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Has Man Polluted
 
His Environment?
 

Dr. Hueg 

abound ed in the southern and west
ern counties a century ago? Many 
books of early Minnesota history tell 
of the hoards of bu ffalo that wer e 
foun d on these grasslands. Th ey also 
des cribe the streams and wa llows that 
ra n yellow and putrid from buffalo 
excretions. Th e environment of a 
hundred years ago was not pure and 
uncontaminated as many would like 
us to believe. 

The 4 million catt le on Minn esota 
farm s prod uce about 40 million tons 
of solid waste and 15 million tons of 
liquid wastes each year. Thi s mass of 
waste contains about 290,000 tons of 
nitrogen and about 40,000 tons of 
phosphorus. But about one qu arter of 
th ese wastes are dropp ed on pastures 
and ran gelands just as th e buffalo 
herds did in the natural environment 
of a century ago. About one half of 
th e nitro gen content of th ese wastes is 
volatilized before it reaches the soil. 
It is estima ted that the spreading of 
catt le wastes on crop land prob ably 
does not exceed 100,000 tons of nitro
gen per year. 

Experience has shown that to pro
du ce economic crop yields, abundant 
amounts of plant nutrients are re
quired. About 200 pounds of nitro gen 
and 100 pounds of phosphate are 
needed to produce a 100-bushel corn 
crop . Actua lly this crop will remove 
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Pollu tion is one of the great pro b
lems facing man tod ay. 'f'he pollution 
problem increases daily. The threat of 
increasing numbers of people raises 
the ques tion, will man be ab le to live 
on the polluted earth? 

The pollution story has two sides. 
What would the earth be like in the 
20th century if man had not been 
crea ted or if he had lived on another 
planet? Would non-hum an phenome
na have pollut ed the earth? Yes, for a 
phenomenon called eut rophication is 
going on indep endent of man. Eutro
phi cation is a natur al function resul t
ing from the living an d the dying of 
plants and animals, and shows itself 
most in lakes and streams. 

Th e Minnesota Agricultur al Experi
ment Station has been studying th is 
phenomenon for many years. Actually 
our studies of organic soils are possi
ble be cause of eutrophy whi ch took 
place over thousands of years. W e 
have interest to learn abou t survival 
of fish and wildlife in polluted habi
tat. We know the importance of safe 
wa ter supplies for humans and domes
tic anim als. W e wonder what becomes 
of soluble nutrient s from manures, 
and more recentl y from commercia l 
fertilizers. W e wonder what the long
run impact of the pollution pr oblem 
will be on the continua nce of the im
portan t livestock industry. 

To come to grips with these prob 
lems a symposium on animal wast e 
disposal was held at the Uni versity of 
Minn esota in lat e November. Thi s 
symposium brought together peopl e 
well inform ed on the pro blem throu gh 
resear ch. I t also brought to light the 
regulation developed by the Minn e
sota Pollution Contro l Agency with 
particular respect to pollution from 
livestock. Th ose in a ttendance repre
sen ted the industry concern , pollu tion 
and health groups, ar d the University. 
All agreed that they have a responsi
bility for education and research in 
th is area. 

In thi s article I have synthesized 
what I believe to be the high points 
of the symposium with the thought 
that this may be help ful in your think
ing about the problem. 

Let us first look at the magnitude 
of the an imal waste pr oblem in Min 
nesota. Th ere are 4 million cattle, 2J~ 

mil lion hogs, :4 million sheep, and 14 
million chickens and turkeys in Min
nesota. In rou nd numbers they repre
sent waste disposal equivalent to a 
populati on of 66 million people. 

If I would stop here you might con
clude that animal agriculture will 
eventually destroy th e lakes and 
streams of Minn esota, if not its total 
environment. But have you given 
th ought to the vast grasslands that 



140 pounds of nitrogen and 25 pounds evidenced by the condition of many originate from the feed ing of livestock 
of ph osphorus. On Minnesota's 18 mil of Minnesota's 10,000 lakes. Actually or other animals. May I suggest that 
lion acres of crop land, nearly 1 you can observe eu trophication in you secure a copy of this regulation 
million tons of nitrogen and 200,000 many of these lakes even though there from the Polluti on Control Agency. 
tons of phosphorus are removed each are no farms in the immediate vicinity. Review it carefully and raise the ap 
year. W ith present use of nitrogen Minnesotans have become increas prop riate questions with the Agency, 
and ph osphorus ($250 ,000 tons an d ingly alarmed and concern ed about livestock and farm grou ps, and oth er 
90,000 tons respectively applied in the po llu tion taking place in their local and state citizen grou ps. 
1968) Minnesota farme rs would be lakes and streams. It has seemed Pollution control is a concern to 
justified in adding three times as natural to look to area s of concen all of us. However , we need to be 
much chemical fer tilizer as they are tra ted livestock or farm use of fert i sure of all of the facts, and must base 
at present if they are to break even on lizers as the culprit. Th is is easier , our decisions on information accurate
nu trien t removal and ma intain eco especially if we have only remote in ly obtained. Understanding must be 
nomic crop production. ter est in this vast economic resource. created through research and educa

Many of you ar e avid home gar In 1967 the Legislature created the tion. Let us not through wrong as
deners. In order to keep your soil Minnesota Pollu tion Control Agency sumptions conde mn Minnesota 's live
open and friable, you may buy a ba le which is made up of 7 citizen mem stock industry which returns 1.2 bil
or two of peat each year. Have you bers. Th e Agency has authori ty for lion dollars in cash farm sales to the 
given thought to how peat developed? the control of wat er pollution , air economy of the state. Informed citi 
Have you even thought of its impor pollution, solid waste disposal, and zens can work together to control pol
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Fungicides and [
 
Carl J. Eide and R. E. Kroll 

Farm ers and plant pa thologists 
alike tend to think of disease resis
tance and fun gicides as mutually ex
clusive means of controlling plant di
seases. They seem to feel that a resis
tant variety needs no fungi cide pro
tecti on and that all susceptible varie
ties need the same applications of 
fun gicides. These assumptions are not 
necessarily tru e, as any farmer or 
plant pathologist can see fro~ his 
own observations and expenence. 
That is, nearly everyone who has 

tried to control plant diseases has no
ticed that it is easier to control di
seases with fungicides on some vari
eties than it is on oth ers. 

Surprising ly this fact , although 
often observed , has littl e experimental 
evid ence to support it. To get such 
evid ence, plant pathologists in the 
Minn esota Agricultural Experim ent 
Sta tion have mad e some studies. 

Dis ease resistance necessary 

Varieties of many crop plants are 
immune from certain diseases, while 
other varieties of the same crop are 

highly susceptible. Immune varieties 
seem to be the id eal answer to the 
problem of disease control, but un
fortuna tely (with a very few excep
tions ) disease immunity has one seri
ous drawback. Thi s is the fact that the 
immune vari eties are immune to only 
certain races of a certa in pathogen 
and highly susceptible to others. A pa
thogen (fungus, bacterium or virus ) 
may comprise a number of races, just 

Carl J. Eide is a pro fessor and R. E. Kroll 
is a research assistant, Department of Plant 
Pathology. 

This aerial photo on infrared film 
shows foliage as white. Solid white 
rows are soybeans. Between the 
soybe an rows are rows of potatoes of 
four standard varieties. Along most 
potato rows a constantly increasing 
amount of fungicide was sprayed. 
Note the increase of potato foliage 
where the amount of fungicide 
increased. 
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isease Resistance
 
as a crop may have a number of vari
eties. Races or varieties are all suffi
cien tly alike to belong to the same 
spec ies, but they d iffer in certain char
ac teristics. Among other th ings, races 
of pathog ens differ in their abi lity to 
pro duce the disease on different crop 
varieties. 

Here is an example. The potato va 
riety Kennebec, now wide ly grown in 
the Red River Valley, is immune to 
most races ( 15 or more ) of the lat e 
blight fungu s, Phyt oph tllOra injestans , 
but it is susceptible to Race 1. In 
1966, , hen late bli ght was destructive 

Relations of conc entration of tribasic 
copper sulfa te to defoli ati on of four 

varieties of potat oes by late bl ight. 
Th e figur es along the base are the 

distanc es in feet along a row of 
potatoes. Th e solid curve shows the 

concentra tion of th e fun gicide. 
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in Minnesota, Race 1, usually not gen, crop variet ies may differ in the 
pr evalent on oth er potato varieties, ease with which a pathogen pene
appeared on the variety Kenn ebec and trates them, or the time it takes for 
caused widespread damage. Thi s situ  the disease to appear af ter penetra
ation has occurred innumerable times tion. Varieties may differ with resp ect 
on varietie of various crops, man y of to any of a whole complex of charac
which were br ed specifically for resis teristics tha t tend to slow the devel
tance to a certain disease. The sudden opment of a disease, both in a sing le 
failur e of resistance to stem rust in individu al or a population of plants. 
newly-introduced wheat varieties is a Such resistance has been referred to 
classic example and an old story to variously as "field resistance," "partial 
wheat grower s. resistance," "generalized resistance," 

But this is not the whole story of and even "horizontal re sistance." 
d isease resistance in plants. Besides Characteristically it is equally effec
imm unity to specific races of a patho- tive against all races of a pathogen, so 
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Without fungicide both of the se varieties of po tatoes would have been destroyed by late blight. Here both varieties 
rec eived a light application of fungicide. This amount of fungicide protected the variety at the left but did not 

protect the more susceptible variety on the right. 

it is best described by the ra ther 
clumsy name "non-speci fic resistance." 

Non-specific resistance is rarely so 
great as to make a variety completely 
free of the disease, and it is also 
affected easily by weather and other 
conditions that influence disease de
velopment. So, in an average yea r, the 
pota to var iety Sebago may have much 
less late blight th an the variety Cob
bler, but in a we t, cold year highly 
favorable for b light both will be 
heavily infected . 

Th e incompleteness of non-specific 
resistance and its susceptibility to en
vironme nta l influences made it un
popular among plant pathologists and 
plant breeders as a po tential means 
for disease control. Besides inh eri
tance was found to be controlled by 
many genes, but race specific immuni
ty is usually controlled by one or a 
few factor pairs. This made the study 
of genetic ratios for race-specific im
munity easy and att ractive for plant 
breeders, while th eir plant path ologist 
collaborators took delight in id entify
ing and classifying pa thogenic races. 

However, th e occasional failure of 
race-specifi c immunity graduall y 
turned the attention of breeders and 
pathologists back to the less glamor
ous, apparently inadequate non -spe
cific resistance. Potato investigators 

were among the earliest to study non
specific resist anc e, because the late 
bligh t fun gus could produce new 
harm ful races with fantastic prompt
ness every time a supposedly immune 
varie ty of pota to was introdu ced . 

With close acquaintance carne a 
bett er realization of the potentialities 
of non -specific resistance. In average 
years a little resistance pro ved ade
qu ate to make the difference between 
a destructive epide mic and a mild one 
with littl e loss. Furthermo re, it be
came apparent that a moderate degree 
of resistance was of value in increas
ing the effectiveness of oth er methods 
of control. Thi s brings us back to the 
studies made with fun gicid es in the 
Department of Plant Pathology dur
ing the past three years. 

Th e hypothesis basic to these tests 
is that to control lat e bli ght a smaller 
amo unt of a protective fun gicide is 
necessary on a potato variety with a 
high degree of non-specific resistan ce 
than on one with less resistance. Thi s 
hypoth esis could be tested by plant
ing a number of plots of each of 2 or 
mor e varieties differing in resistance 
and then spraying th e several plots of 
each variety with different concentra
tions of th e fun gicid e. A comp rehen
sive test made in this way could in
volve a lar ge number of plots. 

To accomplish the same objective 
with less work a sprayer was built 
whi ch will apply a constantly decreas
ing concentration of fun gicid e along 
a row of potatoes. Th e machine used, 
called an expon ential sprayer, was 
made to reduce the concentra tion by 
one-ha lf every 6 seconds. Moving at a 
ra te of 200 feet per minute, this re
sulted in applying, at any given point 
along the row, a fungi cide suspension 
one-half th e concentra tion of that 20 
feet near er the starting point. Theore
tically, at the end of a 200 foot row, 
the concentration of the spray was 
about 1/1000 that at the beginning of 
the row. Thus the plants in a single 
row 200 feet long were covered with 
spray suspensions of a wide range of 
concentrations. 

Four common vari eties of potatoes 
were sprayed. Th ese were chosen be
cause of their known differences in 
non-specific resistan ce to late blight. 
After they were sprayed with the 
fungicides, the plants were inocu lated 
with the lat e bli ght fungus by spray
ing them uniformly with a suspension 
of spores . As the late blight disease 
developed, estimates were made of 
the defoliation caused by the disease. 

The graph shows the defoliation 
caused by late blight as of Sept. 23, 
1967, on single rows sprayed with tri -
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basic copper sulfate . The smooth, 
solid curve shows the theoretical con
centration of the fungicide in relati on 
to the distance from the starting poin t. 
Th e other lines show the percentages 
of defoliati on in four varieties at in
tervals along 200-foot rows. 

It is apparen t that at a concentra
tion of 4 lb per 100 gallons ( the rec
ommend ed ra te ) blight was con
trolled on all 4 varieties. At lower con
centra tions control was pro gressively 
less, but was poorest on th e suscep ti
ble varie ty Dazoc an d most effective 
on the resistant variety Sebago. At the 
time these notes were made, the per
centages of defoliat ion on non-spra yed 
rows of the same varieties were: Da
zoe, 100 percent ; Cobbler, 97 percent; 
Pontiac, 75 percent and Sebago, 75 
percent. 

By comparing defoliation in un
sprayed rows with defoliation at a 
given conc entration of fungicide, it is 
possible to express the effect of varie
ty on the efficiency of the fun gicide. 
Thus, at 140 fee t there was about 15 
percent control of the disease on the 
varie ty Dazoc, 62 percent on Cobbler, 
57 percent on Pontiac and 93 percent 
on Sebago. At this point the concen
tra tion of the spray wa s about 0.06 
Ib/IOO gallons. Observe that there 
was a higher percentage of contro l by 
the fungicide on Cobbler than on 
Pontiac, even though Cobbler is th e 
more susceptible of the two varieties. 
However, the greater resistance of the 
Pontiac resulted in a total percentage 
of defoliation a little less than on 
Cobbler. 

Th ese results indicat e that there is 
an associat ion between non -specific 
resistance to late bli ght and ease of 

control with tri-basic copper sulfate. 
However , the correlation is not per
fect and apparently is not only a mat
ter of there being less disease to con
trol on some varieties than on others. 
It was thought that the fungicide 
might adhere better to the leaves of 
Cobbler than to thos e of Pontiac, re
sulti ng in greater fun gicid al efficiency , 
but analysis of residues on the leaves 
did not suppor t this hypothesis. 
Wha tever the reason or reasons are, 
they still remain to be discovered by 
fur ther research. 

Does th is wor k have any practical 
significance? For example, it can be 
pointed out that when used at th e 
recommend ed rate, tr i-basic copper 
sulfate controlled bligh t on all four 
varieties. Inasmuch as the cost of ap
plicat ion is greater than the cost of 
materials, littl e could be saved by re
du cing the dosage on the more resis
tant varieties. 

This point is well taken. On the 
other hand, fungi cides do not remain 
at their original concentra tions after 
being applied to the foliage. Th ey are 
washed off by rain and rubbed off by 
the friction of leaf up on leaf. Th e re
sult is that af ter a few days, depend 
ing upon the weather, the original 
protective film is reduced . Figure I 
shows that Sebago is as safe wh en this 
residu e is equivalent to 0.06 lb/IOO 
gallons as Dazoc is at 1.0 Ib/IOO gal
lons. More frequent applicat ion is 
necessary to protect the more suscept
ible varieties. 

Efforts ha ve been mad e for many 
years to forecast th e occurrence and 
severity of lat e blight on the basis of 
weather, past and predicted , and to 
warn potat o growers of the necessity 

to spray or not to spray. It seems pos
sible, with th e information now avail
ab le from the studies here de~ cribed . 
to include the effect of variety in th~ 
information given to the grower. Ac
cordingly, a man growing Cobbler 
would have to spray under certain 
conditions whil e the grower of Sebago 
could safely wait. 

Th e concern about the effects of 
pesticides on the health of man and 
the environment in genera l emph a
sizes the desirability of using mini
mum dosages wh ere pesticides are 
necessary. By growing varieties of 
crops with non-specific resistance to 
diseases and knowing the requ ire
ments of these vari eties for chemical 
protection, the hazard to health might 
be reduced and modest savings made 
in the cost of control. 

Other instances of the effect of non 
specific resistance on disease control 
can be cited. Potato varieties have 
been introduced in whi ch ru gose mo
saic spread so fast that it was impossi
ble to keep under contro l by destr oy
ing infected plants. Because this is 
the ba sic techniqu e for meetin g the 
tolerances in certified seed, th e variety 
was abandoned . 

These facts are becoming more and 
more apparent to grow ers, plant pa
thologists, and everyone interested in 
disease control. It is increasingly ap
parent that disease control is not a 
matt er of employing one method or 
another. A combination is often, even 
usua lly, most effective. A certain de
gree of non-specific resistance is es
sen tial to the success of many other 
types of control and when absent 
often leads to increased disease prob
lems. 

AGRICULTURAL W ASTE PROD UCTS can be mad e into products useful to man. For 
example, sugar cane stalks are mad e in to wa llboard, and oat hu lls are transformed int o valuable 
chemicals. Wh y isn't this sort of thing done more? 

USDA scientists have made good paper from straw, and they have found ways to make use
ful products out of corn cobs and other wastes. But wastes such as these accumulate in small 
qu antities at farms and at feed mills. It does not pa y to transport them to cen tral points for pro
cessing. Sugar cane stalks and oat hulls an be used because th ey accumulate in large qu anti
ties at certain factories. 
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AORTIC R PT RE IN TURKEYS
 
Paul E . Waibel, Laverne M. Krista, Jay Sautt er, and Robert N. Shoffner 

The aorta, that big artery that re
ceives blood directly from the heart, 
may burst if it is weak or if blood 
pressure becomes too high. Since thi s 
form of sudden death occurs in both 
men and turkeys, research scientists 
are studying it intensively. Our Min
nesota team finds tha t heredity is a 
predisposing factor in turkeys. 

Aortic ru pture is a widespr ead and 
ever-present killer of turkeys. Other 
names for this malad y are internal 
hemorrhage and dissect ing aneurysm. 
A tear occurs along th e posterior ab
dom inal aorta near the kidneys and 
testes, and th e hemorrhage that 
quickly follows usually fills the body 
cavity with blood. 

Males suffer this fa tal accident 
much more than females, and the 
larger, faster-growing males seem 
most susceptible. D eath from aortic 
rup tur e occurs in tu rkeys most com
monly when they are betw een 8 and 
16 weeks old. 

The Crop and Livestock Service 
reports that approximately 3 percen t 
of the deaths of Minn esota turkeys are 
caused by aortic rupture. This may 
well be an underestim ation since these 
report s are based up on pr oblem 
flocks, while aortic rupture usually 
affects turkeys in healthy flocks. 

Th e first published report of this 
malady app eared in 1952. Minnesota 
Diagnostic Labo ratory records de
scribe cases in the 1930's and 1940's. 
Explanation for an increased inci
dence in the early 1950's may relate 
to nutrition designed for maximum 
produ ctivity (high energy diets, vita-

Paul E . Waibel and Robert N. Shoffner are 
professors and Laverne M. Krista is a re
search fellow, Department of Animal Sci
ence, Institute of Agricult ure. Jay H. Saut 
ter is a professor, Depar tment of Veterinary 
Pathology and Parasitology, College of Vet
erinary Medicine. 

min B12, uniden tified growth factor 
sourc es, and antibiotics) , to genetic 
selec tion for great er mu scling, and to 
disease stre ss and medication prac
tices. 

Natural aortic ruptur e is difficult to 
study experimenta lly because of its 
sporadic and unpredictable occur
rence. For study purposes, we were 
fortunate to have a reasonable inci
dence of aort ic rupture in some nutri
tion and physiology experiments; but 
in attemp ting to obtain similar results 
in further experiments by rep eating all 
procedural details as precisely as pos
sible, we obtained zero incidence. 

An important practical finding was 
made around 1960. Result s at South 
Dakota, Minn esota, and elsewhere 
showed that reserpine, a tranquilizing 
dru g, could control the incidence of 
natural aortic ru pture. 

In vestigat ors were happy to learn 
that beta-am inopropionitr ile (BAPN ) 
and diethylstilbestrol ( DES) pro du ce 
a malady similar to spontaneous aortic 
ruptur e in the turkey. BAPN was iso
lated from the flowering swee t pea as 
the cause of lathyrism (a bone dis
order ) in rats. DES is a synthe tic 
comp ound with estrogenic activity. 
Minnesota resea rch has utilized both 
of these compounds for ariflcial study 
of the probl em. However , the differ
ences between the experimentally in
duced and the natur al occurr ence left 
much to be desired in the study of the 
general problem. 

Why th e turkey? 

Other than the turk ey, man is the 
only spe cies known to be affected by 
aortic ruptur e. Th e U. S. Public 
Health Service has been interested in 
the use of the turkey to study the 
problem and has supported our re
search pro gram during the pa st 10 
years. 

It is believed that the turkey's sus
ceptibility to aortic rupture is due to 
a combination of high blood pressure 
and weakness in certain of the aortas . 
A simple ana logy is the automobile 
tire. Wheth er the tire blows out or not 
depends up on the strength of its 
weakest structural component and the 
amount of air pressure inside. 

Th e turkey's b lood pressure is high, 
averaging about 225 millim eters of 
mercury at 8 weeks of age. Blood 
pressure is increasing dur ing this time, 
and by 20 weeks of age it may average 
300 millim eters of mercury. There is 
a tremendous difference in blood pres
sure among individu al turkeys; a flock 
averaging 300 millimeters of mercury 
may have some birds under 200 and 
others over 400. 

Stud ies at the University of Wiscon
sin pointed out that some turkeys may 
ha ve de velopmenta l or degenerative 
structural changes in their aortas. F i
brous th ickenings called plaques ap
pear in the interior layer of the aor ta 
and have the effect of compressing 
and wea kening the middle muscular 
layer. Th ese changes have also been 
seen in Minnesota studies. 

Blood pressure-aortic rupture studies 

About 5 years ago we felt that the 
strain of turkey used might have some 
influence on the susceptibility to aor
tic ru pture. Th e University of Minne
sota Broa d White turkey rarely had 
the problem, while certain commer
cial strains were involved more often. 
Th erefore eggs were obtained from 
foundat ion stock of two commercial 
strains and hatched with eggs of the 
Minnesota strain. 

Th ere was a low inciden ce of mor
tality du e to aortic ru pture in all 
strains the first year. Both commercia l 
stra ins had greate r body weight gains 
and higher avera ge blood pressures 
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Turkey viscera with massive blood clots following death due to aortic rupture . Sex, age, nutr ition, and heredity are 
considered contributing factors in development of this disorder. 

than the Minnesota strain. Th e varia
tion in blood pr essure among birds 
from each source was so great that we 
decided to mate high -blood-pr essure 
males and females and low-blood
pressure males and females with in 
each strain to learn wha t would hap 
pen to progeny regarding blood pres
sure, aortic rupture, and body weights. 

In the first generation, the high- and 
low-blood-pressure progenies in the 
three strains differed in blood pres
sure by 10 P rcent. Birds from high
blood-pressure paren ts experienced 

.7 percen t, and those from low pres
sure pa ren ts had 2.0 percent mortality 
due to aortic rupture. 

Afte r three generations of selection, 
an average difference in blood pres
sure of 25 percent \ as obtained be
tween the high and low lines. During 
the last two genera tions, 12 percent 
mortality occurred in high blood pr es
sure lines, while only 2 percent occur 
red in the low blood pressure lines. 
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The resear ch has demonstra ted (1) 
that blood pressur e is high and vari
ab le in the turkey, (2) that blood pres
sure may be altered by genetic selec
tion, and (3) that incidence of aortic 
rupture is greater in birds selected for 
high blood pressur e. 

Futur e work on blood pressure stocks 

The low and high blood pressure 
selections were mad e within three 
strains during the first thr ee genera 
tions. W e ar e now embarking on a 
selec tion pro gram that will combine 
the high and low lines of the three 
strains into high, medium, and low 
lines of a new composite strain. 

We plan to study performance char
acteristics such as growth rate, effi
cien cy of feed utilization, egg produc
tion, fert ility, and embryonic livab ility 
with the turkeys of high, medium, and 
low blood pressure. In addition to ex
pected differential mortality due to 

aortic rupt ure, oth er morphological 
character istics such as rou ndheart and 
leg and bone disorde rs wiII be ob
served closely . 

As mentioned earlier, it has been 
diffi cu lt to study the natural aortic 
rupture syndrome due to its low in
cidence and sporadic occurrence. Our 
experience with the lines of high 
blood pressure indicates that a sub
stantial and a fairly predictable inci
dence of aortic ru pture may be at 
ta ined. Thus it should now be possible 
to study nutritional, hormonal, ph arm
acological, and environmental effects 
on the incidence of aortic rupture 
without resorti ng to ar tificial stresses 
such as BAPN and DES. 

l Iuch remains to be learned regard
ing factors involved in the cause of 
aortic rupture. H owever , our work has 
alrea dy shown that one possib le solu
tion to the problem involves selective 
breedi ng to eliminate bird s with dan
gerously high blood pr essur e. 
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Informed People Want the Best . . . .� 

Wood Floor Finishes� 
For Homes� 

Few consumers know much about 
flooring finishes. Most have had no 
voice in the selection of the finishing 
system applied to th e flooring of 
houses they build or bu y. Clear finish
ing materials are complex chemical 
formulations which most consumers 
can not be expected to understand. In 
addition, the finishing job is usually 
subcontracted by the builder to an 
applicator or finishing company. You 
may ask: Why conduct consumer re
search on a matter which th e consum
er neither decides nor controls? 

We went to the consumer with this 
research to find answers to the follow
ing thr ee questions : 

1. Are the finishing systems used 
for wood floors in Minnesota causing 
consumers to choose competitive floor
ing instead of hardwood flooring? 

2. ' Vould th e consumer choose a 
quality finishing system after being in
formed of advantages and disadvan
tages of the several finishing systems 
available, and would he specify this 
finish to the contractors ? 

3. Would the consumer pay extra 
for higher quality finishes and if so, 
how much extra? 

If most consumers could answer 
"yes" to these questions, then flooring 
manufacturers, through their associa-

Rober t D. Thompson is an assistant profes
sor, School of For estry. 

Robert D. Thompson 

tions, wou ld be in a better position to 
promote quality finishing systems to 
th e applicators and consumers. Thi s 
would benefit consum ers, and it 
would also benefit the hardwood lum
ber industry. Hardwood flooring lost 
about a third of its market between 
1955 and 1963, and the need for this 
market is critical to the hardwood 
lumb er industry, because mu ch low
grade hardwood is used for flooring. 

When I surveyed flooring applica
tors in th e Minneapolis-St. Paul area 
recentl y, they admitted that finishing 
systems being used are inferior and 
result in consumer complaints and 
call-b acks. Quality finishing systems 
are available, but the applicators 
thought they wer e either too new , too 
dangerous to apply, or too costly. 

Polyureth ene, a re latively new prod
uct with greatly improved wearing 
pro perties, can be dangerous to the 
health of the applicator when applied 
in a closed, heated house. It is also 
costly. Only one applicator in my sur
vey was using this product. 

Pen etrating sealer is highly recom
mended by the flooring associations 
because it does not scra tch, wears 
well, and any worn spots are easy to 
repair. But it must be applied in two 
coats with overnight drying after each 
coat ; th en it must be waxed. Becaus e 
of all this time and labor, many appli
cators and builders consider it too 
costly. 

Th e applicator is looking for fast
drying systems so he can lay the floor
ing one day, then sand and finish the 
next. Thi s has result ed in the use by 
most applicators in this locality of one 
of two finishing systems: 

1. Two coats of lacquer and a coat 
of paste wax. 2. A coat of gym floor 
finish ( long-oil varnish ) over a coat of 
lacquer (n o wax) . 

Lacqu er does not wear well and is 
easily permeated by liquids which 
stain th e flooring underneath. These 
spots are unsightly and extremely di
fficult to remove. The gym floor finish 
is more durable, less permeable, dries 
overnight, and can be applied imme
diately over a first coat of lacquer. If 
waxing is omitted in the second sys
tem, eith er finish can be completed in 
one 8-hour day. 

The Research Project 

We next surveyed homeown ers and 
potential hom eowners by selecting re
spondents at random during the 1964 
Annual Northwest Builders Show in 
the Minneapolis Auditorium. Ques
tions were asked these consumers to 
determine the effect of finishing on 
their demand for hardwood flooring . 

They were also asked to ra te four 
2-ft-by-4-ft clear oak flooring samples 
that had been prepared by a flooring 
applicator . Th e finishes on the sam
ples were: .1 penetrating sealer, 2. 
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Table 1. Consumer Ratings of Flooring Finishes per square foot, including sanding 
(1 is highest, 4 lowest) and finishing : penetrating sealer 20 

1st Rating 2nd Rating 3rd Rating 
Ap pearance Adva nta ges Disadvanta ges 

Type of Finish Only 

Penetrating Sea ler 4 

Polyurethene 3 

La cquer 

La cq uer & Gym Floor Finish 2 

polyur ethene, 3. lacqu er, 4. lacqu er 
and gym floor finish . The polyure
thene and gym floor finish were not 
waxed because this is the way they 
are finished by the applicators. Re
spondents rated the finishes three dif
feren t times: first from appearance 
only, again after being told a few ad
vantages of each, and finally after be
ing told a few disadvanta ges. 

The group int erviewed consisted of 
155 parties, a total of 198 persons; 114 
wer e males and 84 females, varying in 
age from 18 to over 58 years; 125 were 
homeowners, 30 non-owners. They re
ported family incomes from $4,000 to 
over $25,000 per year . 

Results 

Only homeowners were asked ques
tions relative to consum er satisfaction 
with ha rdwood flooring. Of this 
group , 86 were satisfied with th eir 
hardwood flooring, 18 had hom es 
without hardwood flooring , and 19 
were dissatisfied. Fourteen reasons 
were given for dissatisfaction having 

Revealed Revea led 

2 2 

4 3 

3 4 

to do with finishing problems. All con
sumers were asked to rate the sample 
finishes' their choic es are revealed in 
table 1.' When th ey first saw the sam
ples they preferred lacquer, but after 
bein g told the advantages their pref
erence changed to penetra ting sealer. 

With 198 consum ers ra ting, th e ma
jority ranked the finishes in the or
der shown abo ve. Note how ra tings 
changed as we gave th ese people ad
ditional informa tion about the finish
es. The final ran king by these peopl e 
is the same as the ran king pr eferr ed 
by exper ts on floor finishes. 

Some 121 par ties stated that as a re
sult of new insights obtained from us, 
they would insist on a particular type 
of flooring finish when they build. 
Thirty-one would not pay extra, but 
113 would pay to get their choice of 
finishing system. Table 2 reveals the 
answers of the 144 who rated and the 
price th ey would pay to get their 
choice. 

Th e contractor who finished the 
samples qu oted the followin g pri ces 

cents, polyur eth ene 15 cent s, lacquer 
and gym floor finish 12 cents, and la
cquer 12 cents. Sanding alone is 8 
cents per square foot, so th e differ
ence between th e highest-cost and 
lowest-cost finishes for th e average 
residence would be only $52. 

Conclusions 

Th e survey does indicate that finish
ing problems may be havi ng an unde
sirable effect on the use of hardwood 
flooring . The competitive products for 
this market stress ease of main tenance 
for their products , with the impli ca
tion that hardwood flooring is hard to 
maintain. The consumers generally 
like hardwood floorin g and prefer 
quality finishes, which is brought out 
by the fact that they rated the finishes 
in the exact descending orde r of their 
cost . Th ey also ind icat ed they would 
be willing to pay extra to get the 
finish they wanted. No costs were 
given to the respo ndents, but over 
half would pay enough to get th e 
best. 

It appears that the flooring manu
facturers and the associations should 
try to promote the use of bett er finish
ing systems; informing the consumer 
regarding quality and advising the 
applicators to use it could offer size
able dividends. In my opinion, con
sumers who decide to use hardwood 
floors and the best finishes will get the 
most value and the greatest satisfac
tion. 

Tcb'e 2. Amounts 144 consumers would pay extra for choice of flooring finish.* 

Woul d Woul d pa y extra up to 
not pay 

If not g iven cho ice extra $2 5 $50 $75 $100 $150 up Total Tota l 

Woul d change builder 20 29 23 11 29 9 101 121 

Might chan ge build e r 2 2 0 6 7 

Would not cha nge builder 10 2 2 2 0 0 6 16 

Tota l 31 32 27 14 31 9 113 144 

* 11 more pe rsons listen ed but did not an swer . 
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When farmers in northern Minne
sota began growing bluegrass for seed 
about 10 years ago, they learn ed about 
silvertop, a mysterious disease that 
caused bluegrass seed heads to dry 
up, lose their green color, and die be
fore they could form seed. Although 
silvert op hit fewer than 3 or 4 percent 
of the seed heads in most fields, in 
certain other fields it destroyed as 
many as 80 percent. Growers were 
alarmed to learn that no one under
stood the cause of this disease nor 
how to control it. 

We saw that something had to be 
done, and several yea rs ago we began 
studies that at first only deepened the 
mystery . We thought that silvertop 
might be caused by the whea t stem 
maggot, which causes occasional white 
heads in wheat and timothy , so we 
dissected many silvertop-affected blue
grass stems. Not more than 1 or 2 per
cent showed injury typical of the 
wheat stem maggot. In most instances 
a small section of the gra ss stem in
side of the leaf sheath and just above 
the top node was badly shrivelled . 
This injury to the inner stem caused 
the head to die and turn white. We 
could not imagine what might be 
causing the injury. 

Dr. F . G. Holdaway, who was pro
ject leader at the time, employed one 
of our graduates, Dr. Karl Schurr, to 
work on the silvertop pr oblem during 
the summer of 1962. Schurr did an ex
cellent job of openin g up the possibili
ties. He found that cutworms caused 
silvertop in some fields. These moth 
larvae cut off or partially severed the 
stems near the base of the plants. In a 
few other cases, silvertop was caused 
beetle boring in the stems, by the tiny 
by th e wheat stem maggot, by a small 
larva of a moth, or by egg-laying 
punctures of a weevil. 

A. G. Peterson is a professor and Elymar V. 
Yea is a research assistant , Department of 
Entomology, Fisheries, and Wild life. 

A. G. Peterson and Elymar V. Yea 

Schurr suspected that silvertop 
might also be caused by thrip s, mealy
bu gs, and a scutellerid bug. He and 
John Bean of the Depart ment of Plant 
Pathology isolat ed a fungus, Fusar ium 
poa, from many diseased plants, and 
this appe ared to be another possible 
cause. Schurr also conducted tests 
with eight species of insects in field 
cages. Results were inconclu sive. The 
cause of the most prevalent type of 
silvertop remained a mystery. 

Insecticides Provide a Clue 

In the mean time, we tested a num
ber of different insecticides for control 
of silvertop . We selected insecticides 
which were effective against different 
groups of insects in th e hope that by 
controlling some insects and not con
trollin g others we might get some 
clues to the cause of the disease. D DT 
gave excellent contro l of silvertop, and 
we found a close correlation between 
the incidence of silvertop and num
bers of thrips insects in our plots. Ad
di tional plant dissections revealed that 
thrips occurre d frequentl y inside the 
leaf sheaths. At the beginning of this 
century both Osborn and Hinds had 
reported that thrips caused silvertop 
of blu egrass. Hin ds said that a single 
thrips could cause the disease. W e be
gan to consider thrips a prime suspect. 

During the next few years we con
tinu ed our experiments with different 
insecticides, our studies with field 
cages, and periodic observa tions on 
many bluegrass fields. DDT redu ced 
the incidence of silvertop in every ex
periment. We had found a control 
without knowing the cause . 

Our work was hampered by a low 
incidence of silvertop. Many of our 
experimental fields had a disease inci
dence of less th an 1 percent. Usua lly 
we found a close relationship between 
the numbers of thrips and th e percent

age of silvertop within our experi
ments, but some of the fields with the 
most thrips had little silvertop . Also, 
we could not find thrips in all of the 
silvertop plants. This both ered us. 
Furthermore, in cage expe riments we 
repeatedly added up to 400 thrips per 
field cage (each cage covered a square 
foot ) with no results. It was obvious 
that several different kinds of thrips 
were pr esent. Perhaps we were work
ing with the wrong species. 

David Keith, who had been help
ing with the investigation, studied the 
cutworm which had been causing one 
type of silvertop . He correctly identi 
fied the species and worked out de
tails of its life history and habits. But 
this cutworm was distributed only lo
cally in th e bluegrass fields and did 
not cause the most prevalent type of 
silvertop . 

About this time we were fortunat e 
in being able to employ a skilled tax
onomist, Dr . Ke Chung Kim, for about 
5 month s to help us with some identi
ficat ions. Kim work ed for 2 months to 
identify the insects in a single collec
tion made by taking 50 sweeps with 
an insect net in a bluegrass field. He 
found 125 different kinds of insects in 
this one collection. When he recog
nized 9 species of thri ps from blu e
grass, some of these had to be sent 
to Europe for positive identi fication. 
Lat er, Bruce Cutler, a graduate re
search assistant, continued with iden
tifications and added to our collection 
of bluegrass insects. 

Following Kim's work we tried ad
ditional experiments with single spe
cies and mixed popul ations of thrips. 
Still, we could not produ ce silvertop. 
Individu al thrips confined on blue
grass stems in tiny cages of glass 
tubin g pr oduced no visible injury. 

Then it occurred to us that the 
Fusarium fungus might provide the 
answer. Dr. R. D. Wilcoxson of the 
Department of Plant Pathology iso-
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lated Fusarium from silvertop plants. 
Stems of healthy plants were inocu
lated with the Fu sarium suspension. 
Fusar ium cultures, alone and in com 
bination with thrips, were placed on 
bluegra ss in greenhouse cages. But 
none of th ese experiments produced 
any symptoms. When we sprayed a 
fungicide on some of our fields, the 
fungicide had no effect on th e inci
dence of silvertop . 

As the mystery deepened we came 
across various publications which re
port ed that silvertop was caused by 
mealybugs, fru it flies, me adow plant 
bugs, and mites. None of th ese caused 
our most prevalent type of silvertop , 
however. When our coworkers in 
Agrono my and Soils reported silver
top mor e abundant follo win g heavy 
appli catio ns of nitrogen fertilizer , it 
only added to th e mystery. Silvertop 
was esp ecially pr evalent in clumps of 
grass at the sites of old cow drop 
pings. 

We continued cage experiments 
with differ ent insects, insecticid e tri als, 
and periodi c observations on commer
cial fields every year, but our progress 
seemed to b e at a standstill. Fi nally, in 
lat e May, 1967, while makin g observa
tions on Morri s Hogglund's bluegra ss 
fields near Monticello, we found an 
area where th ere was 100 percent sil
vertop . Heads were developing symp
tom s of silvertop as soon as th ey 
emerged from the boot. In th is area 
black bugs of the genu s Capsus were 
un usually ab undant; we capture d 30 
to 70 per 20 sweeps of an insect net. 
As th e sea son progressed , silver top 
became prevalent in several fields in 
Roseau Coun ty . Caps us bu gs occurred 
th ere, too - up to 50 per 100 sweeps 
of th e net. We saw a direct relation
ship b etween nu mb ers of bugs and in 
cidence of silvertop. 

Next, Canadian scientists report ed 
that four spe cies of pl ant bu gs, includ

ing capsus adults, could cause silver
top . Further clues develop ed . Everett 
and George Helmstetter of Roosevelt, 
Minnesota , told us that silvertop 
seemed worse in bluegrass that fol
lowed spring wh eat. Palmer Olson of 
Roseau observed that silvertop was 
preva lent in a small area of his field 
wh ere wh eat straw had been deposited 
by high water in th e spring. 

The Cause and the Remedy 

We reason ed tha t insect eggs might 
over winter in the straw of spring 
whe at, and so in September, 1967, we 
collected samples of whe at straw from 
Helmstetter 's farm and from several 
other fields. We also collected flats of 
bluegra ss sad from several locations. 
During Februa ry severa l capsus bugs 
hat ched in th e greenhouse fr om over
wintering eggs in spring wheat, and 
others hatched from overwintering 
eggs in bluegrass. 

Some seedheads of bluegrass die and whiten before they can form see d. That's silvertop. 
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Incidence of silvertop resulting from confinement of capsus bugs on bluegrass in 
field cages near Roseau, Minnesota, 1968. 

Ca p sus b ug s pe r cage No . silver to p heads /total he a ds 

Kve e n fie ld Te st . no . I II III IV 
1 Ad ult 8/ 35 3/ 14 15121 12/ 12 
4 Ad u lts _..... .... 26126 13/ 14 6121 11 / 11 
1 Nymp h 20/ 37 3/ 19 0/1 2 8/ 15 
Co ntro l _ _.............. 0/2 4 0120 0/ 13 0/ 13 

Bjor kma n fiel d 
4 Ad u lts _.......... ............ 212 3/ 3 21/ 26 10/ 14 
1 Ny mp h _.... 42/4 7 29129 9/ 15 20/ 41 
Con tro l ...................................................... 0/ 36 0/ 42 0127 0/ 55 

Cages of this sort were used around 
single stems of grass. 

We caged some of th ese capsus 
bugs individually for 24 hours on 
bluegrass terns. Within a week typi
cal symptoms of silvertop developed! 
We tested several other species of 
plant bugs and leafhopp ers that also 
hatched from overwintering eggs, but 
only grass exposed to capsus bugs de
veloped silvertop. 

Our main objective for the 1968 
season was to obtain convincing evi
dence as to wheth er or not capsus 
bu gs do cause the prevailing type of 
silvertop. We collected capsus bugs 
from Monticello and plac ed them on 
blu egrass in field cages at St. Paul. 
Two bugs per cage resulted in 28 of 
34 heads developing silvertop; four 
bugs per cage caused silvertop in 70 
of 76 heads. Capsus bugs from Monti
cello and Roosevelt , Minnesota , were 
used in two series of replicated cage 
studies at Roseau. Silvertop developed 
in 19 of the 20 test cages (see table ) . 
A single bug caused up to 42 silvertop 
heads. 

Studies with individual capsus bugs 
in small cages proved that a single 
bug can cause silvertop by feedin g for 
just one hour. Both adults and nymphs 
cause the disease. Each bug carefully 
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selects a feeding site just ab ove the 
top node and inserts its sucking mou th 
part s thr ough the leaf sheath and into 
the inner stem. The sucking stylets 
penetrat e the plant tissues quickly, 
and in 3 or 4 seconds the bu g is read y 
to feed . As it feeds, it injects a toxic 
salivary secre tion that causes the 
shrivelling of the inner stem. Each 
clump of silvertop head s, such as at 
the site of an old cow dropping, 
probabl y results from the feeding of 
one or a few bugs. Th e higher inci
dence of silvertop in thicker growth 
may result from better winter protec
tion for the eggs or from th e selection 
of heavier growth for egg laying. 

Very small populations of capsus 
bu gs can cause considerable injury. 
W e beli eve tha t it will pay to control 
them if they occur five or more per 
100 sweeps of a IS-inch insect net. 
DDT may be used at 1 poun d actual 

per acre, malathion at ;ll pound, or 
diazinon at Jf pound. Malathion or di
azinon should be used, rather than 
DD T, on farms where there are beef 
or dairy animals. The insecticides 
should be applied just after the blue
grass heads emerge. 

We express our gratitute to many 
farmers in Roseau and Lake of the 
Woods Counties for their splendid 
cooperation; to County Agents Nor
man Haugen and Otto Lee, to former 
County Agent William Provance, and 
to R. . Rice and Frank Rykken of the 
Bluegra s Seed Producers Association 
for their continuous help; to Dr. E. F. 
Cook for assistance in identification of 
insects; and to Dr. L. J. Elling, Dept. 
of Agronomy, Dr. R. D. Wilcoxson, 
Dept. of Plant Pathology, and Drs. 
John Grava and R. S. Farnham, Dept. 
of Soil Science, for their suggestions 
and cooperation. 

Thi s bu g, Capsus, causes silvertop in Minn esota blu egrass. 
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munity newspapers thr oughout I linCONT OVERSYvs. CONSENSUS nesota. Each community was a site 
of majo r governmental activity. All 
except three were county sea ts. The IN COMMUNITY EWSPAPERS 
pap ers included 54 weeklies, 15 bi

G. A. Donohue C. N. Olien� weeklies and 19 dailies. Frequ ency 
P. ] . Tichenor of publicati on and newspaper circula

Socia l issues in rural and urban 
America recently have fo used new 
atten tion on the part played by news
papers and other mass media in fo
menting and resolving public contro
versy. Editors and br oadcasters must 
continually decide how - an d wh eth
er - to report controversy in govern 
ment, armed clashes between nations, 
confrontations be twe en rival farm or
ganizations, and disturbances in ur
ba n ghettos. 

In making these decisions, editors 
of mass media are faced with poten 
tia l praise as we ll as criticism from 
the pu blic for nearly any course they 
follow. The press has been praised for 
advancing certain controversial causes 
and for helping cool tempers on other 
issues. It ha been roundly cri ticized 
for needlessly stirring up controversies 
in some communities, and has been 
charged in others with failing to re
mind its readers of social injust ices. 

Way s of reporting conflict through 
mass media seem to pose a special 
problem in communities undergoi ng 
pronounced social change. Loss of 
population to larger citi es, urban re
newal projects, antipoverty legislation, 
farm er move ments, and school merg
ers do not occur without some strains 
in the social fabr ic. Community citi
zens at various levels of public life 
and in different institutions ha ve dif
fering views on how community prob
lems should be met. Debates develop , 
inside council cha mbers and outside. 
Viewpoints clash. Some controversies 
are settl ed qu ickly and others con
tinu e for months or years. Some are 
set aside, unresolved. 

A hist orical tradition in journalism 
defines the community newspap er as 
a "watchdog" over government and 
special int erest groups, pr otecting the 

P. J. T ichenor is an associate professor, 
School of Journalism and Mass Communica
tion. G. A. Donohu e is a professor and C. 
N.� Olien is an instructor, Depar tment of 
ociology. 
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interests of the average cit izen . Such 
familiar nam es as "Sentinel," "Ob
server," "Guardian," and "Monitor" 
are often reminders of a frontier era 
when a first objective of the news 
pap er was to mai ntain an alert and 
wary guardian stance over an ever
encroaching government. A news
paper acting according to this view 
would quite na turally keep readers 
informed about conflicts between per
sons and interest groups in commu
nity government. Th ey might also 
editor ialize on these local issues. 

On the other hand , there may be 
social forces pointing towa rd avoiding 
newspap er reports of local conflict , 
especially in smaller communities. In 
a town with a population of 1,500, for 
examp le, communication ab out local 
issues is relati vely easy to handle on 
a face-to-face basis. Th e common say
ing that "everybody knows every 
body's business in this town" might 
apply as well to governmental bu si
ness. Compared with bigger cities, 
this smaller community has fewer or
ganizations and arran gements for 
handling heated public disputes with
ou t disrupting social re lationships. 
Disagreements about public affairs 
may be handled informally an d, quite 
delib erately, kep t out of papers. 

News ab out controversy in local 
govern ment was an alyzed recently in 
a study of 88 nonmetropolitan com

tion were both closely related to popu 
lati on of the town in which the paper 
is published. I ews about local gov
ernment, controversial and noncontro
versial, was stud ied for a one-month 
period . 

Editors' views 

Editors wer e asked, "What, in your 
opinion, are some of the main things 
your newspaper does for th is commu 
nity?" The repli es, summarized in 
table 1, sugges t that their overr iding 
concern lies with pro viding informa
tion and news, with bu siness and civic 
promotion holding strong second 
place. Only three of the 88 editors 
mentioned the "watchdog over gov
ernment" idea and only two referred 
to community controversy as such. It 
seems, then, that these editors as a 
whole do not pla ce a particularl y high 
value on reporting deb atable is u s 
in government or other public life. 

Weekly editors, especially, ex
pressed the most pronounced views 
about the paper as a mechanism for 
maintaining social stability . Th e idea 
of developing a "community identity," 
or "mirror of the community" was 
mentioned by nearly a four th of the 
weekly ed itors bu t by less than a 
ten th of the editors of larger pape rs. 
Similarly, weekly edi tors less fre 
quently mentioned opinion leadership, 
education, and interest arousal as 

Table 1. Editors' views of "some of the main things the newspaper does for this 
community." 

Provides a pinion leade rship, ed uca tion 
Provid es new s, informa tion 
Business a nd Civic Pro motion 
Development of community id entity 

(se lf-ima g e, "m irror of community" ) 
Adver tising 
Inte rest Arousa l ... 

Bi-wee klies 
We ek lies & Da iles 

N = 54 N = 34 
Pe rcent Percent 

26 44 
76 68 
50 53 

24 9 
26 18 
11 26 

15 



16 

thin gs their pap ers do . Also, editors 
of lar ger papers more frequ en tly said, 
in answer to another question, that 
local government reorganization was 
an appropr iate topic for their own 
editorial pa ges. 

Local government controversy new s 

All 88 papers reported something 
about local government during the 
month studied, but they differed 
sharply in reporting of government 
conflict, which meant opposed po ints 
of view from at least two persons, 
agencies, or interest groups in the 
community . Among the pap ers pub 
lished daily, more than four-fifths car
ried at least one news arti cle about 
conflict in local govern ment during 
the month studied . Th at compares 
with two-fifths of the weeklies. Read
ers of larger papers, then, had at least 
twice the opportunity to learn about 
local controversial issues through 
news columns, compared with readers 
of sma ller pap ers. 

Ta ble 2. Reporting of conflict in local 
government, according to type of news

pa per. 

Perce nt of papers 
reporti ng conflict 

in loca l gov ' t. 

Week lies 41% 
Bi-weeklies ...................... 47% 
Do ilies 80% 

Does this image of serenity in small 
town weeklies indicat e a scarcity of 
public conflict , or do papers actu ally 
"play down" conflict? Both factors 
may be involved . Local government in 
smaller, more rural communities gen
era lly tends to be more passive, with 
issues frequen tly settled informally 
before they arise in formal county 
board or city counci l meetings. Larger 
communities tend to have more pur
posive and aggressive governmenta l 
bodies and agencies which, as a ma t
ter of course , air debates in public 
sessions. Furtherm ore, it seems reason
able to assume that smaller papers 
may more frequently avoid reporti ng 
the disruptive side of local govern 
ment and community life. Instead , 
they are more inclined to pr esent an 
image of local consensus in a way 

geared to ma intaining the basic, ex
isting stru cture of the community. 

Edit or 's power and conflict repor tin g 

Editing a newspaper might or migh t 
not mean being influenti al in a com
munity, but the Minnesota study does 
sug gest that editors who are in the 
local power struc ture may regard 
community conflict in different ways . 
However , how an edi tor translates his 
own influen tiality into conflict report
ing seems to depend , again, upon the 
size of his newspaper and the size of 
the community. 

In this study , the editor and the 
extension agent in each community 
were asked to name local persons 
who should be nam ed to zovernment 
planning and reorganization commis
sions. Th e editor was regarded as a 
member of the local power structure 
if he was named by either the age nt 
or himself. Exact ly half of the editors 
(44 ) were iden tified as members of 
th e loca l power structure , according 
to th is measure. 

Ta ble 3 shows that bo th power 
stru cture sta tus and type of news
paper are related to reporting of 
local govern mental conflict. H owever, 
power status seems to have opposite 
consequences for th e tuio grou ps of 
papers. That is, power sta tus seems 
to work against reporting conflict 
among weekly edito rs, and for conflict 
reportin g among editors of larger 
papers. Considering all editors with 

Table 3. Reporting of conflict accordi ng 
to type of newspaper and whether the 
editor is in the community power stru c

t ure 

Per ce nt of ed itors 
whose pape rs 

re ported conflict 

Wee kly ed itors, 
In Powe r Str ucture ..... 32% 

Wee kly ed itors, 
Not in Power Struct ure 48% 

Bi-wee klies & Doilies, 
In Power Structure ..... 73% 

Bi-weeklies & Dailies, 
Not in Powe r Structure .. 53% 

power status , there is a sharp differ
ence in conflict reporting between 
weekly and lar ger pa pers (32 vs. 73 

percent ) . Among editors without 
power sta tus, the difference between 
smaller and larger papers is negligible 
(48 vs. 53 percent ) . 

Th ese findin gs seem consistent with 
the different functions ed itors say they 
are performin g. A weekly ed itor qui te 
reasonabl y might act more in accord
anc e with the news, civic, and promo
tional func tions if he is in the power 
structure and therefore knows more 
about the social makeup of his com
munity. A daily edito r with power 
status, on the oth er hand, might be 
more familiar with the issues which, 
in his type of community, need to be 
repor ted so that all int erest groups can 
keep informed . 

Assuming that patterns found here 
are represent ative of most community 
press performance in Minn esota, the 
findin gs neither condemn nor condon e 
that performan ce. Instead , they help 
both ed itors and community leaders 
und erstand bett er how the pr ess 
serve communities of different types. 
Weekly editors, perhaps, not only 
have different functions than their 
larger-town colleagues , but may be 
the first to recognize the differences. 
I t might be ar gued that the sma ll 
community pr ess in Minnesota is miss
ing an opportunity to encourage pub
lic discussion about major issues in 
the very pla ces where the winds of 
chanze are blowing the strongest. But 
it should be added that comm uni ty 
studies around the nation have in
dicated that the pa ttern of non -contro
versial reporting in weeklies found in 
this study is widespread, and it is 
also one which community leaders in 
genera l support. A frequ ent view ex
pr essed by the small community 
pow er stru cture is that major com
munity decisions should be reported 
only after they are made. 

Nevertheless, a common assump tion 
of American government is that open 
public debate helps nour ish a healthy, 
stable, and dynamic democratic proc
ess. Wh ere the mass medi a do not 
stimulate tha t debat e - because of 
lack of resources, independ ent deci
sion of the editor, or community pres
sure - the community may need to 
seek oth er mechanisms for initi ating, 
legitimizing, and defining new forms 
of action for community progress. 

MINNES OTA SCIENCE 



Livestock Disease Research� 
D. K. Sorensen 

Financial losses to the livestock and 
poultry indu stries from disease and 
parasites amount to 2.8 billi ons of dol
lars annually according to SDA esti
mates. Most of this loss has to be 
pa ssed on to consumers. Or to put it 
another way, whenever research finds 
a way to eradicate or lessen a major 
disease of li -estock, the savings are 
worth millions of dollars to consumers. 

Th e billion-dollar livestock and 
poult ry industries of Minnesota have 
had their share of these losses. Th e 
ravages of bovine tuberculosis , brucel
losis, hog cholera, and pullorum di
sease in poultry stimu lated active re
search proj ects early in the history of 
the Minn esota Agricultural Experi
ment Sta tion. Three of these disease 
problems are still be ing actively in
vestigated - brucellosis in catt le and 
swine , cholera in hogs, and Salmonella 
infecti ns in poultry. Minnesota re
search on poultry disease was de
scribed in the fall 1968 issue of this 
magazine by Dr. Benjamin S. Pome
roy. 

The basic phil osoph y of animal 
health programs in the U.S. is to work 
without compromise toward eradica
tion of each disease. Target dates 
have been established for the total 
era dication of bovine tuberculosis, bo
vine brucellosis, hog cholera, and pul
lorum disease in Minn esota within the 
next decade . 

As these diseases are eliminated 
from our livestock and poultry, oth er 
problems take their pla ce. Problems 
mul tiply as herds increase in size and 
live und er more confined conditions. 
The research program in veterinary 
medicine has been greatly broad ened 
here since the establi shm ent of the 
University of Minnesota College of 

D. K. orenson is a prof essor and th e head 
of the De partment of Veterinary Medicine, 
College of Veterinary Medicin e. 
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Veterinary 1 Iedi oine. In our eigh t de
pa rtments we now have approximate
ly 50 active resear ch projects finan
cially sup ported by grants from the 
Minnesota Agricultural Experiment 
Station, the U. S. Department of Agri
cultur e, the National Institutes of 
Health, and private industry . 

Scien tists in the College are con
du ctin g research on many livestock 
disease pro blems that cause serious 
economic loss. Research on the disease 
problems affecting our companion ani
mals ( horses, dogs, and cats ) is also 
being done. A parti al list of ca ttle di
seases on which research has been 
cond ucted includes mastitis, shipping 
fever, congenital porphyria , vibriosis, 
infertility problems, brucellosis, keto
sis, leukemia, bloat, calf diarrhea, 

polioenceph alomal acia, tr ichloroethy
lene-extra cted soybean oil meal toxi
city, lead poisoning, engorgement 
toxemia , viral diarrhea-mu cosal di
sease complex, and black leg. 

Research on swine disease includes 
nearly all major diseases of swine, hu t 
a significant research effor t was di
rected on hog cholera, edema disease, 
parakeratosis, colibacillosis, Clostridi
11m perf r ingens type C en tero toxemia, 
salmonellosis, myoclonia congenita , 
nu tritional anemia, swine dysent ery, 
and swine brucellosis. 

Disease problems of horses and 
dogs have not received as mu ch atten
tion, but research has been going on 
for these compa nion anima ls. For our 
canine fr iends, investigations on lept o
spirosis, hip dysplasia, dir ofilari asis 

The research that veterinary scientists carry out pays for itself many tim es 
over in savings to farmers and consumers. 
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(hear t worms ), kidney diseases, and 
thallium poisonin g are some examples 
of the diseases being researched. 

Th e benefits to the livestock indus
try from these research results are im
measur able. Results from thes e inves
tigations have contribu ted to the over
all knowledge for each of these di
seases. In some instances the resear ch 
findin gs have had a major impact on 
the control of the disease. And in th e 
end it is the consumer who benefits 
from all these advances . 

Th e University of Minn esota has 
led in th e development of diagnostic 
tests for brucellosis. Many of the sero
logic diagnostic tests used in the con
trol and erad icat ion of brucellosis 
wer e either developed or standarized 
here at the College of Veterinary Me
dicine and have assisted materially in 
the eradication program. 

In the late 1940's and early 1950's 
a new disease threat ened our livestock 
in Minnesota . Scientists here found 
that the cause of thi s disease was soy
bean oil meal that had been extra cted 
with trichloroethylene . Research at 
Minnesota helped to explain the cause 
and mechan ism of this toxicity and 
led to the prevention of the disease by 
use of an other extraction process. 

Lead poisonin g is still a major cause 
of cattle deaths each year. Resear ch at 
Minnesota has developed a rapid test 
for diagno sis and improved methods 
of treatment. Th is rapid test has en
abled veterinarians to positively dia g
nose the disease earlier in an outbreak 
and thu s has led to the preventi on of 
additional cases and deaths of ani
mals. Studies on imp roved methods of 
treatment have also resulted in a 
greater recovery rate of affected ani
mals, thereby decreasing the economic 
loss from this dise ase. Again, th e con
sumer benefits. 

Bovine viral diarrhea currently is 
one of the major infectio us diseases 
affecting beef and dairy catt le indus
tries in Minnesota and the entire na
tion. Result s of research studies hav e 
explained many of the basic mechan
isms ope rating in thi s infect ion; and, 
based upon these findings, efforts ar e 
being dir ecte d toward improved meth
ods of preventi on and contro l. 

Improved methods of labo ratory di
agnosis of bov ine viral dia rrh ea have 

been develop ed at Minn esota. This 
has pro vided a means to positively 
confirm outbreaks in th e state, to di
agnose th e disease earlier and mor e 
accurately, and thus to reduce econo
mic loss. An effective vaccine is avail
abl e for bovine viral diarrhea, so the 
impor tant featu res for the successful 
control of this disease are accur ate d i
agnosis and Widespread use of th e 
vaccine . 

Infertili ty is becomin g recognized 
as one of the maj or causes of eco
nom ic loss in the catt le industry. 
Studies at the University of Minneso
ta College of Veterina ry Medi cine 
have done much to identify and to 
point out this major cause of economic 
loss. An investigation by Zemjanis and 
Wescott on infertility of cattle in East 
Polk, Pennington , and Red Lake coun
ties in Minnesota provided a basis to 
accurately estima te the economic loss 
associated with infertility of dairy cat
tle in Minn esota. These investigators 
have reported that a conservative esti
mate of th e annual loss due to infer
ti lity to the dairy industry of Minn e
sota exceeds 100 million dollars. Con
sumers will have to pay for that loss 
until research finds a way to eliminate 
it. 

The College of Veterin ary Medi cine 
has a long history of resear ch on 
swine diseases. In fact , we have been 
one of thr ee leading universities in 
the Midwest in this resear ch. Findings 

in these lab oratories have con tributed 
greatly to our knowledge on the di
agnosis, treatment, and pathogenesis 
of hog cholera . 

Th ere have been many estima tes on 
the costs of living with hog cholera on 
a national basis . Th e average estimate 
was 50 million dollars annually pr ior 
to the national hog cholera eradica
tion pr ogra m. In Minn esota in 1962, 
pr ior to the inauguration and partici
pa tion in the national hog cholera 
era dication program, there were 214 
herd out breaks involving 23,815 pigs, 
of which 7,821 died . A conservative 
estimate of the economic loss to the 
Minn esota swine industry from hog 
cholera was $225,000 in 1962. Five 
years later in 1967, after Minn esota's 
par ticipation in the hog cholera eradi
cation program, our outbreaks of hog 
cholera were reduced to 48. Th e eco
nomic loss associated with hog cholera 
was estimated to he only $75,000 for 
1967. 

Scientists at Minn esota were the 
first to prove conclusively that vibrio 
organisms were the cause of swine 
dysent ery. Parakeratosi s was first re
ported and id entified as a distinct 
clinical d isease at Minn esota. Coliba
cillosis of newborn pigs has emerged 
as one of the principal diseases and 
causes of death of young pigs. Much 
of our knowledge on the path ogenesis 
of this disease is the resul t of research 
findings from Minn esota. 

MI NNE SOTA SCIENCE 



CROWN VETCH� 
R. G. Robinson 

Farm ers, would you like to sow a 
crop in your youth and har vest un til 
you retire? W ould you like a crop that 
sells for dollars per pound rather than 
the usual pennies per pound, an d a 
crop that beautifies your farm an d 
conserves the soil? 

Su burbanites , would you like a 
beauti fu l p lan t th at req uires no mow
ing or hoeing and stops th e washing 
of soil on that steep bank behind your 
garage? 

Highway engin eers, would you like 
a plant that ends mowing , soil wash
ing , an d maint enan ce pr oblems on 
steep roadside banks? 

Mining corpora tions , would you 
like a crop th at produ ces beef rather 
than complaints on your ab andoned 
strip-mine lands? 

Nurserymen, would you like a crop 
that will bring over five hu ndr ed dol
lars per acre? 

Crownvetch can do all th ese things 
for growers in som e parts of the 
United States; bu t unfortunat ely, re
search at the Agricultura l Experiment 
Station at Rosemount reveals a less 
encouraging outlook for the prosp ec
tive growe r of croumcetch in Minne
sota. 

What is Crown vetch ? 

Crown vetch is a perenn ial legume 
with viny stems that grow ab out 3 
feet long. Its small purplish-pink to 
white flowe rs are arranged in clusters 
the size of a quarter. Th e un ique ad
vantage of crownvetch over most al
falfa variet ies and most crop clovers 
is the spreading root growth which 
thickens thin stands with new shoots. 

Th e plant is named from th e vetch
like leaves and cluster of upright seed 
pods tha t resemble a crown. Botani 
cally, it is not a vetch (Vicia). Instead 
it belongs to another genus and is 
named Coronilla varia. 

R. G. Robinson is an associate professor, De
partme nt of Agronomy an d Plant Genetics. 
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Adap tation 

The soil fertility requiremen ts of 
crownve tch are similar to those of 
alfalfa. It is not a we tland nor acid
soil crop; good dr ain age and a soil 
pH of 5.5 minimum (6 to 7.5 pr e
ferred ) are essential. At Rosemoun t, 
p lan tings on slopes and level land 
have b een sa tisfactory . Plan tings on a 
south-facing slop e were sligh tly bet
ter th an those on a north-facing slope. 
The p lant is reported to tolerat e shade 
quite well. 

Much of the succes s with crown
ve tch has been in Pennsylvania and 
areas where win ters are milder than 
Minnesota's. It is hardy here but kills 
to th e groundline, in contra st to alfal 
fa, th e upper crown of which over
winters. So grow th of crownvetch ap
pears lat er in the spring, giving weeds 
tim e to estab lish ahead of it in April 
and May. Becau se of thi s, crownvetch 
for forage or seed producti on should 
not be sown on fields infested with 
th istles and other serious weeds. 

Varieti es 

Penn gift, the first varie ty of the 
crop , was released in 1954 by the 
Pennsylvania Agricultural Experim en t 
Stat ion. D r. Fred Grau , former exten
sion agronomist , foun d a strange 
"weed" on th e Robert Gift far m. Mr. 
Gift said that the pl ant had appeared 
on th e farm abo ut 1905, after his 
fath er planted some alfalfa from 
Eur ope. Th e descendants of th is 
"weed" are Penngift. 

Che mung varie ty was released in 
1961 by th e USDA Soil Conservation 
Service. It origi na ted from a comp o
site of severa l seed collections grown 
for 15 to 20 years at th e SCS Plant 
Materials Center, Big Flat s, Ne w York. 

Emerald was released in 1961 by 
Iowa State University and the USDA 
Soil Conse rva tion Service after 20 
years of na tur al selection in Iowa. Th e 

original seed was collected in Hussi a 
in 1911. 

Trials sow n in 1963, 1964, and 1965 
a t Rosemount show ed that Em erald 
and Chemung estab lished stands mor e 
quickly th an Penngift, due to th eir 
grea ter seedling vigor. On th e other 
hand, greenhouse s tudies by the Min
nesota Depa rtm ent of H ighways and 
University of Minnesota Depar tment 
of Horticultural Science indicat ed 
that roots and rh izomes of Penn gift 
made more growth th an those of th e 
other varieties. 

W interhardiness of th e three varie
ties was usually sa tisfactory , but Penn
gift was th e least hardy. Penngift is 
earlier b looming and p roduces th e 
most seed, but th e othe r varieties pro
duce more forage. 

Stand E stablishment 

New plantings of crownve tch are 
made by setti ng plants or cutt ings 
(c rowns) in 2- x 2- or 3- x 3-foot 
spacings or by sowing seed . 

At seed costs of 3 to 10 doll ars per 
pound, min imum sowing rates are de
sired . Recommen da tions for broadcast 
see dings ran ge from 5 to 20 pounds 
per acre. W e use 10 pounds. 

Germin ation of good crownvetch 
seed is lower th an that of most crop s 
and may average 50 percent plus 30 
percent hard seed . Seed lots th at have 
mu ch hard seed should be scarified 
and tested ag ain for germination be
fore planting. 

Thiram (Arasan ) seed treatment 
increased emergence and seedling 
survival in tests by th e Soil Conserva
tion Service in Iowa. 

Special inoc ulant for crownvetch 
see d can be obtain ed fro m inoculant 
manufacturers; inocu lants for vetch , 
alfa lfa , clovers, and other legumes ar e 
not effective on crow nvetch . Some 
authorities re commend using skimmilk 
or syrup instead of water to moisten 
the seed wh en inocul ating. 
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Slow germination, weak seedlings, 
slow growth , and weeds make stand 
esta blishment the greatest obs tacle to 
succ ess with crownvetch . Research at 
Rosemount using herbicid es, compa ni
on crops, and mowing gave no sure 
method of obtainin g a good stand. 
Wi th few exceptions, stands obta ined 
the first or second year by us and 
Minnesota growers woul d be unsatis
factory for any other crop. However 
satisfactory stands may develop in a 
few years if the site is adapted to 
crownv etch and not too weedy . 

Late August sowings in oat stubble; 
wi th rye, oats, or field bromegrass; 
and alone winterkilled or were not 
able to compe te with wee ds in the 
spri ng. Germinati on in the spring 
from these August sowings was often 
good but weeds prevented successful 
establishment. Some Iebraska re
earch suggests that September-Octo

ber sowings may not hav e been uc
cessful because the inoculan t bacteria 
win terkilled . 

Broad casting or drilling seed be
tween corn, soybean, or sunflower 
rows after the last cultivation about 
July 1 usua lly failed because the seed
lings did not develop sufficiently to 
overwinter. However the best estab
lishment in our trials came from a July 
2 sowing in corn 10 inches high. 

Trials of lat e April and May sow
ings with several companion crops 
( oats, flax, annual ryegrass , annual 
bromegrass, yellow mustard , and rye ) 
indicated that rye and yellow mustard 
were best although oats and flax were 
sa tisfactory. Spring-sown winter rye 
produ ces few heads but helps to con
trol weeds. 

We used a grain drill with parti
tioned box and placed the companion 
crop seed and crownvetch + ground 
cum mixture in altern ate compa rt
men ts so tha t the two crops were 
sown in alternate rows. Th e crown
vetch + ground corn mixtur e was 
proportioned so that the proper grain 
drill sett ing for the larger-seeded com
pani on crop also sowed the desired 
amount of crownvetch . A grass seed 
attachment can be used for broad cast
ing or for alternate row sowing with
out blending if the tub es from the 
grass seed box are insert ed into the 

furr ow openers. One-half inch or less 
is th e best planting dep th for crown 
vetch. 

E PTC ( Eptam) at 3 pounds per 
acre ap plied befor e planting and 
disked in gave much better stands of 
crow nvetch than did compa nion crops, 
and usually good enough stands to 
allow seed harvest the year after 
planting. Both crownvetch and yellow 
mustard grown in al ternate rows 
showed good tolerance to tri fiuralin 
(Treflan ) in a 1967 tr ial at Rose
mount. Thi s promising companion 
crop-herbicide combination needs fur 
ther research and does not have 
USDA ap prova l. 

Seed Production 

Seed yields at Rosemount are shown 
in table 1. Th ese high yields are from 
small plots with litt le harvestin g loss 
and adequate bees for pollination. 
Minnesota grow ers on large fields, 
often with bee hives in the field, have 
harvested from zero to 150 pounds per 
acre. 

W eeds are a major cause of aban
doned seed crops. Another cause of 
seed crop failure is heavy vegetative 
growth between b loom and harvest 
when summer rainfall is high. Seed 
pods do not develop fully when 
buried in this abundant growth. 

Th e major problem in seed harvest 
is un even rip enin g and pod shatte ring. 
Gree n leaves and all stages of flower 
and seed maturity occur on the plants 
in August and Septemb er. Th e crop is 
usually windrowed to allow weeds 
and gree n plant s to dry befor e com
bini ng. Defoli ant sprays to kill the 
green leaves may eliminate the wind
row ing operation. Paraquat applied 
August 2 at Rosemount resulted in 
completely brown foliage by Augu st 4. 

Seed yields in 1966 from crownvetch 
sown in 1963 and in 1967 from crown 

vetch sown in 1965 at Rosemount 

Va riet y 1966 1967 

paunds pe r a cre 
Che mung . 426 412 
Emerald . 540 258 
Penngift . 598 630 

LSD (5%) . 63 

Othe r defoliants have also been re
ported effect ive. 

Th e combined seed pods are usually 
piled in a shed and turned every day 
until they are dr y enough to dehu ll. 
Crop dryers could probabl y be used. 
Dehulli ng is accomplished with seed 
dehullers or huller-scarifiers. A ham
mer mill can be used, but consider
able seed br eakage occurs . 

Minnesota growers of Registered 
and Certified seed are listed in the 
Fa ll Seed Directory of the 1 I innescta 
Crop Improvement Associat ion. 

Forage Production 

Although once considered poison
ous, crownvetch is now used as a 
forage crop . Most research has show n 
it to be less palatable and less nutri
tious than alfalfa . The viny growth is 
difficult to mow, so its ma jor feed use 
is as pasture. Bloati ng of catt le on 
crownvetch pasture has not been a 
problem. 

Summary 

Do es crownvetch offer Minn esota 
something that the more easily and 
cheaply grown alfalfa, clovers, and 
grasses do not ? Yes, a new orname nta l 
plan t and perhaps an erosion-preven t
ing cover for steep banks. However, 
we do not know whether crownvetch 
will surv ive all winters under the ex
posed conditions on these banks. Fur 
therm ore, the slow start of this plant 
in the spring requires both the roots 
and the dead foliage from the previ
ous year to prevent erosion from spring 
rains. Its ma jor advantage over c m
man legume crops is its ability to 
spread by root growth. Our first plant
ing mad e in 1956, is still slowly 
spreading in a fence row. 

For seed production, present high 
prices offer enticing return s, but a 
large acreage has been established for 
commercial production . Unt il more 
successful establishment methods are 
found, demand for seed may not in
crease enough to maintain ad equ ate 
pri ces. 

For forage, crownve tch does not 
offer any special charac teristic or 
site ada ptation not already a~a ilable 
among the common legumes and 
grasse s. 
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Production Ecology� 
In Trout Streams� 

How good your fi shing is in the future� 
may depend on studies such as this one� 
by Uniuersity of Minnesota biologists.� 

Thomas F . W aters 

Somewh ere on a northern i Iinneso
ta trout stream, an angler's fly line 
whispers through the cool air . The 
waters are bright, ru nning fast an d 
cold. With the thrill of expectancy, he 
anticipates the ru sh of a striking trout. 
The angler is a solitary sort - rarely 
telling his friends or family exactly 
where he's going - and does not wish 
an audience to his sport. For solitud e 
is an essential element of this fragile 
natural resource; the trout stream sur
rend ers quickly to any mistreatment 
by mobs, highway construction, pollu
tion, poor grazing, logging, or crop
pin g practices, insect treatm ent, or 
other "multiple uses;" it is not a re
source for mass recreat ion. 

The sport itself is centuries old, and 
equipment and techniques, as well as 
the angler's philosophy, have changed 
little since the mid dle ages. But be
neath the wa ter 's sur face, a complex 
organization of phenomena must take 
place, over several yea rs and perhaps 
over acres of watershed and miles of 
stream, in order to produce the sud
den, rattling explosion of a striking 
trout that the angler loves so well. 

Good knowledge of what happens 
and w ho is doing it has only been 

Thomas F. Waters is a professor, Department 
of Entomology, Fisheries , and Wildlife. 
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gained in the last few decades. But 
often the question of why one trout 
stream can supply many more trou t 
th an another, with the same pheno me
na taking place in both , continues to 
hallie the stud ent of trout stream ecol
ogy. Knowledge of the rate at which 
these phenomena take place - the 
dynamic character of the stream com
munity - appears to hold the key. 
And this knowledge is just beginning 
to appear in only tant alizing amounts. 

Gradua lly, stud ents and managers 
of our natural resources are forsaking 
emphasis on lists of distri bution and 

The growth-survivorship (o r Allen ) 
cur ve for measuring the production 
of a yea r-class of fish or aquatic 

invertebrates. 
B C 

abundance of animals and plan ts, and 
they are becoming more interested in 
this dynam ic character of natura l eco
systems. Although considera bly more 
difficult to measur e, the annual pro
du ction of the fish population, for ex
ample, is obviously of greater value to 
the fishery mana ger responsible for 
setting a harvest qu ota than is a list 
of species and numbers present at any 
given tim e. Growth rates, reproduc
tive rat es, mortality and surv ival, and 
food consumption rates, as well as 
production rates, and the environmen
tal facto rs affecting them, are all part 
of the dynamic charact er of a popula
tion . 

"Production ecology" is the qua nti
tati ve study of such dynamic aspects. 
Th e student seeks not "What?" and 
"How man y?", but "at what rate?" He 
is, in essence, attempting to determine 
and measur e the various tran sform a
tions of energy, commencin g with 
sunligh t as the source, through a 
population or community. Th e main 
goal is the ra te of production of 
stored energy, and what happens to it, 
in the population concerned . 

Of cours e, the rat e of energy stored 
is not the sole concern of th e resourc e 
manager. Thi s is tru e particularly with 
a recreational resource - for cultural 
instead of economic factors frequentl y 
dominat e managem ent objectives. Our 
trout angler is not nearly so concern ed 
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Elcctrofishing me asures fish 
populations. 

with how man y calories of radian t 
energy are represented on the busi
ness end of his fly line as he is with 
how well they strike and fight and, 
hopefull y, grace the supper tabl e. Th e 
manager, however , knows that that 
event is acco mplished at the end of a 
longer line of energetic phenomena 
about which he would like to know 
more. 

Fish Production Rate Mea sur ement 

Little more than 25 years ago, with 
the publication of Raymond E. Linde
man 's classic expression of the produc
tion ecology concept formulated here 
at the University of Minnesota, the 
actual measurement of anima l produc
tion rat es in nature was considered 
almost impossible. A major break
through occurred five years later in 
the meth od developed ind ep endently 
by two fisheries biologists, William E . 
Ricker of Canada and K. Rad way 
Allen of 1 lew Zealand. Simply, their 
mathematical model stated that pro
duction is growth ra te multiplied by 
population biomass, in terms of pou nd s 
per acre per year. Thi s is, of course, 
the total elaboration of fish flesh , ir

respe ctive of its fate or whether it 
surv ives to the end of the year - th e 
true definition of production ra te. 

A few years after this, Allen , in his 
classic study of th e bro wn trout popu
lation in New Zealand 's Horokiwi 
Stream, presented a graphical modi
fication of this method that increased 
greatly its application. In thi s meth od, 
the number of fish in a year class is 
plott ed on the ordinate, whil e the 
mean individual weight of the fish is 
p lott ed on the abscissa. The result is 
nearly always close to an exponential 
curve in shape (Figure 1 ) . Th e cur ve 
is most properly termed a growth
survivorship curv e, or, popula rly, an 
Allen curve. 

Th e to tal production of the entire 
year class is equivalent to the area un
der the Allen curve (ABCDE in the 
figure ). When the area under the 
curve is divi ded into annua l incre
ments, and the increments for the sev
eral year classes pr esent in one year 
are added, the sum is the annual pr o
du ction. These methods - the math e
matical model and the gra phical mod
ificati on - are now rather widely 
used in studying fish populations, par
ticularly in trout streams where peri
odic population estimates can be mad e 
relatively easily by electrofishing. 

The F ish's Food - Invertebrate 
Production Rates 

Natur al diets of stream trout are al
most wholly made up of inv ertebrate 
animals - usually aquatic insects 
that are produced in the stream along 
its stony or gravel bottom. In season 
trout eat some dr y-land insects that 
fall into th e water, but this sour ce is 
usually minor. Th e an gler's dry fly, for 
example, most commonly imitates the 
adult stage of an aquatic insect , rather 
than a terrestrial form. Thus, a major 
qu estion is how much stored energy 
in the form of aquatic invertebrates is 
being pr oduced by th e stream syste m 
in a period of tim e. Thi s ra te alone 
will set virtual upp er limit s to the rate 
of trout produ ction. 

Ricker's and Allen 's methods for fish 
pr odu ction rates, being broadly appli
cable in theory , can be as validly ap
pli ed to insects an cI other aqua tic in
vertebrates. A major requirement in 

this method - growth ra te - is di ffi
cult to obtain , however, unl ess the age 
of the anima ls can be determined ac
curately. This is relatively easy in fish 
(whose scales hav e annual rin gs ) , but 
is more difficult among invertebrat es, 
and it presents a major limi tat ion in 
application of the method to inverte
brates. 

Studies of Mayflies and Shrimp 

In the D epartment of En tomology, 
Fisheries, and Wildlife, certain studies 
in the fisheries research program have 
concentra ted on the production ecol
ogy of a small, highly prod uctive 
brook trout stream, Valley Creek. One 
aspe ct of these investigations was the 
estimation of the prod uct ion ra te for a 
single kind of stream mayfly, Baetis 
vagatlS, a species common in many 
trout streams and one that is often 
imitated by the angler's dr y fly. Thi s 
estimate included the application of 
Ricker's and Allen 's methods, and it 
was the first such estimate of a str eam 
invertebrate's production to be made, 
so new is this type of research. 

Th e result was about 100 pounds of 
mayflies per acr e, annually - a figure 
that includes tremendous numbers of 
organisms that, at their maximum size, 
each weigh only about 0.0002 ounce. 
Baetis oagans, however, is not th e 
dominant memb er of the invertebrat e 

Samplers measure invertebrates on 
bottoms of streams. 
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Drift nets are used to study movements and behavior of aquatic invertebrates. 

fauna, nor even an important item of 
the trout diet, in Valley Creek; that 
position is held by the freshwater 
shrimp , Gamm arus pseudolimnaeus, a 
small crustacean so abundant in the 
stream that it constitutes nearly th e 
entire diet of the brook trout. 

On the basis of various comparisons 
with the mayfly Baetis, the freshwater 
shrimp production was calculated to 
be most likely about 20 to 40 tim es 
that of the mayfly - or on the order 
of 2,000 to 4,000 pounds per acre, an
nually. Other aspects of this research 
pro gram ind icate an annual brook 
trout production of about 150 to 200 
pounds per acre per year. And con
sidering that these fish requir e about 
6 to 8 times their production in na
tural food, and considerin g that they 
will perhaps consume something like 
half th e food produced, the above fig
ur es of 2,000 to 4,000 pounds of inver
tebrates ( mostly the shrimp, Gamma
rus ) produced per acre per year 
seems, althou gh rough, in the right 
ord er of ma gnitud e. 
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In compar ison with oth er known 
production estimates, these dat a for 
shrimp appear high. One reason may 
be th at streams appear to be one of 
the most productive types of ecosys
tems, perhaps becau se the current is 
available as a rapidly acting mechan
ism to supply nutrients or food an d 
carry away wastes. Another undoubt
edly is that Valley Cr eek is near the 
high end of the range of productivity, 
even among other streams. 

The Plants - Primary Production 

Th e next logical point of interest is 
the production rate of the next lower 
trophic level, the food of the inver te
brates or the primary producers. In 
this type of stream, the main primary 
pr odu cers appear to be algae (mostly 
diatoms ) attached to stones and a few 
rooted aquati c plants such as some of 
the mosses and watercress. However, 
from even our limited knowledge of 
primary pr oduction rates in streams, 
it does not seem likely that these 
could supply the energy a t a ra te suffi

cient for the high production of fresh
water shrimp. Since these shrimp are 
primarily detritus feeders, consuming 
such materials as leaf fragment s from 
the watershed, it seems certain that 
the invertebrate faun a in this case has 
as its primary energy source the ter
restrial environment ra ther than the 
stream itself. 

It is becoming more and more evi
dent that man y if not most strea ms 
fall into this category; the external 
sour ce of primary produ ction appears 
to be quantitatively of major imp or
tance . Obviously, the rate of supply 
of this food sour ce is extremely diffi
cult to measure; and, while several 
researchers are working on this prob
lem, no data are yet avail abl e. 

Productivity of Trout 

It is barely possible at this time to 
classify trout str eams on the basis of 
the level of fish production rates: the 
number of estimates available from 
various parts of the world can be 
counted on the fins of a brook trout. 
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At the top of the list in productivity 
is Jew Zealan d's Horokiwi Stream, 
with a brown trout production rate of 
close to 500 pound s per acre per year, 
although some workers feel that this 
is somewha t of an overes timate. Next 
appear streams like Valley Creek 
with probably 200 pounds per acre 
per year in a good year. A few other 
streams in the western U. . and Great 
Lakes area, rated as excellent trout 
fishing strea ms, run about 100. And a 
single estimate of a relatively infertil e 
granitic mountain stream in England 
was slightly over 10 pou nds per acre 
annua lly. 

In Minnesota, we can probab ly ex
pect the soft-water streams of the 
North Shore country to run about 10 
to 25 pounds per acre per year, while 
the highly productive streams of the 
east and south-east will pr obably pro 
duce 50 to 100 and up wards, with 
some centrally located streams some
where in between . Unfortunately, vir
tually no data have been obtained on 
the invertebrate or primary pro duc
tion rates in these streams at pr esent. 

Low production rates do not neces
sarily mean that a par ticular stream is 
of low quality; an isolated small creek, 
for example, may pr ovide high quality 
angling for the few fisherm en who 
visit it. There is often litt le relation 
ship be tween biological productivity 
and the cultural values in trout fish
ing . But greater knowledge of produc
tion biology will cert ain ly help us in 
attempts to use these high-quality re
sources most effect ively - for exam
ple, to retain low-productivity, high
quality streams in a wilderness or 
primit ive-classified area. 

And of course, we are writing here 
about productivity in the natura l 
stream. Interference by man, either 
inadvertentl y, or in de liberate man
agement by stocking, habi tat modifi
cation, and legal restriction, can 
change the situation - but tha t's an
other fish story. 

The trout that finally took the fly of 
our Minnesota friend a while back 
probably did gra ce his sup per tabl e. 
Trout are good eating. And although 
the energy chain is thereby extended 
to yet another troph ic level, we'll call 
a halt with the trou t. The trout fisher
man may be too diffi cult to locate. 

Fina ncia l Statement� 

MINNESOTA AGRICULTURAL EX PERIM ENT STATION� 

RESEARCH FUND EXPENDITURES� 

YEAR ENDED JUNE 30, 1968� 

Expenditures by Source 

Percent Amount 

Federal Funds . . 16.8 $1,331,172 

State Appropriations . 59.9 4,749,517 

Gifts and Grants . 14.4 1,143,647 

Fees, Sa les, Miscellan eous . 8.9 709,894 

Total _. 100.0 $7,934,230 

Expenditures by O bject Classificat ion 

Percent Amount 

Persona l Se rvices . 67 .5 $5,356,383 

Tra vel _ __ . 1.7 136,765 

Equipment, Lands, Structures . 6.6 523,384 

Supplies and Expense . 24.2 1,917,698 

Total . 100.0 $7,934,230 

Expenditures by Location 

Percent Amount 

University Campus-St. Paul . 90.0 $7,138,263 

Branch Stations-Within Minnesota 10.0 795,967 

Total 100.0 $7,934,230 
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