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IN 1973, and for almost 3 years, 
world supplies of food and feed 
grains and oilseeds were barely 
adequate to meet world needs. 
The United States, as one of a few 
major exporters, saw her sizeable 
reserves depleted and farm in 
comes rise sharpl y. But now, once 
again, US supplies are building, 
and prices are very low. Minneso
ta farmers are deeply concerned 
about the future. 

Although world grain and oil
seed reserves are near the record 
level of 1972 - 60 days supply
world population has expanded 
sharply. Since 1972,900 million 
people, enough for another China, 
have been added to the world's 
population. And population 
growth continues. Although coun
tries with the largest populations 
have had good crop years, there 
are many countries in which food 
supplies are not adequate, and 
they will need help . Unusual cli
matic conditions or dry weather in 
two or three heavily populated 
countries could easily reduce 
world supplies to intolerably low 
levels, as happened in 1974. 

Minnesota agriculture depen ds 
heavily on exports to other states 
and other nations. Depleted w orld 
supplies usually mean greater ex
port demands and higher prices 
for Minnesota products. But in 
times of abundant supplies, Min
nesota farmers must compete with 
farmers from other states for the 
limited markets. 

Maintaining a competitive ad
vantage for Minnesota farmers is a 
central issue in research. A num
ber of special concerns surface 
around this issue. As energy costs 
increase, our crop production and 
transportation costs likely will in
crease somewhat more rapidly 

than w ill happen in warmer and 
dryer states closer to markets. 
Controlling pollution and dispos
ing of wastes probably are more 
difficult in states like ours where 
winter is long and severe. Special 
energy conservation and pollution 
control technology will be required. 

Protection from calamitous 
losses from each new wave of dis
eases and insects is a continuing 
aspect of research. Resistant vari
eties, new techniques for diagno
sis and control, new chemicals, 
and, for livestock, new vaccines, 
and sanitation techniques are 
needed. Losses from corn borer, 
rust, smut, root rot, and pseudo
rabie s are very fresh in the minds 
of Minnesotans. Other potentially 
dangerous pests in other states 
are being watched closely. 

Although higher yields are of
ten major products of research, 
lower costs are too. Adequate and 
precise use of fertilizers and pesti
cides, more effective tillage meth
ods th at reduce the number of til 
lage operations, timely marketing 
decisions, and new technology in 
processing are among the many 
opportunities. Attracting higher 
prices for our products through 
production and marketing tech
niques that emphasize quality 
have important potential in captur
ing a bigger share of the market. 

Research provides answers for 
today's cont ribut ions. It also pro
vides technology for the future. 
Consider the time required to de
velop a new disease-resistant soy
bean variety, a new high-protein 
wheat, a vaccine for a livestock 
disease. Our research investment 
is not on ly for today, but for many 
years hence-adding certainty to an 
occupation with many uncertain
ties. 
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NewCorn
 
Disease in
 
Min esota
 
JACK SPERBECK 
Department of Information and Agricultural 
Journalism 

A NEW CORN DISEASEtentat ive ly 
ident if ied as maize dwarf mosaic 
virus was discovered th roug hout 
M innesota for the fi rst t ime during 
the 1977 growing season. 

The disease has affected ma in
ly late-planted sweet corn-especi
ally th at planted after June 1. 
Some sweet corn was planted that 
late to allow for flexib ility in the 
fall harvest schedule. Both sweet 
and f ield corn may be affected, but 
sweet corn is generally more sus
ceptible. Minnesota is one ofthe 
largest pro ducers of sweet corn 
fo r canni ng in the upper Midwest. 

The disease was discovered 
th rough a new early warn ing plant 
disease system that has plant dis
ease specialists in 10 Midwest 
states checking for diseases in 
corn, wheat and soybeans. 

In some late-planted sweet 
corn f ields, there was almost 100 
percent infect ion, says Erik St rom
berg , a plant patholog ist stationed 
w ith the U. S. Department of Agri
culture and University of M inneso
ta in St. Paul. Strom berg's in 
~ha rge of the new early wa rn ing 
system in Minnesota. 

It's hard to predict loss f igures; 
only about 15 percent of the 
state's sweet corn was planted af-

A mosa ic pattern (yellow streaks ) appears on the leaves of corn plants affected by maize dwarf 
mosaic virus. Stunting, t iller ing. and reduced ear development occu r in these plants (photo s by 
Richard Zeyen). 

ter June 1. However, losses in 
scattered fie lds w ere severe. 
"When you see corn on ly 2 feet 
tall compared to neighboring 
f ields t hat are 8 feet, yo u know 
there's going to be a serious y ield 
loss," Stromberg says . 

The disease was previously re
ported in the neighboring states of 
South Dakota and Iowa. A decade 

ago it w as largely responsible for 
eliminat ing sweet corn as a com
mercial crop in Indian a and Ohio . 

The disease causes stunting, 
mosa ic pattern (yellow streaks), til
lering, and reduced ear develop
ment. It's easy to ident ify. "You 
can spot it go ing 55 miles an hour 
down th e road by the stunting and 
yellow color," says Stromberg. 
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Plants inf ected with the d isease 
rnay reach a height of only a 
few fe et causing sever e yield 
losses. 

As an example of how late 
plantings are more seriously af
fected, Stromberg told of a farmer 
near Moorhead who had 65 acres 
of sweet corn, planted on four dif
ferent dates. There was no prob
lem with the early planted corn, 
th e second planting date resulted 
in som e reddening of th e plants, 
the third planting date had redden
ing and limited stunting, whi le the 
last corn planted after Jun e 1 had 
severe stunting w ith 100 percent 
infecti on 

University of M inn esot a plant 
pathologists Richard Zeyen and 
Herbert G. Johnson are w ork ing 
with Stromberg on the project. 
They hope to have more informa
ti on regarding yield losses and 
sources of th e disease infection 
later this year. 
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"B" Stra in 

Maize dwarf mosaic v irus was 
f irst isol ated from Minnesota 
grown corn in late summer 1976, 
says Zeyen. Positive identi fi cation 
of the viru s requires extensive lab
oratory and greenhouse w ork, so 
exact ident if ication (vi ral cause) of 
th e 1977 epidemic w ill t ake 6 to 8 
w eeks to determi ne afte r th e 
grow ing season has ended. 

Since viruses like maize dwa rf 
mosaic can only be mainta ined in 
living hosts, samples of the fi eld 
infected corn are taken into the 
laboratory and tr ansferred to 
young corn plants for more test
ing . Elect ron m icroscopic ident ifi
cation of th e v irus parti cles is used 
to conf irm visual symptoms. How
ever, th e particles of maize dwarf 
mosaic are simi lar to at least one 
other virus (w heat st reak mo saic) 
th at also causes a similar disease 
in corn . So plant host range tests 
plus serological tests mu st be 
made to establish th e fin al ident ity 
of the virus(es) responsi ble for the 
epidem ic. 

Extensive laboratory and 
greenhouse tests are already un
derway, says Zeyen. Exact identifi
cat ion of th e virus(es) or their 
strains is extremely importa nt in 
determining whether the disease 
might becom e established in Min
nesota and be a chronic problem. 
After th e exact nature of th e virus 
is established th e pathologists will 
begin w ork to find what nativ e 
grasses may harbor the virus and 
will search for virus-resistant corn 
variet ies. 

If th e disease has become es
tablished in Mi nnesota, then ge
netic resistance in corn would be 
th e most effe ct ive cont rol mea
sure. Maize dwarf mosaic resistant 
or tol erant f ield corn is already in 
use in southern states. How ever, 
resistance in sweet corn is not 
w ell understood or wi dely investi
gated. 

All in all , it could spell trouble 
for sweet-corn producers in Min
nesota. Scient ists w ill release 
additional information as it is 
available. 



Saving Our Topsoil
 
JACK SPERBECK 
Department of Information and Agricultural 
Jou rnalism 

Wind erosion in sout hwestern Minnesota. 
Soil in t he ditch t o the right was blown from 
a f ield that had been in corn and was fall 
plo wed with a mo ldboard plow. On the left, 
there' s no ero sion from the fi eld that was in 
soybeans and fall chiseled (photo by Gyles 
Randall). 

TOO MUCH TOPSOIL is being lost 
from som e Minnesota soils. And if 
the t rend isn't reversed, soil losses 
spell trouble for farmers and con
sumers alike. 

Tolerance Limits 

"The greatest loss we can tol
erate is 4 to 5 tons of topsoil per 
acre a year. On some shallow soil s 
w e can't tolerate mo re than 2 to 3 
tons a year ," says Minnesota soi l 
scienti st William E. Larson. 

Many of southern Minnesota 's 
fertile Clarion and Nicoll et soil s 
have annual losses of 3 to 5 tons 
per acre. Although this may be 
high, som e scient ist s consider it 
within a " tolerance limit," because 
most of th e soil sediment stays 
som ewh ere on the farm. 

Soil from south cent ral Minne
sota farms may move down gentl e 
slopes to th e lower areas of th e 
same farm (or a neighbor's farm ). 
It doesn't show up as sedim ent in 
streams. " St ill, it's not a good idea 
to have 4 feet of topsoil in parts of 
the field and 2 inches in others," 
says Gyl es Randall , soils scientist 
w ith th e University's Southern Ex
periment Station, Waseca. 

But th ere's an area in south
eastern M innesota w here losses 
often double the to lerance lim it . 
And because of th e topography, 
more sedim ent ente rs st reams. 

" There are areas in southeast
ern Minnesota wh ere losses are 10 
to ns per acre," says Larson. In 
part of Iowa , losses average 20 
tons per acre. 

" When losses get above 5 tons 
per acre, you start hav ing large 
nutrient losses. An d farmers don't 
have to be reminded how expen
sive it is to buy nit rog en, phospho
rus, and potassium in fert ilizer 
form. 

" You also get gullying when 
losses go above th e 5-ton level. 
Gullying may break up large fi elds 
into 5- and 6-acre fragments, mak
ing f ield w ork more difficult. 
" Down-st ream sediment also be
comes a problem. With large loss
es, sedim ent builds up, making 
dredging and other clean-up work 
necessary ." 

Crop Rotations 

Mike Lindstrom, Larson's co
w orker stationed at the U.S. De
partment of Agriculture's North 
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Central Soil Conservation research 
center in Morris, calculated how 
changing crop rot ations in a 
southeastern Minnesota Fayette 
si lt loam soil can reduce erosion 
problems. 

With the 4 percent slope that 
causes many soil erosion prob
lems, even a no-till planting sys
tem has losses above the 5-ton 
per acre tol erance lim it. But 
changing to a 4-year rotation of 
corn, oats and two years of hay re
duces the average loss f igu res dra
matically. 

Public Aw areness 

Sediment is the nation's num
ber 1 solid waste problem- a fact 
that most peop le don't recog nize. 
" About 4 billion tons of sediment 
enter the nation's streams and riv
ers annually, and about half of it 
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originates from farms," says Lar
son, who has appointm ents w ith 
th e University of Minnesota and 
U.S. Agricultural Research Serv ice. 

Although w e have slowed ero
sion down somewhat since the 
1920s and 1930s, the job is no
w here near complete . " Many peo
ple th ink w e've licked soil erosion, 
but it just isn't true." 

However, Larson is opt im istic 
th at increased public awareness 
wi ll help. "Just a year ago I was at 
a meeti ng and put in a plug for 
more emphasis on pro grams to 
combat soil erosion. Peopl e 
laughed at me-but th ey're not 
laughing now," he adds. 

The magazine SCIENCE, isn' t 
laughing either. A publicati on read 
by the nation's top scient ists and 
op inion leaders, SCIENCE has pub
l ished three major art icles on soil 



Wat er e ros io n in so ut heastern Minnesota. Ma ny f ield s in th is p art of t he st at e 
. weraging ye arly to p soil losses of 10 to ns per ac re f ro m erosion (photo by 

Brene man). 

erosion in the past year. On the 
same note, in a recent editorial, 
the New York Times said " ...the 
ti me has probably come to insist 
that farmers follow good soil man
agement pract ices as a condition 
of receiv ing...Federal Aid. " 

" Food production and soil ero
sion are issues right now and I 
think they're here for aw hile," Lar
son says. 

Consequences of soil erosion 
are the ir reparabl e loss of good 
to psoil- soil that has taken thou
sands of years to form. Scient ists 
estimate that it takes natu re any
wh ere between 100 to 1,000 years 
to create an inch of topsoi l. At any 
rate, it's too long. 

Tillage and Residue Ma nagemen t 

The best way to reduce erosion 
problems is w ith bette r tillage and 
residu e managem ent programs, 
says Larson . Al though some peo
ple think legisl at ion is necessary 
as a deterrent to bad soi l manage
ment pract ices that provoke ero
sion, Larson says farmers need vi
able management alternatives
w ith or w ithout legislat ion. 

" We could prevent erosion by 
planti ng all Minnesota farm land 
to fo rages, but we need the corn 
and soybeans that the state 
grows," says Larson. Legislat ive 
atte mpts at erosion cont rol such 
as the Iowa Conservancy Law are 
regarded as "educat ional" laws, 
almost impossible to enfo rce. The 
Iowa law makes it possible for 
suits to be brought against peop le 
w ho allegedly contr ibute to soil 
erosion, but such erosion is hard 
to accurately measure and even 
more difficult to prove in court. 

Many farmers just go over the 
f ield too many times w ith heavy 
ti ll age equ ipment, packing th e soil 
and destroying the soil aggre
gates. This leaves the fin ely pul
verized soil more susceptible to 
w ater and wind erosion. 

On the Clarion, Nicollet, and 
Webster soils where much of the 
state's corn and soybe ans are 
grow n, Larson recommends fall 
plowing w ith a moldboard plow or 
use of a chisel plow. If the mold
board plow is used the field 
should be left rough over winter 
follow ed by springtooth or disk til
lage in spr ing. The chisel plow 
probably works best following 
soybeans and on lighter soils. ''In 
general, the fewer trips over the 
field the better," Larson empha
sizes. 

Reduced tillage practices such 
as chisel plow ing and till planting 
w ith a mulch between the row are 
becoming mo re popular in Minne
sota. Larson is optimistic about re
duced tillage programs for Minne
sota farme rs. "There's a general 
awareness that over-tillage is cost
ly and may have harmful effects. 
Recent tillage pract ices for row 
crops such as strip till and no till 
have given farme rs many new op
t ions." 

"Many farmers are using chisel 
plows on soybean ground. Soy
bean grou nd is potentially very 
suscept ible to erosion since it's 
mellow and has little residu e," 
says Randall. 

Alt hough water erosion is gen
erally more of a pro blem than 
w ind erosion in Minnesota, many 
southern M innesotans remember 
ditches fill ed with di rt fro m the se
vere dirt storms of Easter weekend 
1976. 

" Every case of severe w ind 
erosion that I saw involved mold
board plowing, where little resid ue 
was left on th e surface," says Ran
dall. 

Non-farm Erosion 

Erosion problems aren't limited 
to farms. A tr emendous amount of 
soil eros ion comes from places 
like building and highway con
stru ction sites where contractors 
leave soil bare and subject to ero

sion. To cut down on non-farm 
erosion, soil scientists say we 
need tougher municipal regula
tions to curb contractors who are 
mainly interested in getting the 
job done irregardless of future soil 
loss. 

Learning From History 

A quick lesson from history 
should tell how uncontrolled ero
sion can ruin pro ductive farm 
land. Many once-rich regions of 
the Near East and North Africa 
have been stripped almost bare of 
good soil. Many of these areas 
were densely populated and in
tensely farmed th ousands of years 
ago. 

Closer to hom e, parts of the 
South lost much of their topsoil a 
hundred years ago. Main reason: 
intensive cultu re of intertilled 
crops, such as corn, tobacco, and 
cotton, with few if any conserva
tion practices. Millions of once fer
tile acres are now confined to 
grow ing pine tr ees. 

Soil 's importance to any socie
ty is paramount. We may be able 
to clean up air and w ater pollu
tion, but topsoil is different. Like
w ise, we may be able to get by 
without airplanes, cars and electri
city-but we can't do without 
food. 

Farmers ' tendencies to put 
short-term profit ahead of conser
vation is largely due to the need 
for higher returns to offset sky
rocketi ng pro duction costs. How
ever, failure to reduce erosion to 
acceptable levels will eventually 
lead to a major decl ine in crop 
yields. 

"Below that th in layer compris
ing th e delicate organism known 
as the soil is a planet as lifeless as 
the moon," said G. V. Jacks and R. 
O. Whyte, in Vanishing Lands, A 
World Survey of Soil Erosion, pub
lished in 1939. Those words are 
still true today. 
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ferent project, soils scientist Alfred 
Caldwell is measuring loss of niScience Strives t rogen and sulfur fertil izer to th e 

to Make Irri ation 
More Efficie t 
JACK SPERBECK and EMMANUEL D'SILVA 
Department of Information and Agricultura l 
Jo urnalism 

This " box" o r weighing Iysimeter being 
lowered into the soil will help t ell wh en to 
irrigate and how plants consume wat er. A 
scale is attached to the apparatus to measure 
weight differences due to water gain or loss 
by th e plants and so il (ph oto by Don Bake r). 

HOW MUCH AND WHEN to irri
gate is a probl em faced by many 
farm ers wh o have installed irriga
ti on equipment. 

A Sophisticated Box 

A " box" in th e soil could give 
researchers som e answers th at 
will give farm ers guidelines not 
only on wh en to irrigate, but also 
on how plants consume water. 

Called a weighing Iysimeter, 
th e 5 x 6 foot box is install ed to a 
depth of 4 feet in th e soil. Under
neath is a sophisticated scale, 
which looks mu ch like a scale 
used to weigh trucks. The scale 
measures weight differences due 
to water gain or loss by the soil 
and plants. The gain may be due 
to rain, dew, or irrigation, while 
th e loss is due to evaporat ion. 

"The scale instrumentation is 
capable of measuring the equiva
lent of 1/10 0 0 inch of water ; thus, 
even dew can be detected," says 
Don Baker, agri cultural cl imatolo
gist at the University. Total w eight 
in the apparatus is 7 to 8 tons. 

"We hope to learn more about 
evaporation and what happens to 
water," say Baker and Jim Swan , 
extension soils specialist. Swa n is 
co-leader of th e project. " If we 
learn how fast water leaves th e 
plant relative to atmospheric and 
soil conditions, it should give 
farmers some clues on the timing 
of irr igation water." 

Nutrient Losses 

Generally, over-water ing do
esn't happen as mu ch as under
watering. Still, too mu ch water can 
result in soil nutrients being 
leached into the ground water and 
polluting drinking water. In a dif
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aquifer. So far, studies have been 
don e only on bare gound, with no 
crop to take up th e nutrients. 

The research was don e at 
Staples, Minnesota, wh ere soils 
are sandy and the water level is 
only 11 feet below the surface. 
" Under these conditions w e know 
that nitrogen and sulfu r can move 
quickly th roug h the soil to the wat
er tab le if enough w ater is ap
pli ed," says Caldwell. However, he 
emphasizes th at the study is not a 
realisti c indicati on of w hat w ould 
happen since no crops were in the 
ground to take nutr ients up. Future 
studies with corn and potatoes in 
the ground will give more infor
mat ion on nutrient leaching. 

With future studies, Caldwell 
would like to learn more about nu
tri ent movement due to irrigation. 
" It' s possibl e that alternat ing shal
low and deep-rooted crops could 
be important in nutrient conserva
ti on. 

" More research cou ld tell th e 
best ti me and method to apply ni
trogen to high requirement crop s 
like wh eat and corn. With irriga
ti on, you have more time fl exibility 
for applying nitrogen than you do 
with dry land farming. 

"Theoret ically, w ater applica
tions should give you normal crop 
growth and allow no excess water 
to leach through th e soil ," says 
Caldwell. But it's not alw ays easy 
to apply th e exact amo unt. Heavy 
rains such as several inches in a 
few hours or 5 inches over a cou
ple of days defy water contro l. 
" We need research to find out if 
certain qua ntities of water over 
given time periods will create ex
cessive nutrient movement, nutri
ent loss, and water contamina
t ion," says Caldwell. 

" We also know that under
ground w ater moves. How long it 
takes som e aqu ife rs to cleanse 
th emselves is another question 
that needs answ ering . And the na
ture of t he fertilizer materia l may 
be an importa nt factor. 

" These questions also need an
swering: Do greater losses of ni
trogen occur f rom inorg anic rather 



th an organic sources? Wh at influ
ence does N-Serve have on nitro
gen retent ion in t he soil? Are ele
mental forms of sulfu r more last
ing than the sulfate forms?" 

Depth of water table is another 
factor in nutrient contaminat ion. 
"At Staples we tr aced nut rient 
movement to the aquifer 10-11 
feet down . We need to know if nu
trients wi ll move into 20, 30, and 
50-foot aquifers," Caldwell says. 
(He suspects the answer is yes; it 
just takes a bit longer fo r nutrients 
to move farther down.) 

Crop Factor 

" Crop factor" stud ies were 
do ne on corn at the Lamb erton Ex
periment Stat ion last year to cor re
late crop evapotranspirat ion w ith 
evaporat ion from a U.S. Weather 
Bureau evaporat ion pan. Research 
is also underway to determine the 
relationship of crop temp eratures 
w ith th e moisture st ress under 
which crops are grown. Once the 
method s are formulated, it woul d 
be possib le for a farm er to tell the 
mois ture in the soil by taking sim
ple temperature measurements of 
his crop, says Evan Allred, UM ag
ricultural engineer. Such correla
tions woul d help th e farm er w ork 
out irrigation schedules. 

In addit ion, other scientists say 
it w on 't be long until bette r sen
sors will be used to elect ronically 
turn on th e irr igation equipment to 
areas of th e field needing mois
ture. 

Management Practices 

For now, good management 
pract ices shoul d help conserve 
water and avoid nitrate leaching. 
Fred Bergsrud, extension agricul
tural engineer, emphasizes that an 
irri gator must have a good knowl
edge of the soil , th e moistu re 
needed and how lon g it takes to 
complete an irrigation cycle. " Note 
the moisture balance and follow it 
up with field checks," he says. 
Tensionmeters and soil mo istu re 
blocks could be a big help. Placing 
half a dozen of either set of these 
tools (cost is about $200) on a 
fiel d may save an inch of w ater. In 
such cases, the savings in pum p
ing costs of the excess water will 
pay for these inst ruments, he says. 

Research o n t he relatio nship of 
crop t emperatures a nd mo istu re 
st ress may help fa rme rs est ab lish 
mor e effect ive irr igat ion schedul es. 

Potential in Minnesota 

Steve Grannes rememb ers w ell 
th e harsh sum mers of the past 3 
years. With less-than-average rain
fall, the sun scorched his fam ily's 
80 acres of corn near Litchf ield, 
M innesota. The yield in 1976 was 
a meager 10 bushels per acre. An 
irrigat ion-appl ying neighbor got a 
record 185 bush els per acre just a 
year earlier. Concerned with the 
possibility of a cont inuing drought, 
Grannes applied to th e Depart
ment of Natural Resources (DNR) 
for a permit to install an irrigati on 
facility. 

There are hundreds of sim ilar 
cases at the DNA. In fi scal year 
1976, 783 irrigation applications 
w ere mad e (only six were reject
ed). " But we are now takin g a 
closer look at surface water and 
appropriations and the effect a 
new w ell may have on th e gro und 
water of th e neighboring wells ," 
explains a DNR official. 

An irrigati on w ell pum ping 
from th e same aquifer as neigh
boring domest ic wells may cause 
a temporary lowering of th e water 
level in th e domestic wells. Only in 
rare cases will this level not return 
to near normal levels wh en th e ir
rigati on pump shuts down. A new 
law requires pumping tests in ar
eas where adequate info rmat ion 
on the groundwater is not availa
ble. This should sign if icant ly re
duce th ese interference possibi li 
ti es. 

A Un iversity agricultural publi
cat ion reports on the results of 
monito ring water levels in th e Bo
nanza Vall ey over a 10-year peri
od. Despite a dramatic growth in 
irrigated acreage in the valley 
(from 1,000 acres in 1966 to 23,000 
acres in 1976), " to-date (there is) 
no ev idence that the increased 
w ithdrawal of water for irrigation 
from th e aqui fer has had any sig
nif icant effect on the water levels 
(of th e Valley)." 

The stu dy is reported in " A 
Statement on Groun dwater and Ir
rigation" prepared by Soil and 
Water Conservation District Super
v isors and irrigato rs in central 
M innesota. The authors are O. M. 
Gunderson and J. E. Morris. 

Long Way 

Irrigati on in Minnesota has 
come a long way from the 1920s 
wh en ju st a few patches of vegeta
bles and fruit tr ees w ere watered 
in the Twin Cities by hand-operat
ed systems . Today, over 200,000 
acres get moisture during th eir 
hou r of need by th e most modern 
w ater-spouting equipment . And 
th e potentia l for growth in the 
state is substantial, says a report 
prepared by the Minnesota Depart
ment of Agr iculture. Indeed, 2 mil
lion acres of agricultural land in 
the state may be suitabl e for irri
gation, mostly in th e sandy soils 
of cent ral and southeastern Minne
sota. 
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Corn Borer Under Attack
 
MAR Y KAY O'HEARN 
Department of Information and Agricultural Journalism 

A female fly of Lixophaga diatraeae. The f ly is a natural par asite of th e sugarcane borer, but 
at tacks th e Europea n co rn bo rer un der experimental co ndit ions (photos by Dan Palm er ). 
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MI NNESOTA RESEARCHERS are 
launching an attack against the Eu
ropean corn borer th is winte r in an 
effort to control the pest w hich did 
an est imated $32 mill ion dam age 
to the state's 1977 corn crop. Para
sites (w asps and f lies) that could 
become enem ies of the corn borer 
and may help control it biological
ly have been prov ided by re
searchers in Yugoslavia and Trini
dad. In return, Minnesota Agricul
tural Experim ent Station research
ers w ill share th e results of their 
w ork. 

" One of the problems w e face 
is getting the w asps and f lies to 
mu lti ply in larg e numbers," says 
H.C. Chiang, Experiment Station 
entomologist. Chiang and D.F. Pal
mer, research scient ist, began 
w ork on th e corn borer problem 
this past summer as the start of a 
3-year init ial phase prog ram . 

" Biological cont ro l has always 
been considered a useful tool in 
insect contro l, but situat ions w ith 
marginal t o moderate effect ive
ness tended to be dismissed or 
overlooked," expl ains Chiang. " In 
no w ay does our approach dimin
ish th e im portance of cultural con
trol (practi ces such as t illage and 
irrigation ) or chem ical cont rol. 
Every in road mad e against the 
corn pest helps, " he emphasizes. 

Researchers are aware that 
som e parasites (as long ago as 
1934) were shipped from South 
Africa to Canada in an attempt to 
cont ro l the corn borer. However, 
no info rmat ion is available on the 
results ofthat importation, accord 
ing to Chiang. 

Chiang and Palmer are con
ducting experimen ts to find ways 
of increasing th e types of parasites 
that attack th e corn borer and de
velop ing methods of mass propa
gat ing at least three of the 
parasites. 

A paras ite ofthe sugarcane 
borer (Lixophaga diatraeae) from 
Trinidad turned outto be a fly 
wh ich wou ld attack the corn borer. 
It had been cultu red for 14 genera



t ions at the U.S. Departm ent of 
Agri culture-Agricultural Research 
Servi ce Bioenv ironmental Insect 
Control Laboratory in Stonevil le, 
M ississippi and sent to Minnesota. 
The parasites w hich didn't develop 
an affin ity to the corn borer includ 
ed: Apanteles sesam iae, parasite 
of the Afri can corn borer coll ected 
in the Republ ic of South Africa in 
spring 1977 and shipped to St. 
Paul v ia the Benefic ial Insect Re
search Laboratory of USDA in 
Newark, Delaware; Apanteles fle
vipes, a parasite from India collect
ed in Florida ; and Chelonus knabi, 
parasite of the wil d rice borer col
lected in Aitkin County, Minnesota. 

Mass propagat ion techniques 
are being attem pted with the fol
lowing (the f irst two are wasps, 
the second two, fli es): 

• Macrocentrus grandii, th e 
most prevalent parasite in 
the north cent ral region, col
lected in spring and summer 
1977 in various areas of 
Minnesota. 

•	 Eriborus terebrans, from the 
Yugosl avian consignment. 

•	 Lixophaga diatraeae, th e par
asite of sugarcane men
tioned earlier. 

•	 Lydella thompsoni, a species 
of parasite from Yugoslavia 
which had a significant im
pact on the corn borer popu 
lation before 1965, but has 
mysteriously disappeared 
since. 

Both th e Newark, Delaware and 
Ston evill e, Mississippi USDA facili
ties serve as quarant ine locations 
for overseas shipments. Before 
any distributi on is made in the 
U.S., it must be determined that 
no hyperparasites exist (this is a 
parasite of a parasite) to th row the 
research off. After emerging from 
the cocoon and being thoroughly 
examined fo r a period of t ime, 
adult wasps and fli es, packed in 
small cartons like ice cream con
tainers with styrofoam f ittings, are 
sent to St. Paul. 

Feeding wa sps and fli es and 
corn borers is important to the re
search, Chiang explains. Parasite 
w asps are placed in screen cages 
and exposed to fres hly cut pieces 
of corn stalk (9-10 pieces) in a dish 
3 inche s deep and 7% inches in di
ameter. This is aft er 20-30 corn 
borer larvae have been there for a 
day and produced fr ass (excre
ment) . The wasps respond to the 
f rass and lay eggs. The dish is re
moved f rom the cage and the lar
vae dissected from the corn t is
sues. Larvae are kept in vials and 
supplied w ith fresh corn ti ssue as 
needed . Parasite larvae emerge in 
about 3 we eks at 25° C. A new 
dish with fresh corn pieces, frass 
and larvae is placed in the cage, 
more eggs laid, and the process 
repeated as long as th e wasps 
live. " The presence of corn tis sue 
is important in the laboratory 
method. Ap parent ly it st imulates 
the parasite w asp to search for 
corn borer larvae," 
Chiang says. 

Flies are fed sugar w ater and 
caged. Variations in laboratory 
lighting situations are bein g stud
ied for the effect on the reproduc
t ion offly parasites. Corn borers 
eat a cereal m ixture about th e con
sistency of pudding. It contains vi
tamins and mold and bacteria in
hibitors. A generation of corn bor
ers can be produced in th e labora
tory in less than 60 days . 

There has been one clue, per
haps, to th e disappearance of Ly
della in th e 1960s. This past sum 
mer a few of these parasites were 
placed in f ield cages over corn 
plan ts wh ich w ere infested w ith 
corn borers. Five Lydella pup aria 
w ere recovered and two of the pu
par ia produced 20 was ps ofthe 
fam ily Pteromalidae. This indicates 
that 40 percent of Lydella were 
eaten by another fam ily of 
parasites. 

The egg paras ite Trichogram
ma spp. wi ll also be tested in re
search studies. It w ill come from 
both domestic and foreign sourc

es. Kill ing European corn borer 
eggs before the larvae emerge 
could deal a lethal blow to the in
sect before it does damage to the 
corn crop. 

Besides biological methods, 
f ield and sw eet corn variet ies re
sistant to European corn borer are 
being developed th rough the co
operation of plant breeders in hor 
t iculture and agronomy at the Ex
perim ent Stat ion, Chiang 
concludes. 
A female f ly of Lixophaga distraeae wit h t he 
uterus d issected out in or der to ext ract t he 
maggot s (many of wh ich are shown). A 
maggot is p laced on a corn bo rer larva t hen 
enters an d feeds inside it . 

A fe male wasp of Macroentrus grandii with 
t he long ovipo sit o r. T his is t he most prevalent 
corn bo rer par asite in the north ce nt ral region. 
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Fertil izing for est s to increase producti on may help fo rest man agers meet th e rising demand for wood prod uct s. This experimental energy forest 
illustr at es t he effect of vary ing fertili zer rat es. Yellow tr ees rece ived no nitr ogen fertilizer (pho tos by Edwin Whit e). 

HOW DO FOREST managers rec
oncile th e need fo r more lumber 
and wood products with the fact 
that available land to raise timber 
is shrinking? The answer may lie 
in fertilizing the forest to increase 
prod uction on the land th at is 
available. 

The growth response to fertil 
ization varies, but th e response is 
significant enough to merit further 
study. Several universities, includ
ing the University of Minnesota , 
are now studying forest fertiliza
ti on. 

Timber Production 

The demand for wood products 
has risen 70 percent in th e last 30 
years. At the same time th e de
mand for land for highways, pipe
lin es and urban developments has 
also risen, and areas such as th e 
Boundary Waters Canoe Ar ea and 
Voyag eur's National Park take 
more land out of ti mber pro duc
tion. 

More demand and less land to 
pro duce timber could lead to 
wood shortages. Shortages, in 

turn, could increase the need for 
expensive w ood replacements 
such as steel, aluminum, and plas
ti c. These material s take more en
ergy to prod uce and are nonre
newable resources. 

Forest land managers and re
searchers face the question of how 
to increase the growth rates of 
various kinds of tr ees. Accelerating 
tree growth with more int ensive 
forest management is one answe r 
to this quest ion. Practices such as 
weeding, thinning, irrigating, ge
netic selection, and fertilization are 
being used to increase product ion. 

Forest fertilization has gain ed 
in popularity during the last 25 
years. The process is occurring at 
both th e research and th e opera
ti onal level. In th e Pacifi c North
w est the commercial use of nitro
gen has produced a 38 percent cu
bic foot growth response in Doug
las fir during a 5- to 7-year period, 
with vari ation from 0 to over 100 
percent. 

Phosphorus and nitrogen addi
ti ons to slash pine and cotton
wood forests in th e Southeast re
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suited in growth response. Slash 
pine averaged 15 to 20 percent in 
cubic foot vo lume response to 
phosphorus applicat ions, whil e 
cotto nw ood responded to nitrogen 
by over 200 percent in some in
stances. 

Potassium has increased 
growth of red pine in the North
east but commercial applicat ions 
are rare. Research cont inues to ful
ly evaluate growth responses, nu
trient uptake by selected species, 
and th e fate of fert il izers app lied to 
forest ecosystems. 

Universities and Industries 
Cooperate 

Cooperative efforts in fert ilizer 
research have been occurring be
tw een forest industries, chemical 
suppliers, and universit ies since 
th e late 1960's. Fundamentally, 
they all attempt to achieve similar 
goals. Annual grants donated by 
cooperato rs are combined w ith 
university funds to purchase 
equipment and suppl ies and to fi
nance graduate students and sup
port ing scientists. Research em



phasis promotes forest soil man
agement through fertilization and 
assist ing forest managers in mak
ing the most effect ive use of their 
land resources. 

Forest Fertilization in Minnesota 

The use of fert ilizers in Minne
sota to increase forest produ ction 
is current ly under study. Recent in
formation indicates th at species 
native to north ern Minnesota may 
w ell respond to add iti ona l levels 
of nutrients although th e knowl
edge of th e nutrient requirements 
and growth limiting factors impor
tant to Minnesota's commercial 
tr ee species are limited. 

Canadian work from Ontario 
shows striking growth responses 
with nitrogen wh ere soils, species, 
and climate are similar to that of 
northern Minnesota. For example, 
nitrogen applied to 55-year-old 
jack pine result ed in merchantable 
vo lume increases of up to 49 per
cent over untreated trees. Similar 
results have been reported for 
both white and black spru ce. 

Canadian results served as a 
focal point for research initiated by 
UM's College of Forestry in 1976. 
To date, 186 experimental plots 
have been established in stands of 
red pine, jack pine, white and 
black spruce , and trembling aspen 
over a wide var iety of soils en
compassing much of th e northern 
forested part of the state. Fertiliza
tion with N, P, K, either alone or in 
combination , is uniform among 
plots and elemental sources in
clude urea (45 percent N), nitrate 
(33.5 percent N), triple superphos
phate (20 percent P) and muriate 
of potash (48 percent K). Working 
in cooperat ion with scientists of 
the UM Agricultural Experiment 
Station, are scienti sts of the Chip
pewa and Superior National For
ests, Diamond International Corpo
ration, Potl atch Corporat ion, and 
the Blandin and St. Regis Paper 
Companies. 

The addit ional increment due 
to fertilization usually takes 5 

Fertilized an d non-fer til ized 15-year-old pine trees. Larger t rees in th e background were ferti lized 
with phosph or ou s whil e smaller tr ees in front wer e no t fe rt ilized. 

years to reach a reasonabl e, 
m easurable magnitude; th erefore, 
it woul d be prematu re to present 
response data at this time. 

Non-Wood Production 

Besides having the ability for 
increasing timber volume produc
ti on, fertilizers are being used for a 
number of special forest-related 
pro ducts and purposes. Unl ike 
w ood produ ction, non-wood uses 
frequently require shorter time de
mands to produce a given result. 
Quick vegetative establishment 
and survival are im perativ e in ma
ny management situations. Road
bank stabilizat ion, forest nurseries, 
Christmas tree plantations, wildlife 
habitat management programs, 
and the maple sugar industry are 
among th e many non-wood pro
duct ion areas which could benefit 
from fertilization. 

The Energy Forest 

Perhaps the newest fertilizer-re
lated proposal attract ing atte nt ion 
in Minnesota is th e energy forest 
or fu el plantation. Proponents of 
this system see wood as an att rac
tive and compet it ive alternative to 
fossil fuels for energy production. 

Conceptu ally , genetically supe
rior clon es of poplars are grown 
on short coppice rotations ranging 
up to 15 years . Intensive cultural 
techniques may include sit e prepa
ration, w eeding, fertilizing, irrigat
ing, and mechanized whole-tree 
harvesting and chipping. The 
wood chips (w hich contain a larg e 
percentage of bark) would be 
transported to a local generating 
plant. The process repeats itself on 

a sustained y ield basis. Such re
peated harvesting on relatively 
short rotations might tend to 
"crop th e soil" excessively and 
thus be removing substantial 
quantities of nutrients that would 
have to be replenished by the use 
of fert ilizers. 

Larg e land requirements and 
high capital investm ents are obvi
ous drawbacks of th e fuel planta
tion conc ept, althoug h increased 
growth due to th e use of ferti lizers 
might result in a smaller land re
quirement. Estimates indicate 166 
square m iles or a plantation hav
ing a 7.3 mi le radius w ould be 
necessary to supply the annual 
electrical energy needs for a popu 
lation of 100,000. However, this es
timate does not preclude th e po
tenti al of w ood as a supplement 
for conven t ional forms of energy if 
land areas are available and total 
production costs do not exceed 
other alternatives. 

Ferti lization, one of many tools 
forest land managers can use to 
increase w ood fi ber pro duction, 
has advanced exponent ially in re
cent years. A wide variety of forest 
uses and produ cts are now associ
ated with fertilizer addit ions and 
future uses like th e fuel planta
ti ons may not be far behind. 

Additional investigations are 
needed to fully qua nt ify the effects 
of nutrient add it ions to th e fo rest 
ecosystem. It must be stressed 
that forest fertilization like agricul
tu ral ferti lizat ion requires th e care
ful diagnosis of soil, site, and spe
cies requirements for effe ctive and 
effic ient use. Without careful anal
ysis of th ese param eters, dangers 
of fertilizer misuse exist. 
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A MID-SEASON APPLE, Sweet Six
teen (Mn # 1630), and an early seaNew Apples for 1978 
son variety , State Fair (Mn #1 639), 

DAVID A. ZARKIN 
Department of lnformation and Agricultural Jo urnalism 

Sweet Sixt een (top) and State Fair (bo tto m) were grown and tested by Cecil Stu shnoff and 
Shirley Munson (UM hort icu ltu r ists). David Wildu ng. No rt h Central Experiment Statio n, and 
Wesley Gray, West Central Experiment Stat ion (p hotos by Cec il St ushnoff ). 
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w ill be released by hort iculturi sts 
at the Un iversity of Minnesota Ag
ricultural Experiment Station in 
1978. 

The two new culti vars have 
been grown and tested at experi
ment stations in M innesota and 
other states for several years. 

Sw eet Sixteen, a cross of Mn 
# 447 and Northern Spy, matures 
slig ht ly earlier than Mc intosh un
der average conditions, produ cing 
broader diversity of cult ivars for 
this season, says hort iculturist Dr. 
Cecil Stushnoff. Good storage, 
handling and cooking properti es 
characterize Sweet Sixteen, wh ich 
has a rou nd, conical shape. 

Trees have been moderately re
sistantto f ireblight and have not 
shown abnormal susceptibility to 
app le scab or cedar apple rust, 
Stushnoff says. Wi nter hardiness 
has been cons istently good and 
growth has been mo derately vig
orous and consistent ly product ive 
on seedling rootstocks. Sw eet Six 
teen in grower retail market tests 
is popu lar with consumers be
cause of its unique f lavo r and high 
quality. 

State Fair, a cross of Man tet 
and Oriole, ripens August 15-30, 
slig ht ly ahead of Beacon. Crisp, 
juicy wh ite f lesh with a spr ight ly 
moderate acid f lavor characterize 
th e fr uit, which is more durable 
than other early, hardy var ieties, 
such as Mantet and Oriole. Ripen
ing for State Fair is uniform and 
premature drop has not been a 
problem. Medium in size, the fruit 
is round and smooth w ith an at
tra ctive, br ight red glossy finish. 

State Fair t rees have been cold 
hardy in cent ral and western Mi n
nesota and grow vigorously as 
seedling roo tstocks. They have 
been most productive wh en grown 
on dw arf ing rootstocks. 

Stushnoff says State Fair 
apples are quite suscept ible to ap
ple scab under moist condit ions, 
alt hough an adequate spray pro 
gram can prevent this problem. 
State Fair is recommended for t rial 
in the north cent ral region wh ere 
good quality and early maturity 
are desired. 



more virulent stra in of fun gus is Science Notes present in New York . 

MANKER BARLEY RESISTANT TO 
SPOT BLOTCH 

The barley variety Manker, re
cently released by the Minnesota 
Agricultural Experiment Station, is 
resistant to spot blotch disease. 

Spot blotch caused yie ld reduc
tions of 20 to 30 percent in Larker , 
the most w idely grown var iety , at 
the Crookston Experiment Station 
in 1977. Similar yield redu ctions 
undoubted ly occurred w ith Larker 
in many fields throughout the Red 
River Valley. 

" Manker is very resistant to 
spot blotch," says University 
agron omist Don Rasmusson, who 
worked with plant pathologists Er
nie Banttari and Roy Wil coxson to 
develop the variety. Manker has 
been commercially produced for 2 
years. 

Malting tests have been con
iucted , and Manker has been clas

sifi ed as an acceptable variety by 
the malt ing and brew ing industry. 
However, matters have been pay
ing more for Larker than for Mank
er. " This may change as the malt
ing and brewing ind ustry becomes 
more familiar with Manker," Ras
musson says. 

Because 1977 was a good year 
for barl ey production in most plac
es in M innesota, yields w ere gen
erally above average. But Larker 
yi elds were reduced due to the 
spot blotch, which causes the 
leaves to die and contributes to 
lodging. "Some farmers who grew 
Larker w ere burn ed pretty badly 
by lower yields due to spot 
blotch," Wilcoxson adds. 

PINE TREE DISEASE COULD 
SPREAD TO MINNESOTA 

A serious disease that has 
kill ed th ousands of red and Scotch 
pin e trees in New York coul d 
spread to M innesota and neigh

~ r i ng states. 
Scient ists are worried that the 

disease could spread into the Lake 
states wh ere red pine is a major 
timber species. " The disease could 

wipe out pin e Christm as tr ee plan
tati ons in Minnesota, just like it's 
don e in New York ," says Minneso
ta plant pathology researcher Dar
roll Skilling. 

Scotch pine is th e most com
mon Christmas tr ee species. Pon
derosa pines in w estern states are 
also ext remely suscept ibl e. 

The state of New York has re
cent ly announced a quarant ine 
pro hibiting cut Christm as trees 
and pine nursery stock from being 
t ransported out of the di seased ar
ea. The disease can be spread by 
cut Christmas trees being trans
ported to previously disease-free 
areas. 

However, the disease can also 
spread by spores, insects, and a 
vari ety of oth er ways, Skilling 
says. 

The fungus disease, Scleroder
ris canker , has affected over 34,000 
acres of pine plantations in nin e 
northern New York counties over 
the past 3 years . This recent and 
dramatic rise in tre e morta lity has 
scientists worried that a new and 

"This strain is different fr om 
any oth er st rain of the fungus 
present in North Am erica. Our re
search shows it 's identical to the 
st rain that has caused extensive 
damag e to conifers in Europe," 
says Skilling. 

In Sw eden, the disease kill ed 
20 m ill ion nursery seedlings in 
one year. However, tr ees in Eu
rope have buil t up more resistance 
to the fungus, compared to the 
more suscepti ble U.S. pines. 
" Hard" pines such as red, jack and 
ponderosa are more susceptible to 
the disease wh ile soft er species 
such as wh ite pine have more re
sistance. 

POTATOES RESISTANT TO 
APHIDS 

In crossbreeding wild potato 
plants with US variet ies, Universi
ty of Minnesota Agricultural Exper
iment Station workers produce po
tatoes with sign if icant sources of 
resistance to green peach aphids 
-one of the most destruct ive of 
the insects wh ich attack potato 
plants in this count ry. 

Minnesota researchers are now 
hop eful about special laboratory 

u~ researche rs are studying a fungus disease called Scler od erris canker which co uld spread to 
Mmnesota f rom New York where it has k illed thousands of red and Scot ch p ines. 
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and field screening methods de When an ineffective insect icide is of stem rust in U.S. cereal grains 
veloped here. " It looks like w e can 
move ahead effect ively," says UM 
horticulturist Florian I. Lauer w ho 
has teamed up with UM entomolo
gist Edward B. Radcliffe. 

The screening procedures give 
th e scientists assessments of host 
plant aphid resistance. Resistant 
plants reduce aphid reproduction. 
" From a geneti c point of v iew, it 
appears that host plant resista nce 
can be transferred readily, " says 
Lauer. 

With US potato growe rs losing 
about $50 million annually from 
aphid-borne virus diseases, re
searchers in other states also are 
interested in th e Minnesota w ork. 

Some of the wild species from 
South Am erica and Mexico are re
sistant to the aphid and some are 
resistant to one of the maj or virus 
diseases called potato leaf roll. Ul
timately, it may be possi ble to de
velop horticulturally acceptable va
riet ies that are resistant to both 
the virus and aphid. 

Why not grow the wild South 
and Central Am erican potatoes in 
this count ry? These plants are not 
commercial types and many 
w oul d not even produ ce tubers 
given th e long Minnesota days. 

Som e highly effect ive insecti
cides are available for aphid con
trol, says Radcliffe; but th e grower 
has to choose carefully, because 
green peach aphids have devel
oped resistance to many of the 
previously effective insecti cides. 

Agr icu ltural Exper iment Station 
University o f M innesota 
St. Paul, M inn. 551 08 
Keith Huston, Di recto r 
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used th e result can be serious, be
cause th e insect icide will kill pre
dators of th e aphid and leave 
enough aphi ds to cause a great, 
rapid increase in aphid numbers. 

RESEARCH TECHNIQUES HELP 
DEVELOP DISEASE RESISTANT 
PLANTS 

New cro p varieties with long
lasti ng disease resistance are the 
result of new computerized re
search techniques plus an idea 
th at' s 65 years old. 

Central to the imp rov ed var i
et ies is th e concept of slow rust
ing, w here cereal crops may have 
a sma ll amount of disease damage 
from stem rust but are generally 
resistant to all known rust dis
eases. 

"Prof. E. C. Stakman f irst ob
served th is slow rust ing concept 
back in 1912," says Roy Wil cox
son, plant path olog ist at th e Uni 
versity of Minnesota. Stakman, 
professor emeritus at Minnesota, 
earned world-wide recogn it ion for 
his plant disease research. 

But it's only been recently th at 
plant scientists started developing 
disease resistant varieties based 
on this concept. Instead, th ey have 
developed new varieties such as 
Era wheat that have specif ic dis
ease resistan ce to known rust rac
es. And they've been very success
ful -there have been no epidem ics 

in the last 20 years. 
The only problem is that within 

5 to 15 years th ese variet ies usual
ly become suscept ible to rust. 
" What happens is that disease pa
thogens may change th rough mu 
tation or hybridization so th at new 
rust races are produced against 
crop varieties that had prev iously 
been resistant," says Wi lcoxson. 

Wilcoxson and co-w orkers in a 
few other states plus India and 
The Netherlands are wor king on 
the slow rust theory. They've 
fou nd that they can use very small 
plots consisti ng of 1-foo t grids to 
analyze disease resistance for spe
cif ic var ieties. Thi s way th ey can 
use computer programming to an
alyze thousands of variet ies and 
rust races. 

"If generalized resistance can 
be exploited, we should be able to 
reduce rust losses to about 10 to 
15 percent during a severe epi
demic. Varieti es wi thout general
ized resistance can suffer exten
sive losses of 50 to 90 percent." 

General resistance can help 
solve wh eat rust probl ems in de
veloping count ries as w ell. Leaf 
rust is the most serious threat to 
wheat produ ction in underdevel
oped count ries, according to Wil
coxson. 

" In India the disease is reduc
ing yi elds by 25 percent. These 
sources of resistance could cut 
th is loss in half, which translates 
into a 10 bush el per acre saving. " 00POSTAGE PAIDu.s. DE PA RTMENT OF ~ 
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