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" . . . I decline to acce pt the end of man. It is easy enough to say
 
that ma n is immortal simply because he will endure: that when
 
the last ding-do ng of doom has clanged and faded from the last
 
worthless rock hanging tideless in the last red and dying eve ning.
 
that even then his puny inex ha ustible voice will sound . I refuse to
 
accept this. I be lieve ma n will not merely endu re: he will prevail.
 
He is immortal becau se he has a soul and a spirit capable of corn

passion and sacrifice and end urance ."
 

Will iam Faulkner 
Nobel acceptance speech, 1949 

World Wide photo 

PORTRAIT OFA NOBEL SCIENTIST
 
Wh en the first news report flashed around the 

world that an American scientist had won the 
Nobel Peace Prize, newsmen converged on the 
Un iversity's SI. Paul Campus. They wanted to know 
who and what this little-known University of Min· 
nesnta-educated scientist had done 10 earn this 
coveted award. Th ey were understandably puzzled 
that an agricultural scientist had been singled out 
for his efforts in promoting world peace and under
standing. 

Those who kn ew Norman Borlaug-both as a 
student and teacher, and as a friend in the inter
ven ing years-were hardl y surprised that the 56
year-old plant breeder had won the $78,400 award 
for his research on high-yield ing, semi-dwarf 
wheat varieties. As Dean of the Institute of Agri
culture Sh erwood O. Berg pu t it, Borlaug is "a 
man committed to a cau se" whose work helped 
to avert "outright famin e in many parts of the 
world. Those wheats averted disaster in Pakistan 
during the critical drou ght years of the mid 
1960's. The new varieties also played a major 
role in meeting Ind ia's chron ic food shortages and 
they transformed Mexico from a wheat-defic ient 
to a wheat-export ing county. 

Many political observe rs also feel that Bor
laug's plan t breed ing efforts extend far beyond 
feeding the starving ma sses in und erdeveloped na-
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tions: The abun da nce of wh ea t has brought politi
cal stability to potentially explosive region s of 
the world. For this reason, Borlaugs whe at varie
ties and oth er Rockefeller Foundationdeveloped 
cro ps ha ve been dubbed the "Green Revolut ion ." 

The United Nations Food and Agricultu re (lr
ga nization hailed the award as a tribute to a man 
who ha s "pushed back the frontiers of hunger 
and contributed to the crea tion of a climate In 

which pea ce is possible." 
But perhaps the greatest impact Borlaug has 

made is not on the world, but those around him. 
De an Berg noted that "a very important charac
teristic is his capacity to inspire people. Any time 
I've gone to visit him, I've fou nd him out in the 
field. usually surrounded by young plant breeders 
from arou nd the world." 

It was in these same fiel ds that Borlaug was 
approached by a re porter who first broke the 
news of the awa rd to him. Borlaug's immediate 
reaction was characteristic, "Some bod y must have 
made a mistake." 

Borlaug came to the University in 1933 and 
earned his bachelor's degree in forestry. His un
dergraduate adv isor, now act ing dea n of the School 
of Forestry, Dr. Frank Kaufe rt sa id Borlau g did 
"outstanding work." Others agree. Professor Henry 
Hansen, a former classmate of Borlaug's, said, 

"He was a top notch student. He worked all the 
time ." 

Borlaug continued his graduate edu cation after 
a two-ye ar stint as a research assistant in plant 
pathology. He received his Ph.D. in plan t pathol 
ogy in 1942. During that time he was also an in
structor in the School of Agriculture, Borlaug was 
always on the go then , Dr. Hansen recalled, "He 
waited tables at the girls' dorm and worked in 
parking lots too ," Accord ing to present associates, 
Borl au g has cha nged little. He tells his students 
"that they have to get their hands dirty, that they 
have to sweat and work hard if they're going to 
do something good ." 

Four state governments have decorated Borlaug, 
and severa l universities have bestowed hono rary 
degrees over the years. The Un iversity of Minn e
sota honored Borlaug with the Outstanding 
Achievement Award in 1959 and the Dr. Elvin C, 
Stakman Award in 1962. 

In recent years omi nous wa rnin gs from popul a
tion experts have cast an ugly gloo m ove r the 
remainder of this cen tury an d the future of all 
mankind in the 21st Ce ntu ry, But Norman Bor 
laug, instead of me re ly descry ing ou r plight, has 
bought us time to find solu tions. Through sacri
fice and compassion. he has enabled us not mere 
Iy to end ure, but also to prevai l. 
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Ne arly six yea rs ago I a rgue d th at " . . . barrin g a 
major catastro phe . such as a hot shooting wa r or a n ~i n
ten sifica tion and enl ar gem en t of pr esent spo tty drough t 
cond i.tion s, increased agr icultural p roducti vity is going 
to dr ive farm program costs ( under voluntar y co ntro l 
programs ) into dir ect coll ision with the bud get limita 
tio n objecti ves of the u rban vote r within the-n ext 3 to 
10 years . A cris is in com mercia l farm policy is in the 
ma kin g." 

M~ ch ha s happened since then. Ind ia suffe red 
through th e worst dr ou gh t in thi s century. the United 
Stat es mi litary advi so ry rol e in Vietnam esca la ted into a 
full- sca le war, and we now recognize that our cities a re 
confronted with a tida l wave of pr obl em s that may en
gulf a nd dest roy them . 

Th e Indian d roua ht urea tlv increased the dem and 
for American grai n products and lessened our farm sur
plus co nd it ion from 196 5 throu gh 1967 . T he Viet nam 
War a nd the cr isis in our cities ha ve burden ed the finan
cial resou rces of our gove rn me nt and exerted str onger 
pressure to cut the farm pr ogram budget. Con sequ ent ly, 
the colli sion that was delayed a few yea rs see ms to he 
a pproaching the cru nch stage . But other forces, too , 
have been a t work durin g the past 5 years . so me old, 
so me new . which have a bea ring on Am eri can far m 
policy. 

DWINDLING FARM POPULATION 
As most of us kn ow, the fa rm populat ion of the 

United Sta tes has declined steadily for two decades, 
reaching a low of 10 million in 1965 . slightly less than 
five pe rce nt of the nat ion 's to tal pop ulation . Using a 
diff e rent yardst ick, the to tal nu mber of farms in the 
U.S. decli ned to just ove r 3 mi llio n in 1968, a nd co m
mcrcia l far ms. those grossing ove r S10,000 per yea r 
(wh ich incid entally. produce 85 perce nt of the produ ct 
sold). dec lined to app rox ima tely 1 mill ion . There is no 
ind icati o n that this dwindl ing pr ocess is co ming to an 
end : T he an nual rate of outrnigration from farms stoo d 
a t 6 .3 per cent dur ing the per iod 1965-68-the highest 
rat e in U.S. histor y. 

With these dwindl ing numbers, of cou rse, has come 
d iminished political powe r. T he te rm "fa rm bloc" has 
bee n fo rgo tten. Neith er candidat e in the 1968 pres iden
tial e lectio n gave a major fa rm speec h. Farm people and 
rura l areas still mainta in a res pec ta ble degree of power 
in the Senate, but the political strengt h of farm peopl e 
in the House of Representat ives has declin ed to an ex 
tremely low level. In 19 69. fo r example, Con gression al 
d istricts claiming 25 percent or mor e fa rm populati on 
stood a t o nly 3 1: the East co ntai ned none, the West I , 
the Sou th 14 , and the Midwest 16. And thi s handful of 
farm Congres sme n (b y th is generous definition ) a re 
co ncen tra ted in two tiny, embattled enclaves : the Co m
mittee o n Ag ricultu re a nd the Subcommittee on Ag ri
cultural Approp ria tion s, 

T he 19 70 Ce nsus will have two furthe r adverse ef
fects o n the polit ical powe r o f farm people in the Con
grcss . Fi rst. a good numbe r of Senato rs, who previou sly 
thou ght of the mselves as com ing from a fa rm state, wi ll 
rea sse ss their poli tical sta nce and recognize that they 

This a rtic le w as ada p ted from all ad<!r('!\'i I!;i n 'n nt tlu- uunuul nll' (' t i ll ~ of 
tlu ' Anu -ricun ;\ uri cnl turul E conunu v "\ SSO(:i, l t ion , l ' n in 'rsity of ~ I ixxm ui , 
AIl .l.!:II ..t I I , 1070 . 



really represent an urban state with an economy that is It would be foolish to pr edict an end to the tech
predominantly conc erned with producing and distribut nological revolution on American farms , especially 
ing industrial goods and services. Second , it will reduce when the potential to increase productive efficiency 
further, through the proc ess of redistricting, the hand seems so great in the livestock area. But if the situation 
ful of House members who represent the farm er. Th e of the past 7 years continues, then some important new 
House of Representat ives, which is now overwhelmingly implications follow for farm policy. With declining farm 
urb an in its outl ook , will be even more so by 1972. In product prices, we would expect the total inpu t of pro
this situat ion, farm people are going to find it exceed ductive resources in farming to decline and the total 
ingly difficult to pass legislat ion designed to protect output to be reduced. In this situation farmers and their 
their economic interests, or needs, at the expense of the policy leaders are freed of the curse of a perfectly in
urb an taxpayer. elastic aggregate response curve, and might logically ex

pect some corrective act ion to a general surplus condi
tion from falling farm prices; namely, a contr action in 

INCREASED AGRICULTURAL PRODUCTIVITY aggregate output. It is just possible that price level 
changes in the futur e might begin to affect aggregate 

Overall productivity of the Am erica n farm plant output in agriculture. 
has not lagged during the past decade. Total farm out
put increased percentage-wise almost as much in the WORLD GRAIN DEVELOPMENTS
1960's as it did in the 50's, and slightly less than two 
percent per year in the 1960's. But something new and A revolution in grain production has been taking 
different has occurred in the 1960's. Th e USDA index place in recent years in hot regions of the world stretch
of produ ction efficiency- output per uni t of inpu t ing from Morocco to the Philippines. To date the most 
stopp ed rising about 1962 and has held essentially con spectacular developm ents have occurred in wheat, but 
stant since then. Total farm output cont inued its in noteworthy gains have been made in rice production 
crease dur ing the 1960's by the increased application and progress is being made in other grains and legumes. 
of nonfarm inputs, not by technological advances in This revolution-the "Green Revolution"-has lifted 
farming. Fo r instance, all farm ers in the U.S. increased the spectre of starvation from these countries and re
their use of fertilizer by 100 percent during the decade placed it with expectations of improved food consump
of the 1960's. tion levels. 

The U.S., Canada, Australia, and European nations have been quietly-almost secretly-increasing their output of wheat during the last half of the 1960's. 
By the middle 1970's, these surplus stores could have a dramatic, depressing effect on world grain prices. Carryover of wheat in Canada, alone, ap
proximated 950 million bushels in July 1970, which is equivalent to 2 years disappearance. Pockets of wheat surpluses in less developed nations 
are also expected to develop and these will further weaken world market prices. 
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But like all revolutions, this one has also left trouble 
and dislocat ions in its wake-political unrest and eco
nomic dislocatio ns. The political trouble to date has 
mostly resulted from an unequal distribution of the 
benefits of the production revolution : Large farmers are 
the great income gainers while small farmers and land
less laborers are largely bypassed. Economic disloca
tions are occurring as pockets of low-quality grains 
build up to surplus levels in localized producing areas . 
Because of inadequate storage and marketing facilities, 
grains cannot be held and must be squandered at home 
or be poured onto the world market as distressed grain . 
In th is situation, production gains mad e by developing 
countries will be lost in the form of low domestic and 
export prices, and the world market will be da maged for 
othe r export nat ions. 

But before we exp lore further wha t is occurring or 
could occur in the developing world, let's look at what 
has hap pened in the deve loped world. While the eyes 
of the world have been on the Green Revolution in de
veloping countries, grain pro duction durin g the period 
1964-68 in the developed countries-principally Aus 
tralia, Canada, the European Community, and the U.S. 
- has quietly, almost secretly increased by 123 million 
tons, or 25 percent. In the words of USDA economist 
Lyle Schertz " . . . while the deve loped countries in
creased cereal output by 123 million tons, the develop
ing countries, with twice as many inhabitants, increased 
cereal production only 52 million tons ." Increases in the 
developed count ries included such spectacular chan ges 
as a 75 percent climb in Austra lian wheat production 
from the 1960-64 average to 1968 , while U.S. rice pro
duction duri ng the same period rose nearly 70 percent. 

What we have had in the second half of the 1960's, 
then , is a great increase in world grain production, more 
tha n two-thirds of which was provid ed by deve loped na
tions. The result has been rising wheat stocks , and de
clining wheat and rice prices . Carryover of wheat in 
Canada, alone, app roximated 950 million bushels in 
July of this year, equivalent to nearly 2 years disappear
ance. 

World grain productio n will certainly cont inue to in
crease durin g th is decade. Tha t increase will be shared 
in some unk nown pro portions between the developed 
and develop ing worlds, but the sharing roles may well 
be the reverse of the decade of the 1960's. Given th is 
situation, we can expec t (1) average diets in the devel
oping count ries to improve slowly, (2) the U.S. to lose 
much of its Public Law 480 market (Food for Peace 
exports) and the remainder to become increasingly un
stable, (3) pockets of surpl uses to accumulate intermit
tently in developing countries and to come gushing onto 
the world mark et as distressed gra in, (4) wheat, rice, 
and possibly other grain stocks to increase further, (5) 
world gra in pr ices to continue to sag, and (6) world 
grain prices to beh ave chaotically as distressed grain 
supplies from developing count ries come onto the world 
market, and as the developed countries succumb to the 
tempt ation to employ export subsidies and dump sur
plus stocks on a thin international market. For West
erners , it is not a pretty picture to contemplate. But in 
large measure we created this picture so we cannot com
plain too bitterl y when developing count ries add the 
finishing touches in the 1970's. 
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URBAN DEMANDS ON THE FEDERAL BUDGET 

Our cities are falling apa rt : we can't dispose of hu
man wastes in a satisfact ory manner ; we can 't dispose 
of our garbage; we can' t elimin ate the smoke and the 
smog; and we can 't control cr ime and violence. We need 
new and improved educ ational service s, airport services, 
police services , rapid transit services, park and recrea
tion services , and all kinds of housin g; and most of all 
we need to discipline ourselves. As urban dwellers we 
have squandered our rising incomes on automobiles , 
du rab les, roads, and single un it houses. And in the 
meantime, we have let the service systems that hold 
cities together go begging. We have not been willing to 
pay the price to bu ild and maintain the service systems 
- police, welfare, education al, sewage, public transpor
tation- required by a comp lex, opule nt mode rn urban 
society; we have , in effect , been living beyond our 
mea ns. Hence, our cities are in disarray and disrepair. 

Now we must dig down into our collective pockets 
and find the money to repa ir and build the urban serv ice 
systems so long neglected. And only the federa l govern
ment has the power and prestige to raise funds required 
to rebuild and repai r our cities. This , in turn, means 
higher taxes for everyone (for many a reduced level 
of "gadget living"), and a new set of prio rities in the use 
of existing federal revenues . In this regard I'm not sug
gesting that the Pres ident and Congress look first at 
USDA: My first candidate for budget scrut iny would 
be the Defense Departm ent. But I am also certain that 
any serious effort to re-establish national priorities and 
redirect patt erns of federal spending in line with the 
priorities of an increasingly urban society , throu gh the 
instrument of an urb an Congress, will have some nega
tive effects on farm policy goals and federal spending in 
agriculture. The present crisis of American cities is go
ing to result in some cuts in federal agricultural ex
penditures . 

POLLUTION AND ENVIRONMENTAL CONTROL 

Ma ny issues that might be discussed in this section 
are closely related to, or are, indeed, a part of the plight 
of cities. But I will concern myself only with the pollut
ing effects of some input s employed in agricultura l pro
duct ion. What, for example, are the polluting effects of 
the hard chemicals commonly used in fertilizers and 
pesticides? As I understand it, some experts believe tha t 
the chemical nutrients from comm ercial fertilizers found 
in runoff from farm lands are serious ly polluting our 
ponds , lakes , and rivers. It is further held that many 
pesticides are injurious to various species of wildlife, 
and that some pesticides are harmful to man himself. 

I am not sure how far this line of argument will car 
ry into the next decade, but I do know tha t it has now 
passed out of the exclusive hands of the naturalists and 
bird-watchers and into , first, the research and debates 
of recognized scientists and, second, into the difficult 
realm of public control and political action . 

If we learn during the next decade that some chemi
cals regularly used in fertilizers and pesticides consti 
tute a serious threat to man and his environment, and 
society takes action to rest rict or eliminate their use, it 
would have important implica tions for agriculture and 



Legislative bans on the use of certain agricultural chemicals might raise food prices, especially if the substitute chemicals are more expensive or 
the ban reduces the output of producers. Environmentally safe chemicals might also offer less protection from pests and weeds, thus reducing both 
the quantity and quality of our food supply. 

food production. Restricting or banning low-priced fer substitution, falling grain prices will generally lower all 
tilizers and pesticides would dampen food production farm prices in the early 1970's, resulting in an increased 
and raise food prices as either (1) output-increasing in accumulation of commodity stocks and higher program 
puts were banned from use or (2) more expensive, but costs . Confronted with these developments, farmer will 
environmentally safe, substitute inputs were devel oped. lack the political power to strengthen their programs, 
Eith er way, the goal of a safe, clean environment would increase program costs, and maintain farm incomes. In 
increase the cost of producing food, reduce food sup fact, mounting pressure in urban areas to cope with 
plies, and increase food prices. their own problems could contribute to a weakening of 

I am too much of a layman in this area to have commodity programs in agriculture at the very time 
strong opinions regarding desirable courses of action, when farm prices and incom es are falling. 
but I do know that the environmentalists have won an I am not predicting the complete dismantling of 
increasing number of battles. My intuition tells me they farm programs of price and income support during the 
are going to win a lot more during the next decade. If early 1970's, but it does seem realistic to expect the 
this is the case, we may be entering a new era in agri financial support of farm commodity programs to be 
culture: A period which continues to rely heavily on reduced , perhaps only a little , perhaps a great deal , in 
science and technology, but one in which the adverse the first half of the 1970's. And this could have dis
consequences of the new technologies to man and his astrous price and income consequences for commercial 
environment are neutralized . In this kind of situation I farmers in the United States, as they and other farmers 
would expect futu re technological adv ances in agricul around the world struggle against a growing grain sur
ture to come more slowly and at a greater cost to so plus . 
ciety, and to result in a slower rate of agricultural out
put expan sion and possibly a slowly rising level of food 
prices. FUTURE FARM POLICY 

A discussion of what features ought to be part ofOUTLOOK FOR THE 1970'S 
American farm policy in the 1970's can conveniently be 

Given all these forces at work, it seems clear that broken into two parts: What ought to be in terms of the 
world grain prices will exert a strong downward pres immediate future of 1970-71, and what ought to be in 
sure on U.S. grain pric es. And through the process of terms of the middle run of 1971-80. 
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The Agricultural Act of 1965 serves as a good point 
of departure for discussing policy changes in the future 
because in the main it has been a good program. It has 
provided price and income stability and support without 
forcing any farmer to accept compulsory supply man
agement; it has provided supplementary income to a 
large number of small to medium-sized farmers who 
participated in the voluntary programs; it has moved 
commodity price support levels close to world market 
price levels and thus facilitated American farm exports 
without the use of subsidy; and it has assured American 
consumers an adequate food supply, including food re
serves, at rea sonable prices . 

The program, however, has two major inadequacies: 
(1) its high cost s-gross federal expenditures for com
modity programs together with related price, income, 
and disp osal pro grams approximated $6 .2 billion in fis
cal 1969-and (2) its unfair treatment of many per
sons involved in farm production. For example, large 
cott on and wheat producers received large income sup
plements under the program, while hired farm workers 
in all commodity lines were forgotten. If the se two in
adequacies could be eliminated, or minimized, then a 
good piece of farm legislation could be converted into 
an exceIlent one . 

The Agricultural Act of 1965 also serves as a good 
starting point for practical reasons . First, although I am 
convinced that a farm program budget crunch is com
ing, it stiIl has not arrived. There is time in 1970-7 1 to 
work with the Act of 1965 and try to moderate its more 
objectionable features. Second, the downward slide of 
world grain prices has already started, and there is need 
to (a ) provide price and income support for American 
grain producers and (b) continue to hold idle the ap
pro ximate 60 million acres now under government pro
grams . 

COMMODITY PAYMENT CEILINGS 

In my view, the place to begin with the inequity 
problem, as well as the cost problem, under the Act of 
1965, is with the size of payments made to producers 
of cotton, wheat, and feed grains . But before recom
mending a ceiling for commodity payments, we should 
be aware of two important characteristics of tho se pay
ments . First, in 1968 less than five percent of all pay
ments received by participants were more than $5 ,000, 
and less than two percent were more than $ 10,000. 
Second, payments were made for essentiaIly two pur
poses: to cont rol production and to supplement in
comes, though these distinct purposes are not overtly 
recognized in the legislation. Agriculture Secretary Har
din has estimated that in the case of feed grains almost 
90 percent of the payments was made to control pro
duc tion , whereas in wheat only 50 percent was made 
for this purpose and in cotton only 35 percent was made 
for this purpose. Thus, it should be possible to remove 
the inequitous situation at the upper end of the income 
scale in cotton, wheat, and feed grains and reduce pro
gram costs, at least modestly, by placing a ceiling on 
payments to farm ers in these commodities without seri
ously damaging the supply management aspects of the 
programs. 
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In this matter I shaIl foIlow the lead of former Un
der secretary of Agriculture John Schnittker and recom
mend a ceiling of $10 ,000 per farm per commodity 
program. T his means, according to Walte r Wilcox, an 
agricultural specialist in the Library of Cong ress, that 
in 1968 some 15,097 cotton producers, 5,428 feed 
grain producers, and 4,861 wheat producers would hav e 
been affected by the $10,000 ceiling . 

These 25 ,386 producers received payments totaling 
$515 miIlion in 1968 . But placing a ceiling of $10,000 
on the payments receiv ed per farm per program does 
not mean that the savings to the government would be 
$515 million . In the first place, we would expect and 
want a high proportion of the larger producers to re
main in commodity programs up to the ceiling payment 
limits to help achieve the supply management objectives 
of the programs . To this end, I recommend the further 
program provision that each producer, who now re
ceives a payment over $10 ,000 for removing from pro
duction a specific acreage allotment based on his total 
acreage, be required to remove from production that 
same acreage allotment for a total payment limited to 
$10 ,000. Thi s means, of course, that payment rates for 
removing an acre from production would , in effect, be 
reduced to large producers. The larger the producer, the 
smaller his payment rate would be for removing an acre 
from production . As a result of this provision, very few 
feed grain producers now receiving payments in excess 
of $ 10,000 would remain in the acreage removal pro
gram at the reduced payment rates. This follows fro m 
the fact that payment rates in feed grains are set at 
levels just high enough to induce producers to remove 
acres from production. However, payment rates for cot
ton and wheat far exceed rate s required to indu ce pro
ducers to take acres out of production . 

To maintain the same level of acreage control in 
feed grains, and possibly wheat, it would be necessary 
then to remove from production some additional acres 
on participating farms that faIl below the $10.000 ceil
ing and /or to draw some currently nonparticipating 
farmers into the program to offset the acres lost by im
posing a payment ceiling . Taking these various provi
sions into account, it seems unlikely that program sav
ings to the government would exceed $250 miIlion. And 
it is more probable that they would not exceed $200 
million . 

PROTECTION OF HIRED FARM WORKERS 

The Agricultural Act of 1965 is silent on the ques
tion of protection for hired farm workers , as are all pre
vious pieces of farm legislation dealing with protection 
for American farmers and farm people. Thus, I argue 
her e, as President Johnson's Food and Fiber Commis
sion argued , that "Rural workers should have protec
tion equal to that of urban workers in such important 
areas as workman's and unemployment comp ensation, 
Social Security, coIlective bargaining and minimum 
wages." I would recommend that the Agricultural Act 
of 1965 be amended to include, or a companion piece 
of legislation be enacted to include, the following man
datory provisions: (1) that farm workers not be denied 
by federal or state exemptions the benefits of policies 
and standards that arc deemed to be in the interests of 



other wage earners; (2) that farm workers be included 
under the provisions of the National Labor Relations 
Act to the extent feasible and wherever necessary to 
achieve equivalence or personal and social protection 
for those workers; and (3 ) that farm workers be cov
ered under minimum wage legislation. 

To contribute to the passage of legislation that 
would provide this kind of protection to hired farm 
workers, organized labor should make its support of 
farm legislation involving price and income support to 
producers conditional on the inclusion of the provisions 
listed above. Urban and labor representatives in the 
Congress now have the political power to include these 
farm worker provisions in farm legislation; if they are 
not includ ed in a year or two we will all know that labor 
leaders and urban leaders have no more concern for the 
downtrodden in agriculture than did old style farm 
leaders. 

PRICE STABILIZATION 

Since it seems likely that other farm product prices 
(e .g., oilseeds , beans, and peas, livestock, and livestock 
products) would fall along with domestic grain prices as 
world grain prices decline, and since we should have 
learne d by now that isolated attempts by farmers to 
maintain prices through withholding actions are ineffec
tive, it would seem wise to consider other means to as
sist farmers in stabilizing product prices on the domestic 
scene. In this connection, I recommend that Marketing 
Orders be re-examined by USDA and promoted with 
producer groups whose products are destined primarily 
for the domestic market (e. g., eggs, pork, potatoes) . 1 
am not suggesting that the public interest be ignored in 
the effort to assist producer groups develop Marketing 
Orders that will regulate the flow of products to market 
and stabilize prices . But I am suggesting that USDA 
seek more legislation with respect to Marketing Orders 
and then assist producer groups to develop Orders and 
place them in operation where the majority of producers 
wants such programs. 

Marketing Orders have definite limitations. They 
cannot control production over long periods of time. 
But they can regulate the flow of products to market 
during a particular production period, and thereby help 
regulari ze market operation and stabilize prices. Wisely 
used, Marketing Orders can assist farmers to market 
their products and bargain for price and handling ad
vantages. 

These are the principal program modifications, or 
provisions, in the Agricultural Act of 1965 that I would 
pres s strongly for at the present time. But other modifi
cations to the Act of 1965 would be desirable. One such 
change would involve eliminating the backdoor program 
- financing through the Commodity Credit Corpora
tion; each commodity program should be requ ired to 
operate within a fixed appropriation; such a chan ge 
would force USDA to make more reliable estimates of 
program costs and give the President more control over 
fiscal operations of the federal government. Another 
chan ge, expansion of the Long-Range Land Retirement 
program, would contribute to overall supply mana ge
ment , to improved land use, and , if properly designed, 
to establishment of parks, wildlife sanctuaries, and open 

space needs of various kinds . 
Finally, let me say that I have assumed the continu

ance of Public Law 480 operations, even though I ex
pect it to decline steadily throughout the 1970's as a 
result of the grain production development in the less 
developed countries. The continued loss of this foreign 
surplus disposal "market" is probably the principal way 
that the projected world grain surplus will be converted 
into growing U.S. grain stocks and increased downward 
pressure on domestic grain prices . But so long as U.S. 
surplus grain-producing capacity can be used effectively 
to provide food supplies to deficit areas through Public 
Law 480-that mechanism should be maintained to 
help both our nation and food-deficit countries. 

THE MIDDLE 1970'S 

I am not convinced, however, that the conditions 
which made possible the kind of farm program I've de
scribed can be maintained through the middle 1970's. 
I expect, first, that grain production in both developed 
and developing countries will continue to increase rela
tive to population growth, and that the Public Law 480 
program will wither away as the drive to expand com
mercial export sales on the part of both developed and 
less developed countries becomes more intense . In this 
situation how will the U.S.'s excess production capacity, 
now centered to an important degree in wheat, be han
dled? I cann ot say exactly, but before it is handled satis
factorily , I am certain that it will transform itself into 
drastically lower wheat prices and /or surplus stocks, 
lower feed grain prices and /or surplus stocks, and lower 
livestock and livestock product prices . 

I expect, second, that the pres sure to "do some
thing ': about the problems of the cities will intensify 
during the early and middle 1970's. An urban-dominat
ed Congress and urban-elected President are going to 
turn every existing civilian program upside down, and 
possibly even the defense budget, to shake out spare 
dollars to support new programs to build and rebuild 
urban service systems , before they resort to increasing 
taxes further. The Pre sident and Congress will probably 
end up both shaving money off old progams and in
creasing taxes to meet this crisis. And in the process , I 
feel certain that financial support for farm programs 
will be pruned severely. 

FUTURE COURSES OF ACTION 

Given the requirement that farm program costs 
must be cut significantly, one way to proceed might be 
as follows : The decision could be made to (I) place a 
ceiling on payments per farm per program at 55 ,000, 
and to (2 ) redu ce payment rates to cotton and wheat 
producers (I would suggest that the mark et cer tificate 
value of a bushel of wheat be reduced by one-third , and 
that the price support payment rate on a pound of cot
ton be reduced by one-half), and to (3) lower levels of 
price support by 10 to 20 percent, depending upon the 
state of the international commodity markets for cotton, 
wheat, and feed grains. 

Such actions would have a number of sought-afte r 
effects. Limiting payments per farm per program would 
have no effect on over 95 percent of all participants. 
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Taking acco unt of the $5,000 payment ceiling on all 
three commodities and of the reduced payment rates for 
wheat and cotton, on one hand, and the additional 
acreages that would need to be signed up to achieve the 
same total level of production control, on the other, 
budget savings to the federal government could run to 
$ 1 billion or more. There should be no trouble in re
moving the additional acreage from production at lower 
price support levels. And we would not expect cotton 
production to increase as the result of released acres 
unde r the $5,000 payment ceiling, since cotton pay
ments are made primarily to supplement incomes rather 
than to control production. 

These actions, of course, present a major disadvan
tage to commercial farmers: They would cut gross farm 
income drastically. This red uctio n could run as high as 
$5 bill ion annually, depending on the exte nt of the de
cline in price support levels. Such a decline in tota l 
gross receipts is not something tha t farmers or their 
leaders would care to th ink abo ut. A nd it is not sug
gested here as something desirable; it is suggested on ly 
as one possible way to live with a White House request 
for a significant cut in the agricultural budget as world 
grain prices continue to deteriorate. 

This might or might not be the end of the story . If 
the reduced levels of price support in the U.S. were at 
or near world levels, then cotton, wheat, and field grains 
could compete effectively for export markets without 
subsidy. And farm program costs wou ld not start rising 
again either in the form of an export subsidy or storage 
costs . But if suggested reductions in price support levels 
for cotton, wheat, and feed grains were not sufficient to 
permit domestic prices of those commodities to decline 
to world levels, then program costs would begin to rise 
again and offset , or possibly wipe out , the reductions in 
program costs I've discussed. 

Given this kind of a world grain situation, or even 
prior to it, the U.S. might join other develo ped grain
exporting nations in {in attempt to red uce the total flow 
of grains onto the world market. Rarely have such in
ternational commodity arr angements met with success. 
But in the despe rate situation posed here atte mpts in 
this direc tion wou ld certainly be tried. And it is always 
possible that an agreement could be worked out among 
the deve loped grain exporters that would meet with 
some success. 

If, despite realistic internal farm program actio ns 
and external commodity arrangeme nts, this situation 
cont inues to be one in which world grai n and related 
commodity prices are well below domestic price support 
levels, and the domestic pressure on the farm budget 
continues, then farm policy leadership in the United 
State s may be forced to give up its historic policy of 
supporting farm prices through production control or 
supply management, and seek to maximize the export 
of farm commodities in a completely uncontrolled world 
market. This would become necessary, first , because na
tional budget pol icy would not provide sufficient funds 
to meet the storage and commodity program costs under 
voluntary programs that would result from the agricul
tural situation postul ated here ; and , second, because the 
Unite d States would find itself in the imposs ible position 
of trying to supp ort world farm commodity prices by 
controlling or reducing production within its borders 

10 MINNESOTA SCIENCE 

During the middle 1970's an urban-dominated Congress and urban
elected President may severely prune financial support for farm pro
grams. This could mean a 10 to 20 percent cut in price supports for 
several commodities and a $5,000 ceiling per farm per program under 
acreage diversion. However, limiti ng payments per farm per programwould 
not affect over 95 percent of the programs' present participants. 

alone. In such a policy situation, the United States 
would be forced into a position of further curtailing 
production at home and experiencing a reduction in 
farm commodity exports, even as competing nations 
were increasing production and exports. 

Given such a development it might be wise for the 
United States to take the following policy actions . First, 
eliminate all price support operations and voluntary 
production control programs, and let domestic commod
ity prices move to world levels. Second, pursue vigor



ous, but nonsubsidized export policie s, and seek to max
imize the volume of farm commodity exports from the 
United States. Third, use commodity program funds 
available to dom estic agriculture from the federal gov
ernment to make parity wage payments. However , 
they should be made, insofar as funds permit, to com
mercial farm producers to bring the annual wage of 
each commercial farm producer up to the average in
come level of managers of small busin esses (e.g., a 
plumbing ,establi shment, or farm machin ery outlet). 
Fourth, wait for high input price s in conj unction with 
low farm commodity pr ices around the world to slow 
down the rat e of aggregate output expansion, or pos
sibly contract it, and thereby caus e the general level 
of grain prices, and commodity substitutes, to start 
moving upward once again. 

Since I am not omni scient , I cannot att ach specific 
year s to the story of grain surplus conditions and farm 
budget stringency that has unfolded here . But in general 
terms I have been talking about a process that might 
involve 5 to 10 years. I would be surprised if the proc
ess described here extended beyond a 10-year period. 
I say this not because I th ink the squeeze on the farm 
bud get from the urban sector will suddenly disappear. 
It won't ; it will be with us for a long time to come . The 
stagnancy of farm production efficiency along with the 
conseq uences of environmental control will finally turn 
the trick. If the rate of farm techn ological advance in 
the developed countries remains slow either because 
easy technological developments have been creamed off 
or effor ts to protect and improve man 's environment 
force farm producers to employ more costl y production 
methods, then increased food production in the aggre
gate must be achieved primaril y through the empl oy
ment of more nonfarm produced input s, and more cost
ly inputs. Given this situation, low farm product prices 
should bring about a reasonably quick adjustment, 
namely a reduc ed rate of increase in food production. 

CONCLUSION 
I can already hear some of you saying, "What a 

fairy tale! " Perhaps it is a fairy tale. But let me make 
these additional comments. The farm policy conclusions 
and recommendations in the latter part of this article 
stem in large measure from the nature of the forces de
scribed in the early part of this article , and from the 
assumption that those forces will continue into the 
1970's. 

Of course, any one of the forces described could, 
and probably will, develop in some way different than 
I' ve suggested , becoming more or less intense or more 
or less applicable . For example, the tend ency of farm 
production efficiency in the aggregate to hold constant 
could very well change in the 1970 's. Perhaps a whole 
new compl ex of improved technologies is just around 
the corn er. Th en the index of production efficiency will 
shoot upw ard again in the 1970's. But, if such a devel
opment actually occurs, "Cochrane's fairy tale" could 
be transform ed into a nightmare for American farmers . 
Or maybe the farm budget crunch will never really take 
place; one of my most respected economist friends tells 
me that it won 't. In this event , the policy story devel
oped in this article is far too pessimistic. Time alone will 
tell us how far I' ve gone astr ay. 

Northern Communities 
Harvest 
Forestry's Dividends 

JAY M. HUGHES 
professor 
School of Forestry and 
Department of Agricultural and Applied Economics 

Minnesota's north country is rich in lore , lakes, and 
solitude for the itinerant vacationer. As he travels 
through northern Minnesota, his perception of the eco
nomic base of man y towns and the surrounding country
side will be highly colored by forests and forestry-re
lated activities. He may ask himself, "What make s these 
places tick economically and how important is forestry 
to the m?" 

Until recently, economists had only general impres
sions of the importance of forestry and related activities 
in northern Minnesota. We knew, for example, that 
one-third of Minnesota's land area can be classified as 
"commercial" forest land and that over 82 percent of 
this commercial forest land is concentrated in the north 
central and northeastern parts of the state . We also 
knew that most wood products processing plants are 
concentrated in the same area, and while they contri
buted to the overall well-being of the state , their pri
mary importance to northern Minnesota communities 
was as a source of jobs and income. We also recognized 
in recent years that many of these communities lagged 
behind the rest of the state in employment and income 
sharing. Coupled with this was increasing evidence that 
northern Minnesota forests could support substantially 
greater timber harvests than tho se being taken from 
them. The question thus arose : What would the impact 
be on these communities if greater use were made of 
their forest resources? 
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Itasca County-Minnesota's most forested county-draws a rich dividend from timber production and forest
related industries. One dollar from timber stumpage sales actually results in the respending of $3.45 within 
the county. As a comparison, grocery stores return $1.33; service stations, $2.44; and construction firms, 
$3.15. 

INPUT-OUTP UT ANALYSIS 

In 1967 an inpu t-ou tput ana lysis of Itasca County 
was lau nched as a pilot study to measure the economic 
impac t of forestry-relat ed activities on a rural northern 
Minnesota area *. Input-output ana lysis shows how one 
kind of bu siness or sector of a local eco nomy inter acts 
with o the r businesses or sectors of the local economy 
and also outs ide the local eco nomy. For exa mple, the 
vacatione r referred to ea rlier may have stopped ove r
night in It asca Co unty. O ur input-output fra mewo rk for 
It asca Co unty would tell us that if he paid $ 15 for a 
motel roo m. the motel ope ra tor in turn would have re
spent about 85 percent of the $ I 5 inside Itasca County 
in such bu sinesses or sec tors as "Ho use holds" , for wag
es and salaries ; "County Govern me nt" , as locally co l
lected prop erty and business taxes ; "Finance and In sur
ance" , for de bt paym ent and insur an ce; "Ser vices" , for 
laundr y and othe r ski lled trades and services; and "Util
ities" , for gas and electricity. T he rem aining 15 percen t 
of the $ I 5 roo m charge was spent outs ide the county by 
the mo tel ope ra to r for pe rha ps add itiona l financing 
charges and wholesale items used in doin g bus iness . A 
similar round of respendin g, within and outside the 
county, occ urs for eve ry business o r sector that received 
pay ments fro m the motel operator. Th e tot al sales or 
business imp act on the local eco no my that result s fro m 
the $ I 5 expenditure for a night 's lod ging is measur ed by 
the sum of all the rounds of local respending of thi s 
money. Eve ntua lly, in a sense, and in an eco nomy like 
It asca Co unty tha t tr ades with areas outside the county, 
all of the origina l expenditur e is taken out of local cir
culation eithe r by spending it ou tside the county or by 
"hoa rd ing" it, perh ap s in a mattr ess or a coo kie jar. 
Th e total impact of a $15 expenditure for a night 's lodg
ing in an It asca County mot el would be about $48 on 
the ave rage . This mean s that mot el "sa les" in It asca 
Cou nty has a sales multiplier of abo ut 3. 18 : i.e., 
for every $1 of "sales" by motels, about $3 .18 of tot al 
bus iness activity, on an annua l ave rage , occurs . Thi s in
cludes the $ I of dir ect initi al sales plus $2 .18 of add i
tional or ind irect sa les by othe r local bu sinesses and , 
in this study, hou sehold s. 

IMPACT OF FORESTRY 
As Minnesota's third la rgest county, Itasca County 

lays claim to a varie ty of resource-b ased act ivities in 
add ition to forest ry. Furthermor e, its location with re
spec t to market areas and resource ac tivity areas has 
fostered de velopment of a wide range of eco nomic ac
tivities. More over , several wood products firms utili ze 
Itasca Co unty 's forests and thi s mak es more significa nt 
the fact that it is Minnesot a's most forested county-

o Hughes,� Jay ~ f. 1970 . Fore st nj in It asca COImtlj's Ecollomy. Minnesota 
Agr iclllt u ra l E xperim en t St ati on, Miscellaneo us Repo rt 9.5. 
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over 83 percent of its land area is occupied by commer
cial forests. 

Although slight in som e cases, forest ry interacts 
with all sectors of Itasca County's economy. Because 
many forestry-related activities such as timber growing 
and sawmilling are characterized by a high ratio of 
local-to-outside respending of receipts, the total local 
impact multipliers tend to be relatively high: i.e., 
with the exception of pulp and paper manufacture , most 
forestry-related businesses respend most of their re
ceipts back in their local area for such items as labor 
and timber. For example, the highest local multiplier 
for Itasca County was 3.45--:-the "Timber Production" 
sector. This multiplier is based upon the sale of timber 
stumpage and local respending of receipts to make tim
ber stumpage sales possible . In 1966 about 90 percent 
of timber stumpage sale receipts was respent in Itasca 
County . Thus, in the base year of 1966, there were 
$680,000 of timber stumpage sales in Itasca County, 
which had a total impact on the county amounting to 
about $2,346 ,000 . 

Other forestry-related impact multipliers in Itasc a 
County were: sawmilling, 3.11; timber harvesting, 3.00; 
and pulp and paper manufacture, about 1.80. Th ese 
comp are with local impact multipliers from other sec
tors such as construction and contracting, 3.15; gasoline 
and service stations, 2.44 ; and grocery , drug and sundry 
sales, 1.33. In all, 35 local impact multipliers for 35 
separate sectors were developed for measuring the rela
tive impact of expansion and contraction, sector by sec
tor , of Itasca County's economy. 

GUIDES FOR ECONOMIC DEVELOPMENT 

Input-output anal yses simila r to that carried out in 
Itasca County are now underway in Roseau, Lake of the 
Woods, Koochiching, St. Louis, Lake, and Cook Coun
ties. More studies are likely in the future. All of these 
will provide additional guides for assessing the effects of 
many kinds of developm ent opportunities in northern 
Minnesota, forestr y and non-forestry opportunities 
alike. Not only do these analytical frameworks show 
the total amount of impact on a local econmy of some 
change, they also show which specific sectors (including 
households) gain or lose, and the amount of gain or 
loss, when changes occur. 

While it is clear that certain forestry-related activi
ties such as timber growing and sawmilling will continue 
to have relatively high local impact mult ipliers in nor
thern Minnes ota areas like Itasca County, the multiplier 
alone is not an adequate guide to development. Re
source and mark et conditions, among others , must also 
be considered. How much timber harvest annually in 
economically procurable amounts is the forest resource 
capable of sustaining? Can the products that are made 
from local timber species be sold in profitable amounts 
at profitable prices? Is adequate labor available at rea
sonable rates? Are other factors such as water , power, 
and financing available in necessary amounts at attrac
tive prices? All these questions, and more , must also be 
answered. Neverthel ess, results from our current pro
gram of input-output analyses will certainly provide a 
well-rounded picture of .the relative impacts of alterna
tive kinds of programs for helping northern Minnesota 
capture its share of living quality in a chan ging world. 

MASS MEDIA 
And 
Community Issues 

PHILLIP J. TICHENOR 
professor 
Department of Journalism and Mass Communication 

CLARICE N. OLIEN 
assistant professor 
Department of Sociology 

GEORGE A. DONOHUE 
professor 
Department of Sociology 

Perhaps television didn't cause the pollution crisis, 
but television , newspapers, and other mass media may 
very well help determine whether and how we get out 
of it. The environmental issue and public opinion 
about that issue are both related to the way news 
about the environment reaches people. 

Environmental quality is the most recent public is
sue to be raised to intense proportions through mass 
media; it is neither the first nor the last. But it does il
lustrate one of the more apparent facts of the 20th cen
tury: The media have created new mental images, of 
issues and events, which shape our understanding of 
events in the future . Today, if you were to drive past a 
factory emitting clouds of gray and black smoke, or 
stroll along a river tainted with the pea-soup hue of hu
man and industrial waste, the scene might strike you as 
both old and new in a 'curious way. The factory and 
river are familiar. But now you compare each with 
scenes of environmentalpollution you've seen on recent 
television programs. Your experience is similar to the 
tourist who looks at a beautiful lake set against a back
ground of pine forests and snow-capped mountains and 
says it looks just like a calendar picture-or a beer ad. 

This habit of seeing things through stereotypes 
gained from mass media has often been criticized, but it 
is a universal fact of modern life. A large share of chil
drens' understanding of the world comes to them 
through television, comics, and other picture books. 
Media provide definitions of situations and events that 
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we carry with us to the situations and events themselves. 
When you go to a baseball game for the first time after 
seeing dozen s of games on TV, you may find it hard to 
adjust to the experience of being in the park itself. The 
compressed image from all those televised games sticks 
in your mind ; the distance from pitcher to batter now 
seems oddly long compared with the way it looked on 
the screen. 

MASS MEDIA AND UNDERSTANDING 

A major question for communication research is: 
To what extent can mass media provide the kind of citi
zen understandin g necessary for intelligent public de
cision-ma king? What images or definitions imparted 
by media contribute to the decision process and which 
ones don 't? 

Reporters, editors, broadcasters, and other mass 
media professionals generally agree that one of their 
main purposes is to inform the public on key issues. 
The y may not agree, however, on how the public ought 
to be informed or what about. One view is that mass 
media play up controversy too much . Another is that 
social conflict is what people want to know about, and 
that representative government deals with controversy 
as a matt er of course . 

Occasionally, the public becomes aroused over 
whether a controversy ought to be reported at all. Every 
community with an air or water quality issue today has 
some cit izens who believe the situation gets too much 
attention . On another issue, a majority recently said 
they felt that mass media should refrain from reporting 
alleged massacres in Vietnam. 

Mass media today have the potential for providing 
participation in on-going event s in a way never possible 
before. On-the-scene TV cameras and radio report ers 
can bring Congress, the UN , or a street disturbance into 
our living rooms before the event is over or resolved . 

Report ers, broadcasters, and editors, then , have a 
multipl e problem. To inform the public about issues 
that demand decision s, they must report community 
quarrels and disagreements. But to be socially respon
sible and credible, they must do it in a form that people 
will pay attention to and understand , even thou gh they 
may not agree. It may not be a que stion of what is re
port ed, but how it is repo rted that count s. 

HOW MEDIA INFORM 

One area for needed research, then, is the way mass 
media relay information ab out public issues to audienc
es. From the standpoint of community problems, the 
situation may be chan ging sharply. While newspapers 
and television play different roles, one consequence of 
television may be that it shifts people's attention from 
immedia te, local problems. People in rural areas watch 
television at least as much as city residents do, and 
many depend on television more as a news source. In a 
recent survey, two-thirds of the residents of rur al 
Wright County named television as their principal 
source for news. Th at comp ares with 41 percent in St. 
Cloud. 

Th e general pattern of broadcasting and pro gram 
scheduling is such that specific problem s of individual 
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communities outside metropolitan centers get only scant 
att ention from television. Meanwhile, with mounting 
problems of urb an renewal, economic growth, and en
vironmental quality control, individual communities 
face a wide range of problems that beg for attention and 
inform ation to the citizenry. 

Community newspapers today are faced with in
forming citizens about conflicting alternatives of tough 
social problems that initially may not seem important to 
local citizens. While controversy is not new to the com
munity press, there seems to be a lower limit to the 
amount of conflict that a small community newspaper 
can sustain, compared with larger papers in larger 
towns. The smaller paper has fewer resources and a less 
differenti ated community where intense conflict may be 
extremely disruptive . The alternatives to a problem such 
as air pollution control- such as forcing a factory to 
comply with smoke control standards at the risk of los
ing jobs-bear the potential of bitter conflict. Pr essures 
may be brought to bear on a community newspaper to 
take one side of such a conflict or to ignore it altogether . 

INFORMAnON ON LOCAL ISSUES 

Nevertheless, there are many potential ways to step 
up the distribution of information at the community 
level about crucial local issues, and these procedures re
quire exte nsive, systematic research . One need is to re
sea rch the sheer problem of making inform ation avail
able to community media-newspapers and radio sta
tions-which are extr emely limited in staff and other 
information-gathering resources. Both public agencies 
and private firms may be able to provide information in 
special ways. Thi s is not a new concept and , historically, 
media professionals have been wary of it. Both public 
agencies and private firms naturally try to present them
selves in a favorable light and today a given community 
very easily may have three or four public relations pro
fessionals on government or industry payrolls for every 
person hired by local newspapers or stat ions. 

One trend worth careful study is the use of specialist 
writers and columni sts who present widely varying 
viewpoints . In this fashion , the newspaper (or other me
dium) may pro vide a continual forum of diverse views 
on crucial local issues. 

New form s of mass communication organization 
need to be studied. Var ious community newspapers are 
undergoing mergers or working out arra ngements for 
centralized public ation . Consequences of these arrange
ments for audience identification with the media and 
communities should be explored. In some areas, for 
exa mple, the regional newspap er may have some poten
tial for giving increased attention to community prob
lems. 

PUBLIC UNDERSTANDING 

Since publi c issues involve controversy by defini
tion , mass communication research must deal with the 
way peopl e understand these controversies. Every per
iod of social progress is preceded by a period of social 
stra ins, and the form ation of public opinion, informed 
or not , is related to these strains and disagreements. 



Does television help us to develop a clear picture of a controversial issue? Or do we reject even expert opinion when it contradicts our own opinions? 
Some studies of racial and religious attitudes have indicated that people actively avoid television programs, news reports, or magazine articles that 
contradict their point of view. But more recent research shows, for example, that people who strongly oppose the banning of DDT often keep them
selves well informed about the criticisms of this pesticide. 

A common belief is that communication is very dif
ficult in a controversy when people develop strong and 
rigid attitudes. We often expect people to refuse to be
lieve things with which they disagree. Evidence from 
some studies of racial and religious issues, for instance, 
indicates people actively avoid communicat ions that 
present a contradictory point of view. 

However, more recent research suggests that atti
tudes may not always be much of a barrier to communi-

eating through mass media . People who strongly oppose 
the banning of DDT, for example, often keep them
selves well informed about the criticisms of this pesti
cide. The argument that people avoid contradictory in
format ion is based on a conception of man as rather 
irrat ional, rigid, and insecure. However, people have 
several different motivations where mass media news is 
concerned and frequent ly the dominant motivation is to 
develop a clear picture of an issue, make up one's mind 
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about it, and know what the oppos ition is saying. These 
motivat ion s are basically quit e ratio nal and suggest that 
atti tudes may not be that much of a barrier to communi
cat ing information . People may understand a communi
cation perfectly well, even though they disagree with it 
and the people who say it. 

While many disputes in modern society are blamed 
on "fa ilures of communication" it might be more accur
ate to refer to them as "s imple failures in agreement." 
Me mbers of environ menta l preservat ion groups, on one 
hand , and employees of an indu stry und er pressur e to 
reduc e air and water conta mination may understand 
each other's position very well, and frequ ently do . But 
they disagree on basic values, and the disagreement may 
be so extreme that it leads to sha rp polarizat ions in 
opinion. Nevertheless, Am erican history shows that 
meanin gful consensus often grows out of exac tly this 
type of polarization. Th e important th ing may be for 
people to und erstand what other peo ple think (even if 
they disagree ) , because only by appreciat ing another 
person 's position is a meaningful solut ion possible, 
whether it is a compromise or not. 

CO MMUNICATION AND MESSAGES 

Experts in spoken and written communication for 
years have ur ged journa lists and educators to adopt 
more · und erstand able communications. One test often 
used is the " readability formula" , which is usually based 
on the num ber of syllables in words and the length of 
sentences. In general, short sentences with extremely 
simple word s ("end" instead of " terminate;" "death" 
instead of "fatality" ) are recommended . 

Fo rms of communic ation are chang ing so rapidly, 
however, that many of the traditi onal not ions about 
readability may no longer be appropriate. Accord ing to 
a reada bility test, words like "satellite," "amplification," 
"o rgan transplant at ion ," and "charismatic" would make 
understanding more difficult. Each of these word s, how
ever, has become more common in recent years, and 
may frequ ently be an aid rath er than a hindrance to 
communic ation. Th ere is reason to believe that the 5 0 

called "big word s" that we hear so often today (or what 
comedians of yesteryea r called "75-cent" word s ) are 
not all that difficult to und erstand . 

Te levision has had a clear impac t on vocabulary of 
children ; elementary schoo l texts for years ha ve dealt 
with writing much more complex than the "D ick an d 
Jane" prose that many older memb ers of society recall 
suffer ing thro ugh. Int roduction of more complex math e
matics in elementary schoo ls is fur ther testimony of the 
abil ity of people to deal with more complicated ideas. 

Some recent Minn esota research on communication 
of scientific inform ation had led to some insights into 
the understand ability of techni cal jargon. T he new 
words of the space age are accep ted readily, it seems , as 
long as they have singular mean ings. G iven the general 
American interest in health and gadgetry, there is little 
difficulty in grasp ing a new (and long) word if it is given 
a precise meanin g and no more . On the other hand , a 
word that has many possible meanin gs, or looks like a 
number of other words, may cau se con siderable con
fusion. 

A quite une xplored aspect of communication is the 
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use of numbers. Th ere was initially much objection to 
the change to digit teleph one dialing (726-5000 instead 
of Pennsylvan ia 6-5000 ) . The results seem clear. Peo
ple are confu sed less by the digit system than they were 
by the varying, although colorful , prefixes. (Question: 
How do you dial "Pennsylvania?" PE or PA ?) As a 
matter of fact, we depend upon numb ers for a grea t deal 
of our daily communication. Witness our attachment to 
spor ts scores, traffic fatalities, popul at ion figures, mile
age figure s, yield per acre, stock mark et quot ations, and 
doll ar prices of new homes. When people were asked in 
recent studies to rea d and later recall content from sci
ence news articles, they showed a distinct tendency to 
recall specific figures. Th ere tend s, however , to be a 
satura tion point in numbers; putting more numb ers or 
sta tistics in a science news article seems to increase un
derstanding up to a point. Beyond that , readers tend to 
become overwhelmed, muc h as an excess amount of 
data can jam a switchboa rd or computer. Future studies 
will be conce rned with the parti cular kinds of numb ers 
that increase or impede und erstanding, and whether 
context makes a difference. 

NE W RESEARCH APPROACHES 

Mass communication research in the futur e may 
produce vari at ion in research techniques. Research in 
the past has tended to vary between two extre mes. One 
is the hum an laborato ry experiment in which impact of 
a communication is studied in some kind of a captive 
audience situation. Th e other extreme is the genera l 
audience survey, much like a public opinion poll, in 
which people are cont acted in their homes and asked 
questions about their communication behavior. 

In an attempt to combine the best features of both 
approac hes, communication research at the University 
has been concerned with field experiments. People are 
contacted in their homes, asked to read actua l com
munica tions, and then qu estioned abo ut their reaction s 
to them so that different types of communications ca n 
be compared . Thi s approa ch has already been used ex
tensively with printed science information and can be 
applied to a wide range of printed communications and 
perh aps even to broadc ast material. With modern tech
nology, it is entirely conceivable that survey interview
ers of the futur e may call on people at their homes, 
carry ing a lightweight transistorized television set with 
a bu ilt-in video tape unit that allows the person to watch 
and evalua te a particular kind of television program or 
docume nta ry. Mu ch previewing on television content 
is now done, but most of it is in more or less artificial 
settings. Th e new technology may make it possible to 
get reactions from people to new televised educational 
programs in the very place where they are used to 
watching TV -right in their own living roo ms. 

Th ese are but a few dir ections mass communication 
research might take during the next two decades. His
tory has shown that as society and techn ology change, 
so do the forms of communication. Th e purpose of mass 
media resear ch is to learn the consequences of new 
communication techn ology as well as its potenti al for 
keeping modern citizens well inform ed about commun
ity events and issues, and other thin gs helpful in every
day life. 



FROST 
i fluences 
MINNESOTA'S 
FLOODS 

ARNETT C. MACE , JR. 
assistan t profe ssor 
School of Forestry 

From 1955 to 1965 spring floods in Minnesota cost 
nearly $11 million each year, and losses are expected to 
climb even higher in years to come. Increases in popula
tion and continued invasion of flood plain areas by ur
ban and industrial development will boost this figure to 
an estimated $14 million by 1980. By the year 2000, 
flood damage costs will more than double and 50 years 
from now, Minnesota's spring floods could cost farmers, 
businessmen, and homeowners over $47 million *. 

Many of these floods are mainly the result of sur
face runoff produced by rapid snowmelt or rain on snow 
that exceeds the infiltration rate of frozen soil. Thus, the 
amount of surface runoff from a given watershed is a 
function of the soil's ability to absorb water, and the 
rate of water delivery is determined by climatological 
(weather) conditions . 

0- Floods and Fl ood D amage Alleviations, Water Resources Research Bul
letin No. 10. 

An inland sea of flood waters has marooned this Minnesota farmstead, Researchers are discovering that several factors, not just rapid snowmelt or 
heavy spring rains, contribute to flood conditions. The type of frost and soil in a watershed may be just as important, they believe. 

" 
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S~ri .ng floods cost Minnesotans $11 mill~on every year a.nd the pri~e tag climbs higher each spring. By 1980 that figure will reach an estimated $14 
million. Those who are able to ~ave their homes are stili faced with the burdensome chore of cleaning up after waters have receded. This homeowner 
has gone to the troubl e of wailing off encroaching water, but still has water in his basement (Note garden hose through open window). 

SOI L FROST 

The type of soil frost varie s significantly with vege
tative types and conditions, part icularly in forested 
areas. Snow, temperature, litter (surface organic lay
ers), soil texture, and soil moisture are variables that 
determine the degree of soil freezing. Un der some con
ditions an individual variable, such as soil moisture, 
may be the controlling factor. But more frequently the 
type of soil frost is determined by complex interactions 
of all these variables. 

FROST TYPES 

Some frozen soils are more permeable to water than 
othe rs. Several different types of soil frosts are recog
nized: "co ncrete", "porous concrete" , "honeycomb", 
and "stalactite" , The pred ominant types found in Min
nesota are concrete and porous concrete. The concrete 
type is character ized by extremely intense freezing with 
many ice lenses and small crys tals filling soil pores. Ice 
crystals block the moveme nt of air or water through the 
soil profi le and thereby increase surface runoff approxi
mately 20 times that of unfr ozen soils. Porous concrete 
frost resembles the concr ete type in its ha rdness and re-
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sistance, but is porous enough to permit infiltrati on 
rates about five times grea ter than the concrete type. 

EFFECTS OF VEGETAnON 

The major effect of vegetation on soil freezing is its 
indirect influence on snow and litter accumulation, both 
of which act as excellent insulators and reduce soil 
freezing. Also, vegetat ion may increase air temperature 
and reduce soil moisture , which enhance the more per
meable types of soil frost. Present knowledge indicates 
that the species and density of a forest affect soil freez
ing more significant ly than those of agricultural crops 
because forest species exert a greater influence on snow 
and litter accumulation . However, the type of fores t 
cover is an impo rtant variable affecting these processes. 
For example, hard woods or agricultural plants are leaf
less during the winter and they intercept relatively small 
amounts of snowfall comp ared to conifer trees. Since 
snow is a good insulator one would expect a small 
amount of soil freezing durin g a heavy snowfall year. 
If the snowfall is light (less than 12 inches), insulation 
might not be sufficient to prevent freezing. In this case, 



conifer stands, which have higher minimum temp era 
tures and litter accumulation, may be more desirable 
than hardwoods to reduc e soil freezing and spring 
floods. 

Another aspect is the rate of delivery of snowmelt 
water or spring rains to the soil surface. Snowpacks un
der hardwood trees or on cro plands are essentially un
shaded from the sun. Cons equently , snow melts more 
rapidly or these areas intercept less rainfall than conifer 
areas. Hydrolo gically, then , conifers may be more de
sirable than hard woods in areas of light snowfall where 
spring floodin g is a serious probl em. On the other hand , 
hardwoods may be more desirabl e in heav y snowfa ll 
are as. 

SOIL TEXTURE AND MOISTURE 

Concrete frost is mor e prevalent in heavier textu red 
soils such as loams and silt and clay loams , while the 
porous concrete type forms in lighter textur ed soils such 
as sands and sandy loams . Previous research indicates 
that soil texture affects soil moisture ava ilable for freez
ing just as snow and forest vegetation modify tempera
tures at the soil surface.. Sand y soils freeze rapidly, but 
form the more permeable type of soilfrost (poro us con
crete ) because low amounts of available moistur e are 
retained in its profil e. On the other hand, silt loams , for 
example, retain two to three times more moisture and 
so the more impermeable concrete frost forms in this 
profile. Annual variation in soil frost type and depth 
under similar snowpacks and vegetation may be related 
to different amounts of available soil moisture. 

Existing knowledge and observation indicate that 
the phenomena of soil freezing and surface runoff are 
comple x physical proc esses governed by man y interact
ing variables. Seldom does a single factor control soil 
freezing. Rather, it is a functi on of all variables. For ex
ample, dur ing the winter of 1967 -68, porous concrete 
type of soil frost was prevalant because of low soil mois
ture even thou gh snow depth was shallow. During the 
winter of 1968-69 soil moisture was high, but deep 
snowpacks prevented soil frost. However, in this case, 
the high soil moisture had the same effect as concrete 
soil frost and it reduced infiltration. Th e result was in
creased surface runoff and the dam aging flood s in 1969. 

FUTURE RESEARCH 

Before vegetation can be manipulated for parti cular 
watershed object ives, such as reduced soil freezing, 
much more must be known about the physical proce sses 
involved. Details of the many intera ctions between vari
ables that affect soil freezing are not thoroughly under
stood. Additional studies involving complete soil freez
ing investigations will be required. Snow and litter ac
cumulation patterns , combined insulating effects of 
snow and litter under different soil moisture regimes, 
and energy exchange proc esses are but a few of the en
vironmental factors subject to change by vegetation ma
nipulation . However , any management technique must 
be compatible with the othe r uses associated with a par
ticular land resource, and these measures can only be 
institut ed if an economic return in terms of reduced 
floodin g can be reasonably assumed. 

Figuring 
the Sun's Angle 
into Your 
CropProduction Plans 

LOWELL D. HANSON 
associate professor and extension soils specialist� 
Department of Soil Science� 

DO TALD G. BAKER 
professor 
Department of Soil Science 

Have you ever thou ght of the sun's rays as your� 
crop's fuel supply , and the thermometer as a kind of� 
speedometer measuring its growth rate? If you regard� 
the climate and energy systems as your co-workers in� 
crop production, then you'll be better equipped to get� 
the most out of every acre and every hour of sunlight.� 

STEPS IN PLANT GROWTH 

Two opposing kinds of processes are going on in� 
living plants. One is photosynth esis, a building up of� 
simple sugars out of carbon dioxide and water. The� 
other is a reverse process, respiration, the breakdown� 
of plant materials to the original components of carbon� 
dioxide gas and water. Your objective is to maximize� 
the "positive growth " through photosynthesis and min�
imize "negative growth " from excessive respiration. A� 
cert ain amount of respiration, however , is essential for� 
internal plant processes.� 

Th e amo unt of light and range of temperature are� 
two important factors that affect plant growth throu gh� 
these processes. Sunlight , the dr iving force behind pho �
tosynth esis, provides energy to " lock-up" chemicals in� 
organic form . Temperature affects crop growth through� 
the rate at which plant reactions take place. At air tem�
peratures up to about 86 ° F. , for exa mple, the growth� 
rate of corn increases. Above that point , thou gh, res�
pirat ion apparently takes over and net growth rapidly� 
decreases.� 
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Figure 1.� Plant growth is actually step-like as a result of gains during the light hours (photosynthesis domi
nant) and losses during the dark hours (respiration only). 

Crops go through a step-like growth pattern. They 
gain dry matter during the day when both phot osyn
thesis and respiration are going on and lose some weight 
at night when only respira tion is opera ting (see Figure 
1) . 

A story by the late Geo rge Scarse th, a well-known 
U.S. soil scientist, illustrates the importance of temp era
ture and respiration rate. While in Central America 
early in his career, he was struck by the fact that the 
natives had little food and no gardens to raise food for 
themselves. Recalling the lar ge yields of potatoes from 
his native Wisconsin, he planted potatoes to show the 
natives how to grow their own food. T hroughout the 
summer the pot atoes grew vigorously and a bumper 
crop seemed in prospect. But when the plant s were dug, 
there were no potatoes. The combin ation of warm tem
peratures and long nights caused the plants to develop 
a lot of top growth, but the hot weather kept the plants 
from storing up enough food reserves to form pot ato 
tubers. Fo r many of our Midwest crops, a rapid rate of 
development is associat ed with long daylight periods 
and cool night temperatures. 

DAY LENGTH AND RADIAnON 

Nature seems to have a system of balancing out the 
amount of daylight for various locations. Northern areas 
that get short-changed in the winter are rewarded with 
much longer days in the summer. Thou gh this is com
mon knowledge, we rarely stop to evaluate the full ef
fect of this pattern of day length on our crops and how 
we handle them. Yet differences within a few hundred 
miles in the Midwest are rather rem arkable (see Table 
1) . For example, during the period from April thro ugh 
July, the 45 ° latitude (central Minn esota) has almost 
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100 more hour s of daylight than Memphis, Tennessee. 
The rapid increase in day length from mid-March to 

June 2 1 is important to crop production wherever a 
farm er is located. Since hours of sunlight are a resource 
just as acres of land , it is import ant to arr ange plants 
for an early start so the leaf canopy covers a high pro
portion of the land quickly. 

Rad iation is a way of measurin g the growth poten
tial of various locations. Radiation is actually more 
closely related to the energy available for plant growth 
than day length because it takes into account the angle 
of the sun's rays and cloud cover as well as day length . 
Surprisingly, radiation or available solar energy is some
times higher for certain summer periods in the north 
than furth er south. In contr ast, the January radiation 
received in Winnip eg is only about half that of New 
Orleans, Louisiana. 

Figure 2 shows that as the sun rises higher in the 
sky and days become longer in the spring, each squa re 
foot of land gets more solar energy. A lot of this goes 
into heat that raises soil and air temperatur es. If we 
measure this energy in terms of hor sepower, each acre 
in central Minn esota, at noon on an average July day, 
receives about 4,000 horsepower. Only a small portion 
- one to five percent- of this is used for crop growth . 

Table 1. Hours of daylight during early crop season 

Latitude Location 

30° N New Orleans, La. . . . 
35° N Memphis, Tenn. . . . . . 

40 0 N Urbana, III. 
45° N St. Paul, Minn. . . . . . 
500 N Winn ipeg, Manitoba .. 

Ap ril May June July Total 

387 422 423 431 166 3 
393 434 435 445 1707 
396 446 450 456 1748 
405 459 468 474 1806 
411 477 489 493 1870 



SUMMER TE MPE RATU RES 

As ment ioned, the sun's radiation acts as a fuel sup
ply for our crops and we can regard temperature as 
a speedom eter. Th is is because the rate of most chemi
cal reactio ns increases rapidly with higher temperatures, 
and reactions in the plant are no exception. Let' s see 
what we have to work with in our own area. 

May through September temperatures are given for 
six south to north location s in Table 2. The location of 
each area is shown on the map in Figure 3. The "effec
tive" day and night temperatures are 30-year averages 
of the most common temperature dur ing the daytime 
and nighttime for a particular month-not the highest 
and lowest daily temperatures. 

Temperatures show a large difference from south 
to nor th in the summer growing season while daily ra
diatio n totals remain fairly constant. Temperature varia
tion is one reason that certain crops are much bette r 
adapted to some areas tha n other crops . The best day
night temperature combination for various crops is com
plex. but some facts are known. F. W. Went, who was 

Figure 2. The amount of leaf cover on ea ch acre is the important responsible for the first large growth chamber, has been 
factor in intercepting sunlight. Large amounts of the sun's energy a leader in this work. Here are some highlights of his 
are wasted with wide rows, especially in the early part of the sea results : 
son. The actual amount of energy available is tremendous. At noon 
on a typical July day a 400·acre farm receives the equivalent of� Corn. At relatively low light intensities, if the day tem
about 1.6 million horsepower. The energy received in July shows� perat ure was 73° F., the optimum night temperatu re 
little N·S variation even over great distances. For example, Winni·� was 63 0 

; at an 86 C day temperature, the best night 
peg, Canada, receives about 1.6 million horsepower, which is the� temperature was 68 0 . The optim um day temperature 
same as that received at New Orleans.� was either 73 ° or 79 °, depending on the night tempera

ture. At high light intensities, summer conditions, opti
mum day and night temperatures were a few degrees 

As in the case of day length, radiation builds up fast higher. Ears formed only when night temperatures were 
in the early part of the summer and the challenge is to greater than 54 0 

get plants to use this "fu el supply" in the largest 
• 

amounts possible. Once soil temperatures are high Potato. Tuber production was largely controlled by 
enough, it is a sheer waste of energy to have sunlight night temperatures. Day and night temperatures of 68 ° 
striking the soil surface, rather than a plan t leaf. and 57 ° appeared optimum. Tuber prod uction was poor 

Table 2. Growing season temperatures at six U.S. locations 

Lo cation May 

Effective da y temp. 

June July Aug. Sept. May 

Effective night temp. 

June Ju ly Aug. Se pt. 

Days 
from 

Av g. May· 
dec rea se Sept. 
in night above 
temp. 85° 

Baton Ro uge , La. 
30° 53 ' N 78 84 86 85 85 69 75 77 76 73 9.6 38. 5 
Fayetteville, Ark. 
36° 5' N 72 80 84 84 78 61 69 72 72 66 11. 6 38.3'" 
Columbia, Mo. 
38° 58' N 78 85 87 85 81 66 74 76 75 70 11.0 17.6 
Ames, Iowa 
42 0 2'N 66 75 80 78 70 54 63 68 66 58 12.0 l4.3t 
Minneap olis, Min n. 
44° 59' N 64 73 79 76 65 52 62 67 65 56 11.0 8.7 
Fargo, N.D. 
46° 46'N 61 71 78 75 65 49 58 65 63 53 12.4 1O .5tt 
• Li ttl e Rock, Arkansas 
t Des Moines, Iowa*Bismarck, Nort h Dakota 
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at a night temperature of 63 0 
; when greater than 68 0 , 

no tube rs were produced. 

Peas. In order of decreasing importance, the pea plant 
was influenced by light intensity and day length, day 
temperature, and night temperature. In the early period 
of growth, optimum temperatures were 68-7 3 0 • This 
decre ased to 50-6 3 0 four weeks after germination and 
dropped even lower after 6 weeks. 

Sugar Beets. Although both day and night tempera
tures were important, night temperatures had a more 
pron ounced effect on the beet crop. Based on the re
sults obtained at day temperatur es of 680 , 73 0 , and 79 0 

, 

the percent of sugar content was highest at the lowest 
night temperature tested , 39 ° . Total beet weight in
creased with increasing night temperatures up to 73 0

, 

but total weight of sugar was highest with night tem
peratures of 57-63 0 

• 

You can expect some variation from these re
sults with different varieties and hybri ds. Considering 
the optimum temperatures required and the tempera
tures observed at the stations (see Table 2 ) , it appears 
that hot weather often holds down yields. Except during 
the month of May, night temperatures at all of the sta
tions listed south of Ames, Iowa, are above the opti
mum for corn . This is prob ably particularly important 
during the ear-filling months of August and September. 

Day temperatures are also interesting. Recent work 
has shown that dry matter accumulation by corn in
creases with temperat ures up to about 85 0 

, but falls off 
rapidl y at higher temperatures. Note the average num
ber of days when the temperature is above 85° . Even as 
far north as central Iowa, there is, on the average, a 
midday period during 14 days when true growth de
creases rapidly as a result of maximum temperatures in 
excess of 85 0 F. 

As important as regional patterns are, your own 
specific farm and field situation might be quite different 
from that presente d in Table 2. Such things as moisture 
conditions, lay-of-the-land, and direction of slope can 
change conditions markedly. For example, a north-fac
ing, sloping field would have lower temp eratures than a 
level one . By the same token, a south -facing slope 
would be warmer than a level field. Valley fields usually 
have cooler night temp eratures than surrounding up
lands because of cool air drainage into the valley at 
night. 

WATER AFFECTS TEMPERATURE 

If you consider radiation the fuel, and temperature 
the speedometer of a crop production machine , water 
is the radiator or cooling apparatus. A small amount of 
water carries nutri ent s into and within the plant , but 
most of the water keeps the plant cool. Whenever the 
sun shines on a solid canopy of green leaves, it pumps 
water out of the soil at a rate almost equal to the evap
ora tion from a lake surface. The evaporation (call ed 
transpir ation in the case of plant water loss) consumes 
a lot of heat. A pound of evaporating water has about 
the same cooling power as 7 pounds of melting ice. So 
adequate moisture can go a long way in keeping the 
crop plant functioning efficiently by keeping leaf tern
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Figure 3. Location of stations. 
) 

peratures within a reasonable range. But warm tempera
tures put a real stress on the water supply for a crop. 
Just as the rate of chemical reactions speeds up with 
warm temperatures, water loss from the soil and plants 
goes up rapidly with highter temperatures . You can 
picture the mechanics of this if you think of water as 
made up of tiny molecules bouncing about. The higher 
the temperature, the faster molecules bounce back and 
forth, and the more likely that many of them will break 
free from the leaf surface or soil water and enter the air. 
It's a lot like astronauts getting up enough speed to 
leave the earth's atmosphere. 

Here's how this principle operates in terms of water 
loss from a field of corn in southwest Minnesota: 

Month Avg. Temp. tn.zmontb Gal. /acre/day 

April 45.9''F, 0.9 800 
May .. . 58.1 OF. 3.1 2,700 
June 69.2 °F. 5.1 4,600 
July , . . . . . . . . . . . , 72. JO F. 6.2 5.400 

This shows that a given amount of water goes a lot 
further with cool temperatures. For example , irrigation 
is usually necessary for corn production in central Ne
braska, while south ern Minnesota with only slightly 
more rainfall, usually doesn't need irrigation. 

A person should , therefore , have a skeptical attitude 
toward the value of crop water-use figures if the infor
mation is from a location with a different climate than 
your own farm. Also, if you're buying a new farm, take 
all climatic factors into account, not just rainfall. 
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The sun's radiation is the driving force behind crop production. On a typical July ~ay a 400·acre M~nnesota !arm receives the equivalent. of abo~t 
1 600000 horsepower. This solar energy enables plants to carry on the processes vital to growth. Usmg the right crop management techniques will 
e~abl~ you to harness up more of this sunlight horsepower, soil scientists say. 

PRACTICAL ASPECTS?� areas might be soil temperature. A heavy leaf canopy 
preven ts the sun's radiation from warming the soil, so 

We need to organize our crop and soil so that we if cold soil is a serious problem, narrow rows might be 
make maximum use of both land and sun. Think in a disadvantage. 
terms of a sun-acre and the effect of longer days in mid Early plant ing is anot her way of increasing light 
summer (which becomes more pronounced as you move interception by producing more crop cover for the long 
north ) not just an acre of land. day- length period. Most farmers recognize the advan

In terms of "sun-acres", your 40-acre March 15 tage of early planting, but perhaps you have not thought 
field has expanded to 50 acres of sunpower by Jun e 21 abo ut it in terms of using sunlight hours that would be 
if you are in the Urb ana , IIIinois-northern Missouri lost by late planting. 
latitud e; to 52.4 acres if you are in the Twin Cities Working against ear ly planting, of course, are the 
Watertown, South Dakota area . hazard s of frost and wet-cold soils, and the time re

As to pra ctical field opera tions, let' s look at sun quired for tillage and fertilizer spreading. But the payoff 
light, temperature, and water , individually; however , can be substantial in terms of a larger growth-potential 
keep in mind they are closely interrelated. per iod if you can plant a crop like corn 4 or 5 days 

earlier than you have in the past. In the south, you will 
be taking advantage of more moderate spring temperaINTERCEPTING SUNLI GHT 
tures and, in the north , making bette r use of sunlight. 

One of the more obvious ways of intercepting more Since early plantin g is a key to full use of sunlight, 
sunlight is to get a more complete coverage of the land practices that may help you get your fields shaped up 
with leaves by planting in narrow rows. This practice for early planting might be : 
has been giving good results with corn and soybea ns 
thro ughout the Corn Belt, especially in nor thern areas • Shift as much plowing and fertilizing to the fall 
and with early maturing varieties. This fits the pattern possible . (Fertilizer should be incorporated as 
of light interception being more critical in higher lati into the soil.) 
tudes with shorter frost-free seasons , but longer mid

• Dry out and warm heavy soils through shallow, season day length. 
early spring tillage. For soybeans, adequate plant spacing seems to be 

more important than plant density. Iowa resea rchers re • Improve soil drainage. 
port that with some varieties you can cut plants per acre 

• Avoid heavy crop residue mulches because they from 105,000 to 52,000 and still get 44-bushel yields if slow warm-up on slow-warming soils. rows are 10 inches wide. 
Obviously, you have to weigh weed control, ma • Schedule your planting to take adva ntage of 

chinery, and harvest ing aspects against the advantages areas that warm up earliest (sandy and well 
of narrow row spaci ng. Another consideration in a few drained fields) . 
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Pop-up or seed-placed fertilizer seems to have a 
place here in stimulating early wowth an~ a leaf canopy 
on soils that tend to be cold In the spnng, Generally, 
high fertility conditions will contribute to rapid leaf cov
er development. 

New developm ents such as more upright corn leaves 
and Christmas-tree-shaped soybean plants induced by 
artificial growth hormones may take advantage of mo~e 
sunlight. The se developments should be evaluated In 
terms of your own farm location and day-length status. 
Watch the results of Canadian work on fall seeding of 
spring small grains with coated seeds to take advantage 
of early spring growth . 

CAN WE CHANGE TEMPERATURE? 

We can no more affect regional temperature pat
tern s than sunlight and radiation, but we can work with 
the temperature instead of against it. And we can, de
pending on our tillage, plant spacing, and water man
agement, modify the climate close to each plant. Sum
maries by USDA soils specialist William Larson show 
that early corn growth is remarkably sensitive to soil 
temperature. A row of corn planted in a small r idge will 
be 2.1 0 warmer at the 4-inch soil dep th than a ro,,": 
planted in a bare, smooth-surfaced soil. A small fur row, 
on the other hand, would be 1.7 ° colder than conven
tional smooth-surface planting. Although these differ
ences appear small, Larson estimates that early corn 
growth would be 50 percent faster on the ridge situation 
than on a smooth soil surface with soil temperatures in 
the mid-60's. The furrow situation would cause corn to 
slow down to 70 percent of the growth without the 
furrow. 

Another temperature effect you might keep your 
"field eye" open for is that of one crop on another or 
the effect of a windbreak like a grove of trees. It has 
often been noticed that corn seems to grow faster and 
tassles earlier in the vicinity of a grove of trees. The 
shelter effect causing warmer temperatures may be the 
reason for this faster growth in the northern part of the 
Corn Belt. 

WATER 

In the spring, when excess water is often the case, 
the benefits of working soil come in speeding up the 
drying and warming process, as well as weed control. 
Tillage can also increase the water supply, particularly 
in the fall when the rough surface left by a plow can di
rect water into the soil, while a smoother surface might 
permit it to run off. 

Irrigation may have some benefits of cooling a crop 
directly, as well as providing soil moisture for future 
use. 

Summing up, keep the important "plant growth 
forces" of sunlight, temperature, and water in the back 
of your mind as you plan your crop production strategy. 
You may haul another 20 bushels of corn or 10 bushels 
of beans per acre out of your fields this fall if you "har
ness up" a little bit more of the sunlight horsepower 
that's there to be used. 
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The Decade Ahead 
in Biochemistry 

S. DAGLEY 
professor 
Department of Biochemistry 

In attempting to predict future de
velopments in biochemistry, it is help
ful first to state its ultimate goals. 
Briefly expressed, the objective of bio
chemists is to describe the structures 
and activities of living matter in chemi
cal terms. Continued progress towards 
this ambitious goal depends upon re
search that uses the skills and knowl
edge of a wide spectrum of scientific 
workers who study the structure and 
behavior of various molecules. 

The increasing application of meth
ods from related sciences to biochemis
try is evident in its history. Early in the 
19th century, it was believed that even 
simple compounds, containing no more 
than a combination of two dozen atoms, 
could only be synthesized by living or
ganisms, which used a mysterious "vital 
force" for this purpose. The discovery 
that urea and other simple molecules 
could be produced in laboratories by 
using chemical reagents helped to es
tablish the science of organic chemis
try, which is the basis of all studies of 
the chemical components of living 
cells. 

Many older biochemistry depart
ments originated in schools of medi
cine . Physicians realized that identify
ing simple organic compounds in blood 
and urine provided valuable assistance 
in diagnosing diseases. Later, various 
organs, which had been removed from 
animals and sometimes from human 
beings, were studied for their ability to 
form or break down such compounds. 
However, as we now know, many liv
ing cell constituents, such as nucleic 
acids (DNA and RNA) and proteins, 
contain not dozens of atoms but thou
sands. But up until the second decade 



of the 20th century, most scientis ts 
doubted whether such giant molec ules 
existed . Lar ge particles studied at that 
time, such as those fou nd in colloidal 
solu tions, were thought to be formed 
by smaller molecules sticking togethe r. 
Biochemists believed these aggregates 
were stabilized by physical forces . 
They serio usly doubted that the chemi
cal forces connecting ato ms were 
strong enough to hold giant molecules 
together. However , Staudinger 's re
search in the 1920's showed that chem
ical molecules could assume enormous 
sizes comp ared to the compounds stud
ied earlier. He point ed out that the 
properties of these giant molecules 
could not be predicted from the prop
erties of the ir small uni ts. He foresaw 
that such macromolecules would be of 
great impo rtance in biology . 

No doubt it is foolish to pred ict the 
future of a science tha t is growi ng at 
such a tremendous rate and has pro
vided so many surprises. But one thing 
is certain: many of the questions con
fronting biochemists in the next decade 
will be answered as our knowledge of 
giant molecules expands . And the 
methods of physical chemistry and 
physics will lead the way to greater 
understanding. To app reciate this 
point , let us consider one typical fea
tu re of cell chemist ry that sets living 
cells apa rt from other chemical sys
tems. Inside a living orga nism, mole
cules are being formed and also bro ken 
down at grea t speed . However , a 
chemist would find it difficul t to de
grade or synthesize these molecules if 
he were confined to using the condi
tions of temp erature , pressure, and 
acid ity necessary to maintain life. The 
reason why living cells can perform 
these spectacular fea ts of chemistry is 
that they manufacture enzymes (gia nt 
protein molecu les), which speed chem
ical reacti ons within the cell. A vast 
netwo rk of rapid , simultaneous reac
tions is kept going continuously 
through the action of these enzym es. 
If we consider just one of the multi 
tude of chemical compounds inside a 
cell, the amount present scarcely 
changes from one moment to the next. 
However, the life-span of any indi vid
ual molecule of this compound may be 
very short. Th e reason that the en
tire molecular population remains 
abo ut the same is because the relevant 
chemical bonds which are bro ken by 
enzymes are also re-formed at more or 
less the same rate. 

Modern technical instruments have proved to be an enormous boon to the biochemist. These sensitive 
tools enable researchers to cut corners on time-consuming calculations and make precise measurements 
with ease. According to the author, involved research that once required 10 years to complete will be 
accomplished in a matterof months during the 1970's. 

Hamlet expressed the desire that 
"this too too solid flesh would melt." 
But "solidity" is not, perhaps, the best 
description of living matter. Due to the 
state of chemical flux in living cells, his 
wish has already been granted in part. 
Thus, half the protein in the liver of a 
rat is completely bro ken down and re
placed within 5 days. No ne of us re
mains the same person, ato m for 
ato m, from one day to the next. 

DYNAMIC STATE 

Why should the chemicals of living 
matter exist in th is dynamic state? 

Modern bioche mistry offers two lines 
of thoug ht. Fi rst, a living organism 
must draw a continuous stream of en
ergy from its food . Some of this 
energy and material is needed for mak
ing the particular biochemicals re
qu ired by the organism. Some is also 
needed for movement and the per form
ance of work. In either case, the trans
formation of energy into requ ired 
forms is accomplished by cert ain com
pounds tha t serve as "go-betweens" : 
AT P is the most frequ ently used of 
these chem ical interm ediaries. In other 
word s, chains of reactions that break 
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down biochemicals must be linked at 
numerous points, through shared meta
bolit es, with those that use the energy 
and material they provide. 

Second, we migh t con sider the rele
vanc e of this picture to that most fun
damental property of living matter we 
call "e xcitability." A change in a cell's 
envi ronment might be described, in the 
last resort, in chemical terms and the 
very life of the cell could depend upon 
its response. This response is not likely 
to require some entirely different ac
tivity. It might draw upon one or more 
of the multitude of reactions already 
existing in the resting condition. The 
extensi ve network of interrelated reac
tions maintained in the steady state 
confers upon the cell a chemical re
silience essential for survival in a 
changing environment. 

We have rea ched a point in the 
study of metabolic reactions where a 
roll call of the smaller mole cules in
volved , while far fro m complete, would 
be very extensive no matter what type 
of organism we might consider. Never
theless , even if we knew every com
pound and could write a complete 
equation for every reaction that occurs, 
we would st ill leave the most funda
ment al question unanswered: How are 
the reactions catalyzed by their en
zymes? Since almost as many enzymes 
as reactions are involved, there is not 
one, but thousands of answers to this 
question. Res earch in 'the last decade 
has partially described the modes of 
action of one or two enzymes. But the 
depth of our igno rance has been laid 
bare beca use many enzymes appe ar to 
opera te much faster than present theo
ries would predict. It seems entirely 
possible that research on enzymes in 
the next decade may reve al new theo
retical principles governing their cata
lytic action. At any rate, experimental 
techniques developed in recent years 
promise to be ad equate for obtaining 
da ta required in studies on enzymic 
mech anisms. 

It is now realized that the shapes 
of giant molecules largely determine 
their fun ctions. For example, the rea
son why one enzyme will catalyze the 
reactions of only a few compounds, 
and in som e cases only one reaction of 
a single compound, is that this par
ticular molecule fits snugly into a sur
face cavity of the enzyme. Other com
pounds can not be accommodated at 
this site. Moreover, when the molecule 
fits into place, the binding forces are 
thought to help position certain amino 
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acid groupi ngs of the enzyme where 
they can assist the events of catalysis : 
such as the transfer of a hydrogen 
atom, usually as a proton, from one 
place in a molecule to another ; or the 
breaking of a bond between carbon 
atoms, and so on . 

These considerations help us to ap
preciate that complete description of 
an enzyme and the way it func tions in
volves, first, a knowledge of the types 
of amino acids from which it is con
structed; second, the order in which 
they ar e joined together (the amino 
acid sequence); third, a determination 
of the shape which is given when the 
chain of amino acids folds up in three 
dimensions; and, finally , though this 
is not necessarily the last con sideration, 
some means of finding out precisely 
where and how the substrate molecule 
is bonded : that is, where the enzyme's 
"active site" is located and what chemi
cal groups are in the vicinity . 

TECHNOLOGICAL ADVANCES 

In 1970 we stand at the threshold 
of an era in which all this information 
will be obtained for a large number of 
enzymes. We are about to reap a har
vest of knowledge using instruments 
that, in some cases, were designed by 
scientists in other disciplines. Thus, the 
molecular weight of any pure protein 
can readily be determined by use of 
the ultracentrifuge, a sophisticated in
strument made available through de
velopments in engineering and optical 
systems. 

For some years now, it has been 
possible to determine the types and 
amounts of the amino acids present in 
a molecule of protein. The machine 
used in this case is the amino acid ana
lyser, which resulted from advances in 
chromatography. Since 1967 it has also 
been possible to determine the se
quence of as many as 60 amino acids 
linked together in a peptide or small 
protein . Here, the "protein sequena
tor" is employed, which makes use of 
chemical procedures that split off 
amino acid s from a protein chain one 
at a time in the form of easily identi
fiable derivatives. The shape of a pro
tein can be arrived at when we know 
how its amino acids are arranged in 
three dimensions. For this purpose, the 
most important technique available is 
X-ray crystallography, first used by 
physicists to determine the arrange
ment of ions in sodium chloride crys
tals. A protein molecule is enormously 

more complex than this simple salt, 
and the successful application of the 
method has depended upon two devel
opments: improvement s in the instru
ment s used and , second, the availabil
ity of computers that perform tedious 
calculations in a matter of minutes. 

Indccd , the essence of all the se 
modern techniques is the speed of their 
application: In the 1970's what form
erly took a decade will be accom
plished in months . A recent issue of 
Nature magazine featured three arti
cles which gave a picture of the en
zyme elastase in almo st every detail. 
T he determination of both the amino 
acid sequence and the thre e-dimen
sional structure was a part of a doctor
al thesis of one of the authors! It is, 
therefore, not unreasonable to p red ict 
that in 1980 we will be able to pur
chas e atlases that show the structures 
and shapes of most enzymes we now 
recognize . If this turns out to be cor
rect, it is also certain that we shall 
understand how these enzymes oper
ate. And this deeper understanding of 
catalysis will have enormous influ ence 
on chemical techno logy. Furthermore 
there will be a great extension of math
ematical thermodynamics directed to
wards explaining how these particular 
shapes are taken up as a result of at
tractions between the various groups in 
giant molecules . From this point it will 
also begin to be possible to describe , 
in terms of such force s, how these giant 
molecules can be assembled to give rise 
to the various larger structures long ago 
observed in cells. 

Looking back over this history of 
biochemistry, we saw how whole or
ganisms were dismantled step by step 
until it was possible to isolate giant 
molecules such as proteins and nucleic 
acids whose structures and biological 
functions could then be investigated. 
The 1960's saw the perfection of meth
ods and tools which the 1970's will use 
to study details of shape and structure. 
Since shape, or form, is so important 
to function, the specia l term " molecu
lar biology" has sometimes been re
served for such investigations. How
ever, when sufficient experimental data 
have accumulated and the mathematics 
to be applied have become sufficiently 
sophisticated, biochemists will cease to 
pull apart and will begin to assemble. 
We shall be leaving small molecules 
behind and returning to biology. It 
seems to me that we shall be on the 
road back toward the end of the next 
decade. 



Dr. William F. Hueg, Jr. 

We saw that materials within a liv
ing cell are in a constant state of chem
ical flux; nevertheless, at! their charac
teri stic features and architecture are 
seen to persist essentiall y unchanged . 
The intricate design that is maintained 
in an organism and passed on to its 
progeny is staggering. One cell, let 
alone a complete organism , is largely 
what its numerous proteins make it. 
The number of ways in which the 
amino acids of just one protein could 
theoretically be combined is astrono
mical. We know, too, that if one mis
take is made in their assembly, dire 
metabolic consequences can result. 

It is now common knowledge that 
the general solution to the problem of 
how molecular design is maintained 
and why genetic information persists 
was provided when the three-dimen
sional structure of DNA was estab
lished in 1953. A second problem 
which is equally basic is posed by the 
regulation of rates of the vast number 
of metabolic reactions within cells. As 
we have seen, rates of degradation are 
nicely balanced against rates of syn
thesis. Clearly, an organism would not 
last long if things were otherwise. How 
is this control achieved? If we confine 
our atte ntion to 'cells of one type-that 
is, if we purposely ignore the control 
of metabolism through hormones and 
nervous systems- then two kinds of 
regulatory mechanisms remain . One of 
these involves a very rapid response, 
since it depends upon the fact that the 
catalytic rate of one particular enzyme 
can sometimes be specifically and di
rectly altered by a change in its envir-

The 67th session of the Minn esota 
Legislature will be a difficult session 
not only for those who are requesting 
financial support for public programs, 
but also for those who must make de
cisions on appropriations. A relatively 
tight national economy has had an ob
vious effect on 'state governments. 
However, we believe that to maintain 
the "st atus quo " is to go backward in 
our dynamic society. 

The Minn esota Agricultural Ex
periment Station is asking the legisla

onment. Suppose, for example, that a 
metabolite M has been produced in 
amounts that are undesi rably high. It is 
then commonly found that this elevated 
concentration of M slows down the 
action of one of the enzymes that op
erates early in the reaction sequence 
for the synthesis of M. The ability of 
M to apply the brakes to its own pro
duction process probably depends up
on the fact tha t M is capable of being 
bound to the enzymes in question. 
And, as a consequence of this binding, 
the shape of the giant molecule is suf
ficiently altered to make it a less effec
tive catalyst. The part played in meta
belie regulation by these "allosteric" 
enzymes , as they are called, was recog
nized during the last decade. In the 
1970's biochemists will make extensive 
use of techniques developed by physi
cal chemists to follow the changes in 
shape and size that molecules can un
dergo in a solution. 

In a second type of regulatory me
chanism , one that takes a much longer 
time to respond , the amounts of en
zymes, rath er than their individual ef
ficiencies as catalysts, are altered. 
Mor e enzymic protein is synthesized to 
meet the organism's needs. According 
to current theories, the signal for this 
event is given when a "repressor" 
substance is removed from the DNA 
segment that constitutes the relevant 
gene : "transcription" of this DNA into 
a strand of "messenger RNA" is then 
allowed to proceed apace , and the 
"message" is finally "translated" into 
the amino acid sequence of the new 

ture to consider substantial increases 
in support. In the fall 1968 issue of 
Minnesota Science, we told you of our 
legislative plans for the 66th session; 
and in the summer issue of 1969 we 
reported results of legislative action. 
We now know the full impact of the 
nearly $1 million increase appropriated 
for the current (1969-71) biennium . 

Our request for the 1971-73 bi
ennium reflects the increasing demand 
for information and new knowledge 
placed on research programs of the 

protein to be synthesized . At the time 
of writing, sufficient amounts of two 
"repressors" have been isolated to es
tablish that they are protein in nature. 
A great many more will be isolated 
during the next 10 years and eventually 
they will all be characterized. It is easi
er to predict this than it is to guess the 
consequences for medicine because the 
value of a complete description of the 
metabolic enzymes and the compounds 
that regulate their synthesis appears to 
be limitless. 

The same can be said of two other 
recent achievements : the isolation of a 
single gene from a bacterial cell and 
the synthe sis of the enzyme ribonu
clease . The next decade will see many 
more such isolations of genes, and 
methods will be perfected for sequenc
ing the nucleotides of DNA as easily 
as we sequence amino acids of pep
tides now. It is possible that an atlas of 
protein structures and contours, which 
I predict for 1980, will contain at least 
an appendix showing structures of 
genes which coded for some of them. 

Second , the recent feat of two 
groups, working independently, who 
synthesi zed the enzyme ribonuclease 
by purely chemical means, will be re
peated for other enzymes . By 1980 
many more enzymes will have been 
made by man, and perhaps some will 
be manufactured on a commercial 
scale. I believe that in 1980 my suc
cessor will be writing an article pre
dicting, or even describing , the chemi
cal synthesis of genetic material in the 
test tube , or on the commercial scale. 
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