved harvesting methods. 
Assuming an average price per bushel c 
$3 for soybe ans (which is very conserva
tive for the 1973-74 marketing season), 
this yield incre ase added incom e of $13.2 
million at the farm level. There is a mult i
plier effec t as a result of this increased 
produc tion represented in income from 
transportati on, processing and marketing, 
and all of the job s involved with those 
ac tivities. Higher per acre yields assure 
tha t farm ers can grow soy beans compe ti
tively and, also, consumer costs will be 
lower tha n they would be with less favor
able yields. 

The average 200-pound hog going to 
mar ket in 1974 has 22 pounds less lard or, 
to put it ano ther way, 22 pounds more of 
lean meat than 200-pound hogs markete d 
20 years ago. This mean s that pork is a 
better food buy in 1974 th an it was 5 
ye ars ago, and because of continu ing re
search on improved breeding methods for 
better meat qual ity pork in the future will 
be an even bette r buy . The consumer 
may complain about the cost per pound 
of the produc t purchased bu t in fact she 
is buying more lean meat now than ever 
before. 

The release of a wheat variety from the 
Minnesota Agricultural Exp eriment Sta
tion in 1970 has generated over $26 mil 
lion of extra farm income in 1973-74 thar, 
woul d have been available if the standard 
varieties were still being grown. Approxi
mately 800,000 acres of Era wheat were 
grown in Minnesota in 1973. This variety 

)� 

2 



yields 6 to 8 bushels more per acre th an 
the standard varieties. Based on a conser
vative average price for wheat during th is 
marketing season Era results in $ 26 mil
lion addi tional income. This fur ther as
sure s that the re will be a good supp ly of 
wheat for bread. 

EDITOR: What about the cost for this 
kind of research? 

HUEG: The speci fic investm ent cos t for 
Era wheat would probably not exce ed 
$300,000 . The variety resulted fro m a 
continuing research program of wheat im
provement which looked not only at yield 
but wheat quality , disease resistance, and 
all of t he fac to rs necessary to produce a 
high quality market able product to meet 
the do mestic and world demand . There 
are several lines being evalua ted simulta
neously in the breeding program, which 
result s in lowe r cost per var iety release as 
well as an opportunity to develop addi
tional new varieties. 

And these are only a few of th e cont in
uing research act ivities at the Minnesota 
Agricultural Exp erimen t St ation. Even 
erea te r dollar values have been realized 
rrom other research . More import antly, 
if we look at th e total ex penditure of 
fun ds from all sources, the per capita ex
penditur e is about $2.50 or about $ 10 for 
the ave rage family of four per year. 

EDITOR: What' s the outl ook for agricul
tur al research in Minnesota? 

HUEG: The ch allenges ahead as well as 
the oppor tunities for a strong agricult ure 
in Minnesota and throughou t th is nation 
are dependent on research result s coming 
at an even faster rate . Agricultu re is th e 
only industry that has increase d the bal
ance of paym ent s for United States tra d
ing with foreign co unt ries. For the for e
seeable fu tur e it would appear that th is 
increase will con tinue. The easiest prob
lems have been tackled and solu tions 
found. The problems that lie ahead are 
more difficult , will require greater effort, 
and if the y are to be resolved in reasona
ble per iods of time, will require great er 
expenditure. If by some concer ted action 
we were to double the research effort at 
the Minnes ot a station over the nex t 3 
years we co uld assure tha t Minneso ta 
would remain strong in thi s industry na
tionwide and worldwide ; we would con
tinue to provide 30 pe rcent or more of 
the em ployment of the Minnesota labor 
force ; and we wou ld assure that 40 per
cen t or more of the economic wealth of 
th is state woul d come from a strong food 
and feed production system. 
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ANIMAL MANURE -
Fertilizer or 

Pollutant? 

Intensive poultry producti on can create potential manure disposa l prob
lems. This article reports on a greenhouse study in wh ich Mr. Behrens 
applied turkey droppings at the rate of 100 tons pe r acre. 

MINNESOTA SCI ENCE 

RUSSELL S. ADAMS, JR. 
professor , Soil Science 

CHARLES T. BEHRE NS 
gradua te research assistant, Soil Scien ce 

How we handle animal manure needs reevalua tion be
cause of the growin g concern for preservat ion of our environ
ment and conservation of energy. Animal manur e disposal 
p roblems are not nea rly so acute in Minnesot a as in some other 
livestock producing states. While Minnesota farmers may not 
use manure with the greatest effi ciency, they do return mo st 
of it to the land. Poultry m anure has caused some difficul ties 
because large flocks co ncentrated near urb an cen te rs can create 
manure disposal p roblems when such wastes accumulate . 

We'll use the poultry manure pro blem to discuss some of 
the values and method s of returning manure to the land. And 
we'll suggest practic es that could maximize crop producti on 
efficie ncy and minimize environmental deterioration. The nu
trient s in manure are neith er as efficiently used nor as poten
t ially available for plant nutri tion as the mineral commercial 
fertilizers. Consequen tly, manure has the greate r potential for 
pollution unless sound managemen t practices are followed 
dur ing collection, storage, and disposal . 

In 1973 Minnesota farmer s raised 23.2 million turkeys. 
Calculating from dat a pu blished in 1963 by Hart in an article 
called "Fowl Fecal Fac ts," in World's Poultry Science , these 
birds would prod uce about 19.3 million cu bic feet of manur e 
for disposal in one year. Tha t' s about 584 thousand tons of 
fresh manure. In 1973 Minnesota farmer s kept about 12 mil
lion laying hens and produced about 11 million broilers. These 
annually produ ced about 423 thousand tons and 55 th ousand 
tons, respec tively of wet manure. A hen produces abou t 0.2 
pound of wet manure daily , a broiler 0.1 pound and a tu rkey 
0.33 pound. The se num bers are averages estim ated from the 
data sup plied by Hart. Manure production by poultry as re
ported in the lit erat ure var ies widely, depending up on the age 
and breed of birds, rat ion, and other factor s. 

Poult ry manure usually contai ns about twice the nutr i
ents of o ther livestock manures. However, the value of th is 
manure in soil fertili ty and plant nutrition may range from vir
tually nothi ng to seve ral dollars per ton. How manur e is han
dled and stored before reaching th e field , the spreading and in
corporation meth ods used in the field, moisture conditions of 
the m anure , nut rient loss, and the amo unt of litt er are some of 
the var iables that affec t nu trient content . Th erefore, absolute 
estima tions of plant nu trien t content wou ld be misleading. 

Dry matter content m ay vary from 12 to 82 percent de
pending upon whether it is store d wet or dry. Some research 
ha s been repo rt ed on a dry m att er basis, some at a constant 
moisture con tent such as 75 percent and some on a wet ma teri
al basis witho ut correc tion to a uni form moistu re content. 
Such inconsistencies easily lead to confusion . Fresh po ult ry 
droppings normally have a moisture conten t of 70 to 75 per
cen t. The range of major nut rien t elements in poul try manure 
is as follows: 

Nitrogen . . 0 .5 to 4 .5% 
Phosphoru s . 0.3 to 4 .8% 
Potassium. 0.2 to 4.0% 
Calcium . .. 1.0 to 16.0% 

Poultry manu re may be wort h as litt le as $3.00 or as 
much as $30.00 per ton. The costs of spreading or applying 
the manure on land varies with the size of the flock (the larger 
flock generally perm its greater efficiency) and the distance to 
the field . Conseque ntly , the cost of manu re spreadi ng is an
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other large variable that ranges from as little as $1.00 to as 
much as $ 10.00 or more per ton. Therefore the value of fertil
izer elements in the manu re barely equals , or is less than, hand
ling costs in many instances. Such unfavorabl e economics have 
made it difficult for large poult ry operations to find willing 
purchasers for their manure. 

Predicted shortages of nitrogen fertilizer and greater so
cial pr essures to "sanitize" our environment may make manure 
use as fertilizer more acceptable, if not more economical. 

Storage and Handling 
Researchers at the Connecticu t Agricultural Experiment 

Sta tion reported in 1950 that 60 percent of the nit rogen in 
poultry manure is in the form of uric acid, which readily con
verts to urea. Under warm, moist condi tions urea readily de
composes to ammonia which accounts for the pungent odor 
coming from many poultry houses. They reported that up to 
62 percent of the nit rogen in poultry droppi ngs could be lost 
within 28 days if no precau tions were taken. 

Adding superphosph ate to manure has lon g been advo
cated by experiment stations, but few farmers may realize that 
this practice conserves the nitrogen in the manure in the form 
of ammonium phosphate. The superpho sphate also adds fertil
izer value to the manure . Low analysis, 20 percen t superphos
phate, is quite effective in retarding the nit rogen loss. While 
the higher analysis superphosphate fertilizers are less efficient, 
they still may effectively retard this loss. Approximately 500 
pounds of phosphatic fer tilizer per ton of poultry manure is 
recommended. 

Adding chopped straw, sawdust, and woodchips for with
in house composting will improve the handling quality of the 
manure and help conserve nut rient s. These materials form 
acids which combine with the ammonia to form less volatile 
salts. Adding hyd rated lime is not recommended because lime 
raises the pH of the manure and hastens the conversion of urea 
to free ammonia which increases the pro bability of volatiliza
tion and loss. Spreading poultry manure on the surface of cal
careous or h igh pH soils witho ut incorpora tion into the soil 
will cause the same volatilization and loss. 

Manure stored inside closed buildings in liqu id-tight pits, 
or stored dry, loses com paratively littl e of its nutrients. Sever
al studies indicate that up to 75 percent of the nitrogen, 75 
percen t of the potassium, and 30 percent of the phosphorus 
may be lost within one year from open piles. Freezi ng and 
thawing serve to "release" phosphorus and nitrogen and in
crease the leaching losses of these elements. Consequently, 
open pile storage leads to loss of valuable nu trients, deterio ra
tion of the manure, and presents a potential poilu tion hazard 
to the surrounding environment. 

Application of Poult ry Manure as Fertilizer 
Poult ry manure should be applied to the land in a man

ner that allows the crop to make the most efficien t use of the 
nut rient s and in a way that will reduce potential pollu tion 
hazards. 

Poultry manure is ofte n referred to as being very " rich." 
Its relatively high content of quickly available nutrients and its 
high salt content may lead to " burning" and yield reduction 
if applied directly to a growing crop . This ready availabili ty 
makes the manure highly subject to leaching and runoffl osses 
from fall rains and late winter runoff. For example, some re
search has shown virtu ally no response from poul try manure 
applied in late fall or winter to sod crops. The nut rients were 
lost before the growing crops could intercept, or before the 
frozen soil became sufficiently permeable to water to capture 
them. Consequently, poultry manure should no t be applied 

in the fall in our Minnesota climate unless it can be plowed 
down before "freeze-up." Our research shows that simulated 
plow-furrow applications resulted in the least loss of nutrients 
from the rooting zone and the least leach ing of nitrates in the 
soil. 

Experimental Studies 
In a greenhouse study at the University of Minnesota we 

filled lysime ters, 12 inches in diameter and 39 inches deep, 
with a silt loam to simulate a 3-foot profile of the Kennebec 
silt loam soil series. 

Four incorporation practices were simulated in triplicate: 
check plots received no manure and were hand-weeded 
once each month. 
manure was plowed under to a 6-inch depth. 
manure was disced into the top 4 inches. 
manure was added to the sur face as a slurry of two parts 
water to one part wet manure. 

Turkey droppings were applied to the soil at a rate of 
20 tons of wet manure per acre per month at 5 monthly inter
vals for a total of 100 tons . This rate contained about 4,200 
pounds of nitrogen, 3,000 pounds of phosphorus, 2,200 
pounds of potassium, and 6,000 pounds of calcium per acre. 
Water was added to the soil surface by sprinkling a total of 
15.68 inches of water at rainfall frequency and amount nor
mal for May through Septe mbe r, in the St. Paul area. Water 
leaching through the lysimeters was collected and analyzed for 
major nu trient elements throughout the study. At the conclu
sion of the study the soil in each lysimeter was sampled at 
6-inch increments and analyzed for major nutrient elements. 

Table 1. Nutrients recovered from the soil profile and from water leach
ing through th e soil profile after adding 100 tons of turkey manure per 
acre av er a 5-month period. 

To tal amounts in leachate Total remaining in soil 
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gallo ns pounds 
per acre per acre 

No manure chec k 100,036 1.5 142 nil 12,966 72 1 9 16 
Plow-furrow 108,381 1.3 186 nil 14, 579 4,241 1,271 
Disced in 133 ,381 2.0 22 2 nil 14,494 3,373 1,344 
Slu rry 159,177 2.6 33 5 nil 13,430 2,737 1, 185 

Several of our observations are note worthy from an en
vironm ental standpoint. Phosphorus and nitrogen are the two 
pr incipal nutrients of concern in environmental pollu tion. 
Phosphorus did not leach through our soil profile. 

In our slurry treatment all of the increase in soil phos
phorus occurred in the upp er 6 inches and in the upper foot 
with the " disced in" and plow-fur row applications. Ther efore , 
there was no poilu tion hazard from phosphorus in the manure 
except in runoff, which was not permitted to occur in our ex
periment. Plow-furrow applications of the manure would min
imize poilu tion from runoff. 

Ammonium-nitrogen does not leach readily and only 
small amounts moved downward through the profile. Very lit
tle would likely reach the water table unless it was very shal
low. All of the increase in ammonium-nitrogen in the soil pr o
flle was found in the surfac e 6 inches. 

Fallow conditions accelerate decomposition of soil hu
mus and the production of nitrate-nitrogen. This was demon
strated by the large amounts of nitra te-nitrogen that leache d 
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through and the substantial amount s present in the check treat
ment profile. Nitrate-nitrogen is soluble in water and is not 
absorbed by the soil particles. Considerably more nitr ate-nitro
gen passed through the profile of the "di sced in" and slurry 
incorpor ations than through the plow-furrow incorpora tion. 
Manure applied at the annual rate of 100 tons per acre with 
either of these methods of incorporation would pose a poten
tial ground water pollution threat in this soil type. This rate 
with plow-furrow incorporation would be about the maximum 
aceep table application to this soil type without undesirable en
vironmental pollution . 

Greater amounts of nitrate-nitrogen passed through the 
" disced in" and slu rry incorporation profiles even though con
siderably less of the applied nitrogen was accounted for. In 
the plow-furrow incorpo ration 1as percent of the applied ni
trogen was found , 85 percent in the " disced in" incorporation, 
and only 54 percent in the slurry incorporation. These data 
suggest that considerable volatilization of ammonia occurred 
when the manure was only partially incorporated into the soil. 

Manure applied as a slurry to the soil surface greatly en
hanced soil permeability. This was reflected in the much 
greater amounts of water moving through the soil profile. Sur
face mulches increase soil infiltration rates by reducing surface 
sealing, and thus, reducing water erosion. However, this con
tributed to the increased nitrate-nit rogen leaching. The 
" disced in" treatments showed this same characteristic, but to 
a lesser degree. 

Manure slurry as a crop mulch may have several other 
disadvantages, particularly if poultry manure. The rate in this 
exp eriment prevent ed weed seed germination , perhap s because 
of a salt effect or some toxicity from the freshly decaying 
manure. Crop seeds would probably be similarly affected . All 
other treatments grew luxur iant volunteer weed crops. Manure 
slurries also increase the odor potential and decomposition 
rate. Soils in our experiments were also more droughty under 
the slurry mulch. 

Bear in mind that the rate used in this study was a dis
posal rate. This amount should not be applied to soil in suc
cessive years. Such rates have use only to poult ry farmers 
where disposal on limited acreages is desirable. Furth ermore, 
such heavy applications increase the potassium conten t of for
ages and decrease magnesium conte nts. Such conditions lead 
to grass tetany in cattle according to a repor t by researchers at 
a 1971 International Symposium on Livestock Wastes. (Recy
cling Broiler House Litter on Tall Fescue Pastures at Disposal 
Rates and Evidence of Beef Cow Health Problems. Columbus, 
Ohio, Livestock Waste Management and Pollution Abatement, 
pages 32 1-3 24, 328, 1971) . Nitrate toxicity from the forages 
may also occur. These workers considered about 4 tons per 
acre as the maximum acceptable application for stan ding tall 
fescue. Exceedingly high disposal rates should not be used 
when establishing either a grass or silage crop for these reasons. 
Rates of the magnitude used in our study would lodge small 
grain also. This limits such heavy poult ry manure applications 
prett y much to corn grain production. 

Our study demonstrated, however, that to achieve the 
two goals of preserving our environment andconserving energy, 
plow-furrow incorporation of manure offers the greatest prom
ise. This method of incorporation maximized the amount of 
nitrogen retained in the soil, and thus, available for crop use. 
It also minimized the amount of nitrogen escaping to the at
mosphere and leaching through the profile, while burying the 
manure to retard surface runoff and erosion losses. Therefore, 
to maximize nutr ient conservation and availability to plants 
and to minimize potential polluti on problems, poultry manure 
should be plowed into the soil as quickly as possible after ap
plication. 

MINNESOTA SCIEN CE 

Electron 
Microscope 

Opens Submicroscopic World 

R.J. ZEYEN 
assistant professor 

Plant Pathology 

B.L. SHEARER 
graduate research assistant 

Plant Pathology 

In 1968 the Minnesota Agricultural Experiment S tation 
established a Cooperative Interdepartmental Electron Micros
copy Laboratory in response to the needs of members of the 
Institu te of Agriculture. TIle laboratory is under the direct su
pervision of Richard J. Zey en, assistant professor of plant pa
thology , and is operated according to guidelines established by 
an Interdepartmental Electron Microscopy A dvisory Commit
tee. The facility has been used by over 50 researchers from 
various departm ents (Agronomy and Plant Genetics;En tomol
ogy, Fisheries, and Wildlife; Food Science and Nutrition;Hor
ticultu re; Plant Pathology;and Soil Science). 

Al though the laboratory is operated as a service facility , 
all researchers are required to perfo rm their own research tasks 
or provide trained technical assistance. The laboratory has 
transmission electron microscope and support ing equipment. 
Special equipment and scanning electron microscope time are 
available to members of the Experiment Station through time
rental agreements f rom other portions of the University com
mun ity . 
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Spec imens read y for viewing in a transmission electron microscope are placed on the small copper disc (grid) made of fine wire mesh. The grid serves 
t he same p urpose as a glass sl ide used with transmission light microscopes. These grids may hold millions of small virus particles of 100 or more sec
t ion s of ti ssue. The grid is so small because of the optical design of the electron microscope. 

Today, more than ever, we are dependent upon the 
health and well-being of economically impor tant plant s. But 
plant s, like man, are subject to a wide range of diseases. Many 
plant diseases cause serious economic losses and may even pre
vent the growth of cro ps in certain areas. Many plant diseases 
are caused by microbe s (fungi, bacteria, myco plasmas) and vi
ruses which are invisible to the huma n eye. Development of 
the light microscope about 380 years ago opened up the invisi
ble world of microbes and led to many advances in human, vet
er inary , and plant medicine. Man's realiza tion that microbes 
cause disease represented a major milestone in human achieve
ment. 

For more than 75 years, how ever, we have kn own of dis
ease agents that could not be seen with light microscopes. In 
addition, many disease causing microbes tha t could be seen 
with light microscopes were too small to be studied in detail. 
Improvement in light microsc opes is limi ted because the wave
length prop erties of light impose a definit e limit on how small 

of an object can be detec ted . The physical limit imposed by 
the wavelength of light was overcome by using beams of elec
trons th at have shor ter wavelength p roper ties. Microscopes 
that used beams of electrons instead of light were first devel
oped in Germany and Canada in the late 1930 's. Electron mi
c roscopes, for technical reasons, are of ten physically larger 
than light microscopes (see cover photo) and are capable of al
lowing us to view objects 1000 times smaller than can be de
tected with the best l ight micro scopes. 

Electr on micro scopes have opened the " su bmicroscopic 
world" to man. Just as men 300 years ago were astounded by 
their first glances int o the microscopic world we are now a
mazed by the even smaller submicroscopic world . Basically, 
electron microscopes consist of an elec tron-p roducing gun in
side a large metal column that contains an electromagnetic op
tical system (as opposed to glass len ses in light microscopes). 
Images from electron microscopes are made visible to the hu
man eye by projecting them onto fluore scent screens. Any 
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A TEM photograph of the cytoplasm (living matter) of a potato leaf 
cell infected with potato virus Y. As th e virus multiplies it leaves typi
cal "cytoplasmic signatures" or structures embedded in the living mat
ter. The arrow points to a " p inwheel" structure typical of the potato 
virus Y group of plant viruse s. The bar represents 200 nanometers 
(O.OOOOOS inches], 

Cover ph oto. The tr ansmission electron micr oscope allows sci
ent ist s to see object s th at are 1,000 t imes smalle r than is pos si
ble with t he best light micr oscopes. As elect rons pass th rough 
the specimen an image is project ed onto a flourescent screen. 
The screen appears green in the cover photo. All phot os on 
pages 8-11 were reprodu ced on pho tographic film exposed to 
images projec ted by t he electron micr oscop e. 

form of electron microscopy in which elec trons are passed 
th rough a thin specimen is known as transmission elec tron mi
crosc opy (TEM). Any form of electron microscopy in which 
the elect rons are projected at, and gather ed from the surface of 
an object is known as scanning electro n microscopy (SEM). 
TEM is generally used for viewing very small objects and thin 
sections of tissue; while SEM is generally used for viewing sur
face phenomena. Photomicrographs produced by SEM appear 
almost th ree dimensional and are Widely used in newspapers 
and magazines. 

Transmission Electron Microscopy and Plant Diseases 
TEMis indispensable in the stu dy of plant diseases caused 

by viruses. Generally, viruses causing plant disease are so small 
that they cannot be seen by any form of microscopy excep t 
TEM. Because certain viruses can be seen with TEM, these mi
croscopes have become routine tools in diagnosing certain plant 
viruses. Plant pathologists extract a small drop of sap from a 
diseased plant and, using a simple technique called negative 
staining, are able to identify cert ain viruses or ca tegories of vi
ruses within a ma tte r of minutes. 

Rapid diagnosis of plant virus diseases is very desirable 
and oft en has immediate economic impact. Recen t ex amples 
of plant virus diseases diagnosed in Minneso ta field and. green
house crops inclu de: to bacco mosaic virus infecting commer
cially grown greenho use tomatoes (Fig. 3), bean yellow mosaic 

MINNESOTA SC IENCE 

SEM photograph of the overwintering spores (marked with SI of a leaf 
rust fungus on wheat. These spores grew from inside a wheat leaf and 
ruptured the leaf surface. They would eventually be blown by the wind 
to susceptible plants other than wheat. The bar represents 10 microns 
or 0.0004 inches. 

virus infecti ng peas, hyd rangea ringspot virus in florist' s 
Hydrangea, iris mosaic virus in commercially grown Iris, and 
numerous flexu ous-rod shaped viruses of pot atoes, including 
potato virus X. 

Viruses cause damage by multiplying inside individual 
cells of their plant hosts. TEM is a powerful tool in researching 
the mechani sms of virus multi plication in plant cells. Often , as 
viruses multiply in a plant cell, they leave characteristic "cy to
plasmic signatures" or structu res embedded in the cytoplasm 
(living ma tter) of infected cells. These " signatures," in addi
tion to their scientific value, are sometimes quite striking and 
beautiful. Note the " pinwheel" signature left in a leaf cell of 
potato infected with potato virus Y in Figure 1 above. TEM 
is one of the primary instruments used to gain information and 
knowledge of how viruses cause abnormal plan t growth and reo 
duce yields. 

At the Experiment Statio n we have used TEM to study 
plant tissues being att acked by such microbes as fungi, bacteria, 
and mycoplasmas. All these microbes are kn own to cause 
serious diseases of economically important plants in Minnesot a. 
We have and are cu rrently using TEM to study such diseases as 
powdery mildew of barley, bacterial toxemia of soybeans, soy
bean mosaic virus, aster yellows disease of barley and flax, po
tato viruses, and Sep toria fungi attacking cereal crops. Re
search is directe d at obtaining both applied and basic informa
tion useful in combating these diseases. 
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TEM photograph of the rather stiff, rod-shaped virus particles of to
bacco mosaic virus isolated from commercially grown tomatoes. 
This virus causes severe damage to vegetable crops throughout the 
world. The bar represents 200 nanometers or 0.000008 inches. 

SEM photograph of the spores of a Septoria fungus on 
the surf ace of a wheat leaf. These cigar· shaped spores 
are now in a position to attack the surface and enter 
the tissues beneath, The bar represents 10 microns or 
0.0004 inches. 

SEM photograph of the spores (marked with S) of a Septoria fungus. These 
spores have ooz ed from the opening of a reproductive structure situated be
neath the wheat leaf surfac e, throu!tl a natural opening (arrow), to the leaf 
sr rfece. From here they can attack new leaf tissue. The bar represents 10 mi
crans or 0.0004 inches. 
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Photograph ta ken with a light m icroscope of the rep roduc t ive structu re 
of a Sep toria fungus th at attacks wheat. The structu re has actually 
grown in th e t issue ben eath the su rface of the wheat leaf. Bar repr e
sen ts 20 mic ro ns or 0.0008 inc hes. 

SEM photograp h of th e rounded reproduct ive st ructu re of a Septar ia 
fungus growing in the tissue ben eath the arrface of a wh eat leaf. The 
reproduc tive st ructu re is filled with lon g, slender spores (marked with 
S I of th e fun gus. The bar represents 20 mic rons or 0.0008 inches. 

10 MINNE SOTA SCIE NCE 

Scann ing Elec tron Microscopy and Plan t Diseases 

SEM is nor mally used to study surfac e phenomena. In 
studying plant diseases, SEM has often been used to observe 
the distribu tion of fungi and bacte ria on plan t leaf and ste m 
sur faces. To date , the primary use of SEM has been to study 
h ow plan t pa thogenic fungi begin the ir att acks at the surface 
of plan t parts (Figs. 2, 4 , 8). In Minneso ta we have co ncen
tra ted ou r SEM effor ts on small fu ngi of the genus Septoria 
that can cause severe disease of cereal crops (oat s, wheat, bar
ley) . Even tho ugh Sep tor ia diseases are world-wide problems 
on cereal c rops, little is known about h ow they rep roduce and 
actually cause disease . 

Sept oria fungi invade th eir cereal hosts th rough the leaf 
surface (epidermis), grow amongst the cells and eventually kill 
the leaf and fo rm their flask-sh aped reproductive st ruc tures be
neath the leaf sur face. Th ese Sep tor ia repr oduct ive struc tures 
con tain hun dreds of spo res ( reproduc tive units) that are re
leased under moist condi tions to in fect othe r healthy plant t is
sues. SEM works well for these investigations because the 
Septar ia spores are only 0.00008 inches wide. 

Stan dard SEM p rocedu res allow su rface observ ations 
only ; the refore the Septoria reproduct ive structures formed be
neath the ep idermis cannot be seen (Fig. 5) . But, we devel
oped a p rocedure to look inside leaves with SEM. Our p roce
dure combi nes a uni que blend of t ime-tested techni ques with 
the newest ex perimental p rocedu res. We ca n no w observe, in
ternally , port ions of diseased leaves and the insides of Septoria 
reproduc tive struc tures (Fig. 9). Using SEM to stu dy Sep toria 
fu ngi h as led to advance d knowledge about spo re release mech
anisms responsible for the spread of disease. It has also given 
us clues to the survival mech anism of the fungi be tween crop
ping cycles and additional insigh t into how th e fun gi mobilize 
food rese rves fr om th e host plan t. 

A valuable sidelight of the Septaria research is the use of 
SEM ph otographs as teaching aids. Th e clear, realistic, th ree
dimensional appearance of the reproductive structur es of these 
small fungi make it easy for stude nts to un derstand them 
(Figs. 6, 7). These ph otograph s (Figs. 4, 5, 6, 7, 9) help 
stimulate the imagination of students and make difficu l t to 
un derstan d co ncep ts obvious. 

Future Considera tions 
Plan t pathologists are co ntinually designing new experi

mental p rocedu res to better understand and con trol plant dis
eases. Plan t diseases not caused by microbes but by pollutan ts 
are now being carefully ex amined by many different means, 
inclu ding elec tron microscopy. In addition to viewing an d un
derstanding the cellula r damage with electron micro scopes, we 
may be able to measure certain pollu tant levels in tissues, es
pecially me tallic po llutants such as lead. Th e metallic elements 
absorb elec trons and emit X-rays, which when mea sured, pro
vide a goo d idea of the types of metals p resent and an estim ate 
of their relative co ncentra tion. The same proced ures used to 
det ect ha rmful metallic elements m ay also be used to detect 



the presence of helpful metallic compoun ds such as copper and 
zinc based fungicides, applied to pro tect pla nts from att ack by 
fungi. 

Plan t pathologists are not the only agricult ural scienti sts 
in Minnesota using elec tro n microscopy. Many Experiment 
Station scientists from diverse disciplines have comb ined the 
unique powers of electron microscopy with thei r own experi
mental programs to provide answers heretofore unavailable . 
Electron microscopes have indeed added a new dimensi on to 
research. Their full poten tial for p roblem solving is far from 
being exh austed. These sophisticated microscopes are no t sim
ply scientific curiosit ies but, when used intelligently , are pow
erful diagnostic and research tools for many areas of agricul
tu ral science. 

SEM photograph of a spore (marked with SI and infection tube (marked 
with T) of a powdery mildew fungus that is attacking a cell surface of a 
barley leaf. The bar represents 200 nanometers or 0.000008 inches. 

SEM photograph of the rounded reproductive structure of a Septoria fungus that is growing in the tissue beneath the surface of a wheat leaf.T he 
reproductive st ructure is filled with long, slender spores of the fungus. The bar represents 10 microns or 0.0004 inches. 
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The root systems of M 7 unprotected (right) and protected only by nat
ural snow accumulation (center) were damaged. The root system pro
tected by mulch and natural snow lIeft) was not damaged. 
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The trend in modern orchard management is to plant 
apple orchards on dwarfing rootstocks. The popular dwarfing 
rootstocks originated in Europe and little information exists 
concerning their hardiness during Minnesota's wintry months. 
This is especially true for some Mailing-Merton and the newer 
East Malling rootstock clones. 

Since the use of these rootstocks is becoming widespread, 
we decided to determine their hardiness limits and what fac
tors lead to maximum root hardiness. If the clone s proved not 
to be sufficiently hardy during a test winter, it could be a 
serious setback for orchardists. Apple production would be 
especially hard hit in northern states where winters are severe 
and snow cover might not always be adequ ate to protect 
young trees. 

Use of dwarfing roo tstocks also often requires additional 
amounts of fertilizer, irrigation, and herbic ides in either high 
density plantings or conventional orchard systems. These 
management practices tend to leave trees in a more succulent 
condition and the ground free of protective winter cover. With
out adequate cover, root systems are more prone to winter 
injury. 

Minimum Winter Soil Temperatures 
Experiments conducted at the University' s Horticultural 

Research Center compared soil temperature extremes under 
different soil pro tective treatments. These comparisons enabled 
us to determine what temperatures roots must survive in win
ter. We also studied how snow, mulch, and sod modify soil 
tem peratu res during winter. 

Soil temperatures were recor ded for six winte rs at a 
6-inch depth under four different field con ditions. The 6-year 
average minimum winter temperatures were - IOF. under clean 
cultivation with snow removed ; 12oF . un der clean cultivation 
with natural snow accumulation; 190F. un der clean cultiva
tion with mulch and natural snow accumulation; and 210 F. 
un der normal orchard sod with natural snow. 

Removing snow cover is an extreme treatment, but it 
clearly shows what can happen in an open winter when snow 
is either blown off or inadequate. A winter with little or no 
snow cover leads to the most severe root damage. In five of 
six winters, minimum soil temperature dropp ed to OOF. or 
below. 

Average snow accumulation resulted in soil temperatures 
13oF . warmer than when snow was removed. An average soil 

12oF.temperature of under clean cultivation with snow is 
still low enough to expect some root killing each winter. By 

90F.adding mulch or sod, soil temperatures were 70 to 
warmer than with snow alone. This difference in temperature 
is extremely important when trees are grown under clean 
cultivation, as young trees often are, or when herbicides have 
removed all protective vegetation under the tree. Based on 
our temperature information and result s of freezing tests, we 
recommend that all Mailing rootstocks be mulched for winter 
protection in Minnesota. 

Root Hardiness of Popular Clones� 
We compared the root hardiness of five rootstock clones:� 

M 7, M 9, M 26, M 104, and M 106. Plants were overwintered� J 
under three conditions: clean cultivation with snow removed,� 
clean cultivation with snow, and clean cultivation with mulch� 
and snow. Field survival of each clone was rated by the� 
amount of growth the following summer.� 



Survival of the five clones was equal un der the clean 
cultivation with snow and clean cult ivation with mulch and 
snow conditions. However, the rootstock clon es reacted 
differently un der the extreme condition of clean cultivation 
with snow removed. M 26 proved to be the mo st hardy of 
th e five clones. Seven of eight M 26 plants survived clean cul
tivation with snow removed conditions and grew the following 
summer. M 9, M 104, and M 106 were all sligh tly less hardy 
and nearly equal as a group with fou r, three, and one plant ou t 
of eight surviving. M 7 proved to be the mos t tender rootstock 
clone. Of eigh t plants evaluated, all were winter-killed. 

M 26 has shown many desirable management and growth 
characte ristics and is being widely planted. Our findings make 
it seem even more att ractive for use where root ha rdiness 
might be a pro blem. It certainly deserves further testing as a 
hardy dwarfing rootstock . 

All five roo tstock clones survived a brief soil exposure 
of OOF. in February. Some root killing occurred at thi s tem
peratu re, but plants survived. On the other hand, controlled 
freezing tests during November indicated that all rootstock 
clone roots were killed bet ween 130 and 200 F. Thi s indio 
cated that Mailing clones should be considered tender and 
should be prot ected in wint er. In controlled freezing test s, 
M 26 again proved to be the har diest of the five clones. It 
was killed at 130F., while M 9 and M 104 were killed at 170F., 
M 106 at 180F. , and M 7 at 200 F . 

Reciprocal Effect of Rootstock and Scion 
We want ed to see if there was any reciprocal effect of 

roo tstock and scion on hardiness. We grafted Delicious, Haral
son, and Columbia Crab scion varieties to dwarfing M 26 and 
to vigorous Malus robusta (MR) 5 rootstocks. Scion variet ies 
grafted to M 26 were 2 to 3 feet smaller at 3 ye ars of age than 
comparable t rees grafted to MR 5. Even though the scion 
varieties are known to vary greatly in hardiness, root hardiness 
of the two rootstock clones was not affected by the scion 
var iety . 

Fall maturity and spring bu d break were rated on all 
roo tstock-scion comb ination s. We foun d that M 26 rootstock 
matured earlier in fall and star ted growth up to 20 days later 
in spring than MR 5. Scion varieties grafted to M 26 also 
matured I to 6 days earlier in fall and started growth I to 2 
days late r in spring than those graft ed to MR 5. 

Earlier maturity o f scion varieties grafted to M 26 en
able d them to survive tempera tu res 2 to 60F. lower in the 
fall. In midwinter we found little difference in har diness 
between the scion varieties on the two rootstocks. Scion 
varieties on M 26 were I to lOoF. hardier in spri ng than on 
MR 5 because bud break of M 26 was delayed. These dif
ferences in scion hardiness occurred even though roo ts of MR 
5 were slightly more hardy than roo ts of M 26. 

Our work indicates th at the rootstock affects scion 
ha rdiness by enabling the tree to mature earlier in fall and by 
delay ing growth in spring. Is a 2 to 6°F. increase in fall hardi
ness enough to be important? It is, par ticularly in late fall or 
early winter when lack of matu rity seems to cause some of the 
most severe winter injury probl ems. Cert ainly , if we can select 
a roo tstock that gives up to 6 days earlier fall ma turi ty, trees 
will be better protected from harmful early winter freezes. 
It is doubtful that any root sto ck will enable a scion variety to 
be much hardier in midwinter. However, if an early maturing 

All 8 trees of M 7 (left) were killed when snow was removed while 7 of 
8 tr ees of M 26 (right) survived. 

.~: 

rootstock can be selected to get through late fall and early win
ter, chances of winter damage will be greatly reduced. 

Certain ideas emerged from our study that apply to 
apple root hardiness in general . Fir st, the hardiness of root 
tissue changes during the year. Ro ot tissue becomes more 
hardy in fall (mid-November and December und er Minnesota 
conditions) and loses hardiness rapidly in spring after mid
April. By mid-May roots are normally tender and killed at 
temperatures between 200 and 250 F. Root tissue is not as 
hardy as stem tissue. In fall, roots seemed to harde n in response 
to cooling of the soil. 

We also found that roots were better able to survive 
colder temp eratures when they contain less moisture. Ex
cessive fall precipitation may not allow roots to harden to 
maximum capaci ty . Growers should avoid excessive fall irriga
tion because it can lead to increased roo t damage in winter. 
On the other hand, it is also impor tan t that apple roots not be 
allowed to become too dry in the fall. 

Summary 
Our work has shown that Mailing clonal rootstocks vary 

in hardiness. By carefully selecting earlier maturing rootstocks, 
scion hardiness in late fall and early winter might be increased. 
If you live in colder growing areas that are relatively free of 
snow, and yo u use cultural systems that tend to create succu
lent growth, leave the ground free of protective covering, or 
possibly lead to excessive fall soil moisture conditions ; eval
uate your management practices to insure against the possi
bility of root damage. In some situations, winter mulching 
might be required . 
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University Scientists produced a second potato c rop f or harvest in late 
October 1973 at Elk River. They warmed the soil and lengthened the 
growing season in spr ing and fall by circulating warm water in a closed 
circui t piping system un der th e surface. This project at the Sand Plain 
Experimental f ield could dissip ate the heat from warm waste water, a 
byproduc t of industrial plan ts , before it is discharged into streams. 

n Agriculture: 
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Using warm industrial waste water for growing crops plus 
animal manures and c rop residues fo r fuel-these are some of 
the possibilitie s University scientists see for increased energy 
efficiency . 

Scienti sts calculate the energy po tent ial of Minnesot a' s 
crop residues is rou ghly equal to the to tal energy needs of Min
nesota. However , it's not a simple matter merely to gear up 
and use these crop residue s as ene rgy sources- you can' t assume 
they're just "waste." Reason : crop residues supply valuable 
organic matter and nutrients to the soil. And crop residues, 
especially corn stalks, are a valu able feed for livestock. Univer
sity soil scientists have proposed a research proj ect to measure 
the effect on the soil if crop residues are used for fuel instead 
of being returned to the soil. 

New Research Dimension 
Wise utilization of agricultural byproducts for ener gy 

will be a key area for agricultural scienti sts in the fu tu re, said 
Landis Boyd, an agricult ural engineer and assistant director of 
the University ' s Agricultural Experiment Station. "And the 
energy picture will cause us to do some critical analysis con
cerning what may be wasted energy before we do too mu ch 
research ," Boyd continued. "For exampl e, plant scientists 
have done an ou tstanding jo b of developing semidwarf wheats, 
which require heavy nitrogen fertilization for top yields. How
ever , production of anh ydrous ammoni a for fer tilizer nit rogen 
is an energy intensive operation since it requi res natural gas." 
But, only about 2 percent of the to tal natural gas use is for 
p rod uction of ammonia for fer tilizer. 

Energy from Manures? 
Energy gained from animal manu res in Minn esota would 

equal about 4 .4 percent of the state's natur al gas consumption 
in 1970, according to Perry L. Blackshear Jr. , mechanical en
gineering p rofessor at th e University. Natural gas consump
tion total s abou t one-third of the state's tot al energy require
ment , he said. 

University of Minnesot a agricultural engineers already 
are studying po ssibiliti es of ma king fuel from animal m anures 
and adapting the process so it can be used on American fa rms. 
The fuel , produced in an anaerobic digester, is " bio-gas" and 
may contain up to 70 percent methane which is very similar to 
na tural gas. 

However , at the present time anaero bic digestion does 
not provi de a good solu tion to energy p roblems. "The basic 
techn ology is there-i t' s just not economically att ractive at 
present, " said James A. Moore, an agricultur al engineer wor k
ing on the project along with co -wor kers Richard O. Hegg and 
Philip R. Goo drich . 

Also wor king on the project is Howard 1. Hickman , re
search direc tor of the University' s Center for Stu dies of the 
Physical Environme nt. 

A problem in pr oducing meth ane in a digester is m aking 
sure that the complex population of microo rganisms is closely 
controlled and the system su rvives. High temperatures are 
beneficial, so energy must be added to the system or else some 
of the gas generated must be used to heat the digester. " Bio
gas" probably would have to be clea ned if it was to be used in 
farm machinery and motor vehicles because the ra w product 
con tains engine-damaging hydrogen sulfide. 

Even when operated at maximum output , a small di
gester using the waste from 20 cows pro bably would not pro
vide enough methane to heat and light a home in Minnesota. 
Goodrich says a small digester might provide enough gas to op
erate a stove and water heater. 
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The University scient ists are try ing to give methane di
gestion a "real and just evalua t ion" and determin e how to effi
ciently convert manur e into meth ane. As part of that stu dy, 
they are exper imen ting with frequency of mixing the wastes in 
the digester and the effect of temperature on the pro duction 
of me than e. 

Moore says the best use of the digester gas probably 
would be in animal agriculture , particularly to heat animal 
buildings, generating electrici ty for fans and Iights, and for 
storage as is done with natural gas. The use cou ld be year 
ro und, converting the daily production of manure and thus 
eliminat ing the need for storage and tran spor tation. 

A portion of the research is being conduc ted by the Cen
ter for Studies of the Physical Environment under a $90,000 
grant from the Minneso ta Resource Committee to study the 
use of agricul tur al wastes. The center is seeking $ 190,000 for 
a two-year pilot study on manu re digestion an d is expected to 
submit ano ther proposal for funds to the Poilu tion Cont rol 
Administration for research on other aspec ts of wastes. 

Crop Rotations? 
Some scient ists see a return to more crop rotations, such 

as legumes before corn, to make more use of natural nitrogen 
sou rces in legumes. Th is may be feasible in some situations, 
bu t the retu m to crop ro tation using legumes as the main nitro
gen source wo uld result in less total pro duction , or else in 
using land now cat egorized as margina l for crop pro duction 
that is possibly subject to erosion and other proble ms, accord
ing to an energy task force of the Council for Agricu lt ural 
Science and Technol ogy (CAST). 

Energy Crisis Reki ndles Wood 

Other University scientists predict that energy consump
tion concerns will renew interest in wood products in place of 
me tal and plastic for ho using and home furn ishings. 

Plastics have been replacing fine hardwoods in furniture 
and steel and aluminum have been considered in lieu of soft
wood dimensional lum ber for framing in home co nstruction. 
Also, carpeting is often accepted as a subs titute for har dwood 
flooring in new homes, according to John G. Haygreen, head 
of the Departm ent of Forest Products at the Un iversity . 

But the energy "c runch" will enco urage the use of wood 
p rodu cts with the impr essive savings in energy in using wood 
as compared to metal and plast ic. Haygreen says it takes abo ut 
940 kilowatt hours to pro duce a ton of lumber, 3,6 00 kilowa tt 
hours for a ton of steel and 64, 000 kilowatt hours for a ton of 
aluminum. 

Not enough informa tion is availab le ye t on energy re
quirements to draw firm conclusions on the env ironmental 
impact of a m ajor shift back to wood, but it is obvious that 
more power is required to produce metals tha n wood pro duc ts 
and th at other environme ntal co sts are probably less with woo d. 

Bur geoning costs for coal, crude oil , natu ral gas, and 
elec trici ty should put large po wer consuming industries in a 
tough cost squeeze compared to the for est pro ducts industries 
with relatively lo w energy requirements. So the amount of 
ene rgy used in the productio n of materials may become a 
much stro nger determin ant of the competitive edge a material 
holds, he adds . 

Haygreen gives the following energy costs as a percent of 
the t otal cost for various building materials: 

Material Energy cost, % Cost (p er to n) 

Lum ber 2 $ 100 
Steel 4 184 
Cement 23 560 
Alumin um 15 17 

Energy an d the Environmen t 

It' s been said th at we can ' t have the energy we need and 
still have a clean environ men t. " But that' s nonsense," said 
Roy M. Ko ttman, dean of the College of Agricult ure & Home 
Economics at Ohio Sta te Univers ity, speakin g at a meeting of 
National Industry-State Agricultural Research Council in Octo
ber 1973. 

"I t' s certain that we're going to have to make some 
tr adeoffs in the short ru n that will make some environmental
ists unhappy. But any ha rm that is done will be neither cata
strophic nor irreversible . Already muc h p rogress is being 
made," he adde d. 

Minnesota scientists are working on a pro ject to make 
good use of waste heat produced by electrical generating plants. 

When elect rical power is generated from fossil fuels, less 
than 4 0 percen t of the total energy con verted becomes availa
ble in the form of electrici ty . The balance of the energy ap
pears as waste heat , which is normally discharged int o the air 
or int o rivers and streams , where it may raise the water tem
perature and along with it , enviro nmen tal concerns . 

The projec t is being coordina ted at the University' s Sand 
Plain Ex perim ent al field by agricul tur al engineer Evan Allred. 
Allred has been using simulated waste water f rom electrical 
generati ng plan ts- the water is heated to 85-100 degrees F. in 
wate r heaters to simulate the temperatu re at which it' s dis
charged fro m generati ng plants. 

TIlli s far , Allred is opt imistic about the practical possi
bilities fo r vegeta ble farmers within 5 to 10 miles of generating 
plants to ci rculate the warm waste water under the soil surface , 
warming the soil in early spring and fall and leng th ening the 
gro wing season at both ends. In his research project , Allred 
ci rcula tes the warm wate r in copper pipes a foot under the soil 
sur face, spaced 3 feet apart. 

Allred is opt imistic about fi rst yea r results of his stu dy. 
" We were able to plant and harvest po tatoes about 3 weeks 
earlier by warming the soil. We mad e one digging June 22, 
while commercial potato farmers in th e Elk River area were 
just starting to dig July 10. Th e potato pr ice on the fresh mar
ket was much higher on June 22 than July 10, when area 
farmers were starting to harvest." 

And, the researchers were able to harvest a second pota
to c rop on the same ground in lat e October. Second cro p 
yields were abo ut 200 cwt . per acre. 

Using warm water from elect ric generating plants in en
closed growth structu res, or plastic " bubbles," ha s as much or 
more poten tial than heating th e soil ou tside , Boyd said. The 
Universi ty' s Agricul tural Experiment Station is trying to get 
such a re search pro ject funded. 
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-I ~ Use Fertilizer Wisely 

Nitrogen fertilizer supplies will be extremely tight through 
the 1974-75 growing seasons, predicts Soil Scien tist Harvey 
Meredith. He lists some un derlying reason s: 

Worldwide demand for food and fertilizer expanded rap
idly in the past 2 years due to adverse weath er conditions on 
five cont inents. The frozen U.S. economy with pri ce cont rols 
provided the incentive to export at substantial ly higher p rices. 
Dollar devaluations m ade U.S. agricultu ral products 26 percen t 
chea per in Japan. U.S. dollars were devalua ted 35 percent rel
ative to the German mark. 

Meredith says planne d phosphate ex pansion will increase 
U.S. domestic pr oduction by almost 50 percent from spring to 
mid 1976 . Phosphate supplies will be greatly increased for the 
1976 crop yea r. 

Potassium supplies are suff icient to meet deman d if trans
por tation is available. Hopper cars used for transport of grain 
com pete directly with fertilizer movement. Logistics has, 
th erefore, created a pot assium shortage. 

"The energy crunch and high cost of raw gas for nitro
gen manufac ture are no t encouraging," the soil scien tist says. 
Nit rogen cost will remain high throughout this dec ade and be
yond. TIle natural gas supply needed to make nit rogen fer til
izer is being dried up by ot her uses, pa rticularly the need to 
burn clean fuel due to cur rent environmental co ncerns. It 
woul d require 189 billion cu bic feet of natural gas to make ni
trogen for a I ,OOO-ton per day ammonia plant with a IS-year 
contract. The gas would cost from 90 cents to $1 per 1,000 
cubic feet or about four times higher th an gas contracts for 
p resent operating plants. I t costs abou t $43 per ton mo re for 
a ton of nitrogen fer tilizer toda y compared to about 10 years 
ago. 

Another soil scientist, Charles Simki ns, says heat needed 
for homes and operation of many manufac turing plants is com
peting directl y with the production of nitrogen fer tilizer. The 
na tur al gas used in the average 3 bedroom home in Minnesota 
in I year is equivalent to the natural gas used to produce 8,600 
pounds of nitrogen. This is enough nitrogen fertilizer for 100 
acres of wheat, at a rate, which under good condition s could 
produce an increased yield of mo re than 2,800 bushels of 
grain. " With fer tilizer shortage already upon us and perhaps 
with us for some time, and certainly with prices increasing 
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steadily we must take a look at how we can economize on fer
tilizer use without decreasing pro duc tion and profit," Simkins 
adds. 

With limited nitro gen fertil izer resources, growers should 
strongly consider the time of application of our nitrogen m a
terials. Nit rogen fertilizer applied at or near the time of plant
ing can often be 40 percent more efficient than the same a
mount of nitrogen applied in the fall. 

To bett er utili ze soil ni trogen as well as fertilizer nitro
gen , more att ention must be paid to drainage of our soils. Ex
cess water on our fields and in our soils is wasteful of nitrogen. 
Unknow ingly, farmers dur ing the last 20 years have substitu ted 
nitrogen fertilizers for drainage that is needed on many of our 
fields. 

Small grain farmers in Minnesota have an excellent op
portunity to make efficient use of nitrogen for wheat , barley, 
and oat p roduction. A soil sample taken to a dep th of 2 feet 
for nitr ate nitrogen analysis can help the farmer evaluate his 
specific nitro gen needs. Never in the history of small grain 
production have farmers been in a bett er posi tion to produce 
high yields. Varietie s of sm all grain can use nitrogen efficiently 
and we have the means of measuring the nitrogen producing 
powers of the soil. 

Corn yields of 200 bushels and whea t yield of 100 bush
els per acre are possible an d have been obtaine d in good grow
ing years, bu t they are the exce ption rather than th e rule und er 
Minnesota growing conditions. Long term research at the 
Southwes t Ex periment Station, Lamberton, indica tes that un
der good management an average of 130 bushels of co rn per 
acre is a goo d yield. Th is yield was ob tained by using 80 
pounds of nitrogen per acre. Addition al nitrogen has not ye t 
produced higher yie lds . In our better corn growing areas, such 
as Martin and Waseca counties, farmers should be aiming for 
150 bushels an acre, Simkins says. 

Research has shown that on Minnesota' s goo d corn soils 
the use of I poun d of ni trogen fertilizer for each bushel of 
co rn anticipated is a good rul e of thumb . It takes 2 pounds of 
nitro gen to produ ce an increase of I bushe l of corn plus its 
roo ts, stalk , and leaves. On well drained soils, I SOpoun ds of 
nitrogen generally will set the stage for a 70 to 80 bushel in
crease in yield. 

Simkins says m any farmers should find out if they really 
need as much pho sphate and potassium fertilizer as they are 
using. A soil test may reveal th at phosphate levels are relatively 
good and they can more wisely spend their money on potas
sium. Or the reverse may be true. 
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