
A pull of the paper pot op ens hundreds of conta iners read y for so il and seed . 

books are unfo lded and the so il plugs� 
wit h seedlings are extracted .� 

A recent ly-int roduced te chnique that 
looks very promising is the pape rpot 
system developed in Finland. This system 
offers a co mpromise between t he rigid 
plastic tube and the container less seedling. 
The pape rpots come in sets consisting of 
a flat package which opens in accordion 
fashi o n. When opened up, t he set is 
stretched on a frame and placed in a box 
or t ray where it is loaded w ith soil and 
seeded. Th e individual pot s vary in size, 
wit h th e most common be ing about 5 
inches long and 1 inch in di ameter. The 
pots are held toget her in a set with water­
solub le glue. After a period of watering, 
which is requ ired in th e greenhou se 
culturi ng process, the glue d issolves and 
each individual container can be separated 
at time of planting . The specia lly-treated 
paper has a life of about six mon th s and 
breaks down short ly after bei ng planted 
in t he f ield. This system has t he 
adva ntages of t he tubeling co ncept but 
also has a larger rooting volume and a 
d isintegrating container . 

The method of growing co nta iner 
seedlings is about the sam e regardless of 
the type of system. A green house whe re 
the environment can be contro lled is used 
until the seed lings are b ig enough to be set 
• 
A f ive-mont h old sty ro plug red pine seedling 
is ta ken from its st yrofoa m block. 
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out side for the ha rden ing-off p roc ess. 
Int ensive watering, light ing, and fe rt ilizing 
sched ules have been established t o give 
best result s. Th e actual t ime per iod from 
germination to field planting varies with 
t he size of co nta iner and species of tree. 
The time period of from 10 t o 12 week s, 
when tubelings were firs t introduced , has 
now been extended to abo ut 16 weeks. 
The extended growing period results in 
larger, better-deve loped t rees . In some 
cases t he trees have been over-wintered 
befo re plant ing. 

Hand planting has bee n employed wit h 
conta iners. A simp le dib ble, somet imes 
attached to a hoe blade for scarifyi ng a 
sma ll spot, is usually used t o make t he 
plant ing hol e. With some tool s, a person 
can rem ove a plug of so il from th e 
des ignated plant ing ho le and p lant while 
sta nd ing. However, it is generally agreed 
t hat if a particular system pro ves 
biolog ically feasib le, a mac h ine to plant 
co nta iners will soo n fo llow. 

Most of t he adva ntages of using 
conta iner-grow n stock a re o rie nted toward 
efficie ncy and flex ibility of p roduction. 
The possibi lity ex ists of rep lac ing t he 
large tracts of land currently used fo r 
pro ductio n of nursery stock w it h sma ll 
gree nhouses fo r co nta iner product ion . 
The advantage of being ab le to grow t rees 
in relat ively sho rt t ime pe riods to meet 
short lead ti me demands is also very real. 
The potentia l of mecha nized product io n 
of co ntai nerized stock is t remendous. 
Packaged seed lings could have bu ilt-in 
fert ilizer and moisture. Th ese advantages 
and others, suc h as poss ible cost red uct ion, 
de pend largely o n sat isfactory 
performa nce of the containerized 
seed lings in the f ield . 

It may well be t hat no specific 
co nt ainer syst em will prov e wo rkable fo r 
all areas. There will likely be d ifferen t 
syst ems ado pted fo r d iffe ren t areas 
depe nding on cl imate and site 
req uirement s. There may also have to be 
some t rade -off in what forest ers now 
th ink of as acceptable survival in o rder to 
atta in some of t he other advantages that 
co nta inerizat io n offers. [J 
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World dem and for food mak es its impact at 
t he Minneapoli s Gra in Exchange . 

In t he Spring of 1974 t here was not 
eno ugh food for all. Many peop le of t he 
wor ld starved as nu merous farmers and 
ranchers went bro ke. Th e reaso n: lack 
of purchasing power by a major share of 
t he world 's growing po pulat io n, h igh 
grain prices brought abou t by h igh wo rld 
demand , and t he st rongest pr ice squeez e 
on t he livestock producer ever known in 
agricult ure' s history . 

In 197 2, a simila r crisis resulted 
becau se of a 3 percent diff erence in wo rld 
food and feed grain product io n. In 197 1, 
90 3 million met ric tons of food. and feed 
grains had been produced , but in 1972 
only 87 8 million met ric to ns. 

Why a crisis with a difference of 3 
percent? 

It was because of t he demand brought 
abo ut by increased purcha sing power, 
rising populat ion and errat ic weat her 
co nd it ions. 

Th e sale does not alway s bring prof it to the 
farmer . 

How d id the wor ld get int o a series of 
food cr ises? 

Up to 1830 , wo rld populati o n growt h 
was essen ti ally horizo ntal. Th ere were 
pea ks, and valleys of famine an d pest ilence, 
but t he general t rend was stable . But 
from 1830 t o World War II a mo derate 
growt h inc rease turned the ho rizontal line 
into a po pulatio n growt h curve. Now 
t here are nearly 3 .5-4 billio n peo ple on 
eart h . From 1974 to t he year 2000 the 
growt h rat e may be essent ia lly vertical. 
By t he year 2000 , it is pred ict ed , th ere 
will be 6 billion people. 

The wo rld adds 200,000 mout hs per 
da y . This is like adding one-half of the 
people of Sain t Paul, every day, to the 
wor ld po pul at io n. Yet , also daily , 10 ,000 
peo ple d ie of starvation. At such rat es 4 
bill ion peop le of 1974 wo uld increase to 
8 bi llion in a 40-year period . By 2055, 
th ere wo uld be 16 billio n peo ple. Today , 
half a bi llion people, mo st ly wo men and 
child ren, are sta rving in a very slow and 
painfu l way . Another half bi llion are 
undernourished and anot her 1 billio n are 
ma lnourished . Even a malnou rished life is 
a ho rrible fat e: Many of t hese vict ims wi ll 
never have a chance to contribut e to t he 
world . Malnut rit ion has a lready cau sed 
bra in da mage and other hea lt h de fects 
which will cause t hem to become a burden 
not on ly to t hemselves but to others. T he 
rem ain ing 1.5-2 billio n people are in t he 
categ ory of fa irly-well to exc essively 
nourished . 

Imagine a world-represen tative town 
wit h a po pu lat io n of 1,000 . What wou ld 
th at pop ulat io n breakd own be? 

Five hund red of th e 1,000 wo uld be 
hungry, 25 0 wou ld be malnou rished , 25 0 
wou ld be fa ir t o good as far as diet is 
co nce rned . Of 90 North Americans, 60 

would be fro m the US and t hey would 
co nt rol half of t he inco me of t he total 
group. This represent s the wo rld as it 
now ex ist s. 

Why not equa lly di vide a ll the food? 

If all fo od su pplies were to be d ivided 
equally aro und t he world, then the wo rld 
supply of food grains wo uld last between 
about 20 and 30 da ys at present rates of 
co nsumpt ion. Then we wou ld all be 
hu ngry . 

What is t o be do ne? 

One, we must commit ourselves to 
edu cat io n on birt h control and fami ly 
plann ing and we must provide the 
appropriat e incent ives in th ose societies 
where populat ion runs rampant . 

Two , we must devise programs to 
upgrade agricultura l product io n in t he 
develo ping natio ns, improve storage and 
market ing systems, and de velop th ose 
ind ustr ies so essent ial for a product ive 
agricu ltu re . 

The se are the f irst st eps, the essentia l 
steps, t o control wo rld population and 
t he futu re de st iny of t he world . 

World Chall enge to Agricu lture 

Develo p ing nat ions want to improve 
their d iet s. What pressure do th ey place 
on the exis t ing food production syst em? 

Recent wo rld trad ing has o pened up 
two large po pulat ion areas, and the 
seco nd great est eco no my in t he world . 
The USS R and Ch ina have bee n opened 
up for wo rld t rade and pa rt of t he 
currency is food. The USSR has three 
hundred millio n peo ple, Ch ina has eight 
hundred mi llion people. The co mbinat io n 
is o ne-t hird of t he wo rld's populat ion. 
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Storage syst ems remain o ne of the most vita l 
of t echnologies for agribusiness. 

Transpo rt ation keeps ge tti ng mor e expensive. Fu el costs hit hard at fo od prices. 

Probably th is wo uld be a co nt inu ing 
mark et , one d iff icult to deal w ith , but 
noneth eless a very real fac tor in t he 
agricult ural explosion wh ich is ye t to 
come. 

At no ti me in recent American history 
has agricult ure played a more vita l ro le, 
capt ured more head lines, bee n placed 
under greate r contraints, been asked to 
go for max imum product ion , moved so 
qu ickly from surplus to scarcity , o r seen 
so many an xio us abo ut t heir food supply. 
Agricu lt ure is called upon now , as never 
before, to produce for wo rld explosio ns 
of : popu lat ion , te chno logy , educati on, 
d isposable incom e, and genera l aff luence. 

Agricultu re has had to fu nct io n under 
shortages of machinery, fue l, fert ilizers 
and pesticides . Alth ou gh many of t he 
regulat io ns from the hysteria days of 
eco logy and the enviro nmen t in t he late 
1960's and 1970's appear not to be 
workable, th e restra int is th ere. Burden 
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of proof of co mpliance is placed o n th e 
fa rmer , t he agricultu ral sup ply indust ry , 
or th e process ind ust ry . The governm ent 
concept of cheap and abundant food is 
now be ing challenged ; fo r if we are to 
have abundant foo d it will not necessaril y 
be cheap. 

The futu re currency of wo rld tra de will 
be food . It may also be fuel but it will 
also be food . 

We hear a great deal abo ut farmers' 
product ivity and t he number of people 
fed from t heir labor . In 1970 eac h 
farmer was able to prov ide food for 
himself and his fami ly and o nly o ne­
tw ent iet h of t he food for anot her 
perso n. By 1910 t he farm fam ily , with 
22 billion ho urs of labor , could provide 
for 7 ot her people. By 1960 the support 
f igure increased to 26 peopl e; by 1970 
6.5 billion hours of labor could provide 
fo r 54 ot her people. By t he yea r 2000 

A t ru ck load of 

each far mer may feed 200 add it io nal 
people at a labo r expend it ure of 2.3 to 
4 b illion hours. The range in f igures 
co mes fro m so me of the rest ra ints t hat 
face agricu lture and how t hese will be 
recon ciled in t his nex t 25 year period . 
Furt hermo re, t he hours of labor ex pe nded 
are depe ndent upo n t he avai lability of 
energy and its re lat ed prod uct s. 

Wor ld food production mu st doub le 
in t he nex t 18-20 years, some say. But 
is it possible? A do ubling of world food 
product ion wo uld require a greater use of 
land resou rces, and better use of input s 
such as water, fert ilizers, machi nery, 
labor , storage, and pro cessing. Th ere is 
t he potenti al to increase prod uct ion as 
much as 2 to 3 t imes in pract ica l te rms. 
(Table 1. shows 1973 average, t op, and 
record cro p yields, in the US.) 

Whet her or not wo rld food produ ct io n 
will reach de sired goals depends upon how 
well t he wo rld faces suc h issues and 



Barge tr a nspo rtati on remains on e of t he cheapest way s to move grai n. 

arrives at por t . 

chall enges as climate; control and use of 
land; popu lation growth; domest ic and 
wor ld food reserves; adeq uate suppl ies 
and del ivery of fuels, fertilizers and 
agricu ltura l chemicals; and t he 
coo rd inat ion of food prod uct io n syste ms 
wit h modern technol ogies. 
Table 1. Top an d Record Cro p Yields 

Bushels per Acr e 

Crop 19 73 Aver age T op Reco rd 

Corn 94 230 360 
Wheat 32 135 21 6 
Soybeans 28 80 110 
Sorghum 63 200 320 
Rice 28 130 350 
Potatoes 385 1000 1400 
Sweet Potatoes 180 600 900 
Barley 4 1 150 21 2 
Oats 49 150 296 
Sugar Beet s (ton s) 20 40 54 

As winter sets in t he farmer has t ime to che ck t he books an d consider 
next year' s demands. 

MINNESOTA AGRI BUSINESS 

Today 's Amer ican agricu ltu re is capitalized at abo ut 460 billion do llars a 
year. It is the single largest indust ry in the US. The term agriculture has 
many definit ions but as d iscussed here it is t he ind ustr y which includ es farms 
fro m the time t he land is prepared and th e seed planted unt il the f inished 
product is moved to th e co nsumer . This is t he vast agribusiness complex. We 
wou ld not have the agricult ural product ivity as known in t his count ry if we 
d id not have t he impo rtant input and out put ind ust ries whi ch provide the 
supp lies for prod uction, storag e, processing, and transport at io n of t he raw 
products to the co nsumer. Nevertheless, of course, t he farm is vit al to 
agribusiness . 

Many cor porat io n farms are family o perat ions, fami ly managed , but 
est ablished fo r est ate managem ent . Such farm famili es operate the busin ess 
and make t he management decisio ns. Their farm operati on may be any size 
or inco me. Less t han 2 percent of t h is country 's farm land s are co nt ro lled by 
corporat ions. About 800,000 farms out of a t ota l 2.5 millio n US farm s 
produce about 85 percent of the US food supply . 

co nt inu ed on page 16 
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igh Ferti iz Prices.� 
"The ability of wo rld fertil izer­

producers t o respond to increased 
fe rt ilizer pr ices wit h increases in fe rt ilizer 
ou t put is limit ed in the next yea r or t wo, " 
says Dale C. Dahl , Un iversit y of 
Minnesot a agricultura l economist . 

In the 1960s prospects for a green 
revolut ion in develop ing count ries 
signaled major prod uct io n ca pacity 
ex pansio n in fert ilizer plan t s t hroughou t 
t he wo rld . Each manufact urer expan ded 
wit hout apparent regard for t he similar 
lo ng range plans be ing made by its 
co m pet it ors . The result was over­
ex pansio n, part icula rly fo r nit rogen, in 
t he '60s, resu lt ing in reduced profits and 
losses fo r ma ny compan ies. 

"This ex perience made man y ) 
manufact urers 'gun shy : and a reduct io n 
in th e rat e of indust ry ca pacity expan sion 
has been t he result:' Dah l adds. 

Also, th e levels of eco nomic growth in 
develo ping co untr ies in the late '60s were 
suc h t hat t hey cou ld const ruct th e ir ow n 
fert ilizer plan t s, espec ially fo r nit rogen 
mater ials. Ten nessee Valley Authority 
(TVA ) est imates of nit rogen cap acit y in 
19 60 show ed slight ly mo re tha n 10 
percen t of t he capacity in develop ing 
nat ions in 1965 , but th e 1975 annou nced 
capac ity increases show t hat a lmost 20 
percent of t he nit rogen product io n 
capacity will be in t he less-deve loped 
cou ntr ies. Planne d capacit y ex pans io n 
and co rrespond ing product ion cap acity 
fo r nit rogen wi ll be such t hat prod uct ion 
in 1975 will o nly slight ly exceed t he 
co nsumpt io n t rend in 1975 . 

Dahl says the T VA d id not ant icipat e� 
near sho rtag es of phospho rus and� 
pot assium in t he ear ly '70s. Such� 
sho rtages have not ye t beco me evide nt .� 
Part of th e reason is th e storab ility of� 
phos pho rus and potassium as com pared t o� 
nitrogen. Many nitrogen fe rt ilizers must� 
be co nsumed with in a few mo nth s aft er� 
they are prod uced ; bu t t he shelf life of� 
phosphates an d potash products usually� 
exc eeds a year. Inventories of phosphorous� 
and potassium apparently increased in t he� 
late '60s and on ly now are they being� 
reduced, the economist adds.� 

DAVID A. ZARKIN 

Assistant Professor 
Depa rt men t of Informa tion and 

Agricultural Journ al ism 

As t he world faces a food cr isis, ma ny 
observers ask what th e Unit ed Stat es and 
Canada wi ll do abou t it . 

" No rth Am erica now co nt ro ls a larger 
share of th e wo rld's export able supplies 
of food grains t han t he Middle East do es 
of oi l," New York Times co lumnist and 
news ana lyst Jam es Resto n recent ly noted. 

Prices of wheat , soybeans and co rn 
have more t han doub led in t he last two 
years and t he nati o ns t hat nee d food th e 
most are precise ly t hose least able to pay 
for it , he po inte d out . 

Altho ugh enormous progress has bee n 
made in increasing food productio n, 
agricu lt ura l scientis ts a re not satisfied 
e it he r. More co uld be do ne w it h mo re 
fu nd ing for research and edu catio n, t hey 
emphasize . 

To further complicate the picture, 
commercial fert ilizer has co me into 
re lat ively short supply . Fe rt ilizer costs 
have increased to th e extent t hat it is 
d ifficu lt for far mers to prod uce the 
qu ant it ies of food needed to feed a 
hu ngry world . So me far mers ca nnot 
affo rd t he inf lat ing prices. 

Ferti lizer has becom e a too l of 
int ern at io nal po licy- a power t oo l 
wit hout equa l, acco rd ing to Raymo nd 
Ewell, chemical eco no mics ex pert, in a 
recen t art icle in Farm Chemicals magazine. 
Fert ilizer d ist ributio n and managemen t 
are pivota l po int s o n which t u rn t he 
progress of nat io ns and the survival of 
po pulat io ns. Developed and less­
develo ped cou nt ries will be t ested in t he 
cald ro n of t he co ming food crisis. 
Accor d ing to Ewell, the fert ilizer inpu t­
y ield rat io cIimbs a sharply ascend ing 
curve . To obta in twice as much 
pro duct io n in develo ped co unt ries 
requires fo ur ti mes as muc h ferti lizer as 
prese nt ly used . Ewe ll pred ict s th at the 
cur rent wo rld fert ilizer shortag e will 
co nt inue ind ef initel y, but he adds t hat he 
does not t hink th e wo rld will have 
wide spread fa mine. 

Will fer t ilizer manufact ure rs meet the 
dema nd, fa il to meet d emand , or over­
prod uce and cau se a fer t ilizer glut th at 
will reverse co nt inui ng prosperi t y t rends 
for t he ind ustry? 
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AWo Id Bu d n� 
In add it ion to th e supply, t he pri ce of 

fert ilize r is anot her ingredi ent affe ct ing 
t he ab ilit y of many farmers throughout 
t he wo rld to obt ain t his mu ch-needed 
mat eria l. Fert ilizer p rices starte d t o rise 
in 1972. Prices were held from goi ng 
higher in the US by price con trol s. And 
in many other major count ries where 
fer ti lizer prices wer e co nt ro lled by 
government , Dahl says, efforts were made 
to ho ld far m level prices down by 
increasing subsidies . Such moves resul te d 
in an apparent dra matic decrease in t he 
rea l fert ilizer pr ices. Clamo r for increased 
quant it ies, especial ly for nit rogen was 
overw hel ming. Canada , a former net 
export er of nit rogen, w ithheld it s 
nit rogen f rom int ernat ional tr ade in order 
to meet interna l need s. Korea, enjoy ing a 
net ba lanc e of nit rogen for export in 197 0 
and 1971 , was fo rced to impose a 
rat ioning system fo r t he f irst ti me since 
19 65. 

With pr ice co nt ro ls in do mestic 
mar kets, US fert ilizer produce rs act ively 
so ld abroad. The Sovie t Unio n seemed to 

ho ld on to its fert ilizer. Europe and 
Ja pan enjoy ed brisk t rade at h igh prices. 
As wo rld food prices conti nu ed to 
exp lode into 1973, t he US lift ed its pr ice 
co ntro ls o n fert ilizer. Do mest ic prices 
soared. Then came t he energy cr isis whe n 
doubling an d redoubling cr ude o il pr ices 
cau sed an inc reased demand fo r natural 
gas, th e gas need ed t o ma ke nit rogen 
ferti lizer. In th e face of huge demand the 
supply of nit rogen fe rt ilizer became 
inelastic. 

Increases in feedst ock prices, pro bable 
continued increases in world food prices 
and inelast ic ferti lizer supply signal 
con tin ued fe rtilizer price increases. The 
real price of fer til izer appears to be 
increasing fo r the first ti me in two dec ades. 

Nit rogen sup plies wi ll last indefinit ely, 
but hyd rogen mu st be co mbined wit h 
nitrogen to for m ammon ia before it is 
usefu l to p lan t s, says Cu rt is J. Overdahl, 
Un iversit y of Minn esota extensio n soils 
specia list. Th e catch is that nat ural gas, 
t he low-cost so urce for hydrogen , is in 
short supply . Hyd rogen can be o bta ined 

Alo ng t he St . Lawrence sea way t he marit ime industr y-- world shippers of food and fe rt ilizer- ­
has suffe red une xpectedl y . Ship wrecks and ship pilot st rikes affect wor ld prices. Alrea dy th e dock 
pr ice of fe rt ilizer is much more th an fert ilize r manufactured an d t ransported within th is count ry . 

fro m oth er so urces, but for a higher pr ice. 
US phosphorus reserves w ill last at least 
250 yea rs, but event ually ph osphorus wi ll 
be mo re d ifficu lt t o m ine. Ther e is lit t le 
fear of running o ut of pot assium, wh ere 
the largest reser ves are in t he Soviet 
Union , Canada, East Germany , West 
Germany and the US. 

The world fertil izer situat io n is 
expecte d to have a mar ked impact o n t he 
eco no mic fat e and po litical stabilit y of 
many less-develo ped countr ies, for eign 
aid quest io ns, and t he pattern of 
agricul t ura l tr ade, say s the Minnesota so ils 
scient ist. Less-developed count r ies 
proba b ly ·w ill have to reevaluate ma ny of 
their eco nom ic an d po lit ica l goals. 
Agr icu ltu ral self-suffic iency, where it is 
possib le , w ill become more important 
th an indu stri al de velopme nt for some 
co unt r ies. Agric ult ura l research will need 
to d irect its en ergies to develo ping 
fert ilizer-saving techno logies . 

Minnesota Outlook 
The fert ilizer outlook fo r next 

yea r w ill be bad news fo r some 
Minnes ota far me rs, acco rd ing t o 
Unive rsit y of Minnesota agr icultural 
eco no mist Dale C. Dah l. 

Last year was bad eno ugh. 
Many Minnesota far mers were not 
ab le to get en ough nit rogen ferti lizer 
to meet t he ir need s, po ints ou t Dahl. 
Some far mers d id not even get 
eno ugh ph osph ate fer tili zer to meet 
th e ir need s. 

It wi ll be 1977 o r 7 8 before a ll 
of the Minnesota fa rmers w ill be 
able to buy a ll o f t he fer ti lizer t hey 
need, says Dahl. But t here is no 
tell ing at what prices t he fe rt ilizer 
will be avai lable . 

The pro b lems which are being 
enco unt ered by Minnesota farmers 
are very similar to those fo r US 
fa rmers in general. Minnesota is no t 
a produ cer of primary plant 
nutrients; therefo re , t he most 
serio us prob lem s will be high pr ices 
and imperfections in th e d istr ibut io n 
syste m . Pro babl y t he number of small 
conti nu ed on page 13 

M I NN ESOTA SC I EN CE . VOL. 30 F A L L 19 7 4 11 

0 



----.... 

51 dge a d xcess Ma urp~
 

12 MINNESOTA SCIENCE It VOL.30 

Farm and city wastes for crops can 
ease t he fert ilizer bill; but precautio ns are 
in or der: 

"Some wastes, beca use of un favorable 
physica l co nd itions and tox ic chem icals, 
are not suitab le fo r use o n land ," says 
Universit y of Minnesota so il scient ist 
William E. Larson. 

Transpo rt at ion and hand ling costs also 
limit the uses of many wastes on land , 
says Larson of UM and t he US 
Departm ent of Agricu ltu re's Agricultu ral 
Research Service. 

Wastes useful to the fa rmer inc lude 
livestock wastes, foo d -process inq wastes, 
sewage sludges, and sewage effl uents. 

Excess Manure Harmful 

Farm man ures co ntain t he major 
nutrient s fo r plant s. But some nitrogen 
may be lost as gaseo us n it roge n product s 
suc h as nitr ogen and am monia, says 
Larso n. In add itio n, for the first yea r 
after appl ication, o nly about half of th e 
organ ic nitrogen of many man ures get s 
mine ralized into available fo rms which 
can get into t he plant s. 

In sp ite of suc h lack of availability of 
so me chemicals, ot her chemicals te nd to 
accumulate: 
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Larson caut ions t hat if excessive 
amounts of manure are put o n land, t hen 
"sodiu m chloride , copper, boron, zinc, 
arsenic, manganese, various pest icides , 
and other che micals may acc umulate 
fro m some animal wastes and present 
serious co nta minat io n of soil s and waters. 
For exa mple, exceptio nally h igh rat es of 
man ure applicat ion may slow p lant 
growth. But such da ngers are red uced if 
manure is ap plied at crop- ut ilizat ion 
rat es." 

Fo r maximum prod uct io n, he says, 
many no n-legumino us crops ta ke abo ut 
200 pou nds of nitrogen per acre per year 
in far m manu res. 

Some researchers say that 100 acres of 
soi l cro pped to co nt inuous co rn would 
eff iciently use t he nitrogen in manure 
fro m 200 feeder catt le for a year, 1,000 
hogs fo r 175 da ys, 100 dai ry catt le for a 
year, 100 ,000 broilers fo r 70 days, or 
from 10 ,000 layers for a yea r. 

Other benefit s of manure include it s 
effectiveness in protecting and rebuild ing 
problem so ils such as scalped or bad ly­
eroded area s. 

Sewage-Fert ilizers Abunda nt 

Substi tutes fo r manure and 
manu factured fe rt ilizers include urban 



In ....e past, di gested sewag e slu dge was mere ly 
d sd t o get r id of it , as sho wn here. No w, 
91 . possib ilit ies for recycling inc lude irr igat ion 
with liq u id wast es, sp read ing so lid sludge with 
co nvent io nal spreade rs, or spray ing liquid 
wa ste s-sewage or ma nure- with spec ial spr aying 
eq uipment . But precautions are advised (see 
story bel o w) . 

p~ Careful 
wastes such as sewage eff luents and 
sewage sludges. 

The average US prod uction-equ ivalent 
of sewage sludge is abo ut 40 po unds per 
perso n, he says. This is rough ly a national 
produ ct io n of 200, 000 to ns of nit rogen, 
120,000 tons of phosphorus, and 150,000 
tons of pot assium. T his amount of sludge 
co nt ains app roxi mate ly 2 .5 per cent of t he 
nit rogen, 6 percent of th e phosp horus, 
and less than 1 percent of t he potassium 
of t he amou nt conta ined in co mmercial 
fert ilizers used in t he US per year. 

"Of course, it is unrealist ic to t hink 
t hat we can, in t he near fut ure, recycle 
a ll of t he wastes back to t he land fo r 
agricu ltu ral and forest prod uction," says 
the UM researcher. 

Transportat ion cost is o ne limiting 
factor to suc h recycling, he says. But 
such costs cou ld become acceptable in 
the face of severe fert ilizer sho rtages. 

Sludges Can Be Harmful 

As wit h manu res, sludges a lso co ntain 
che mica ls wh ich can acc umulate and 
becom e a hazard . Rem oving such 
chemicals is, so far , too costly to be 
pract ical, says t he Minnesota scient ist . 

Sludges co ntain metals that can dam age 
t he long-term prod uctiv ity of soils, says 
Larson . In addit ion , upt ake o f large 
amounts of tox ic meta ls cou ld be har mfu l 
to an imals and humans. 

"Sewage effluents co nta in significant 
qua ntities of nu t r ient s but in low 
concentrations; so large amounts of 
water are required to obtain enough 
nut rient s for good growth of man y no n­
legumi no us p lants," says t he UM 
scient ist. 

"B ecause of t he large amou nts of 
water requ ired , app licati o n of sewage 
eff luen t as a crop fert ilizer is most feasible 
where both the water and nut rient s are 
needed." 

On ly digested sludges should be used 
on land because of possible disease and 
odor pro blems from raw sludges. 

Specia l equipment is needed for 
spray ing liqui d waste; but so lid sludges 
can be spread like manure . 

Scientists f igure t hat no more t han 
2 inches (about 7 d ry to ns per acre or 
70 0 po unds of nit rogen) of an 
anaerob ically-digested sewage sludge 
sho uld be applied each year fo r a no n­
leguminou s crop. 

Benef it s of Sludge 

Sewage slud ge has incr eased corn 
yie lds up to 160 bushels per acre and 
increased potato yie lds up to 595 
hu nd red weig hts per ac re when applied 
to Hubbard sandy loam, says the 
Minnesota soil scientist. 

Sewage sludges a lso have bee n high ly 
effective in recla im ing no n-product ive 
land suc h as mine-spoil banks, wastes 
fro m glass facto ries, dune and d redged 
sands, covered -over garbage dumps, and 
san itary land fills. 

With proper selection, co ntro l of soi l 
acid ity or al kalinit y , crop resid ue 
management , selection of cro p, and wise 
use of the crop, ma ny slud ges can be used 
safe ly, he says. However, sludges with 
high metal contents sho u ld not be put o n 
land . 

Farmers shou ld co ntact t he ir co unty 
agents and env iro nment al off icials before 
using sludge, says t he UM scient ist . 

"W ith pro per precaut ion s co ncern ing 
heavy meta ls and toxic chemica l 
co mpos it ion, nitrate leac hing, ero sion 
losses, and un desirab le odo rs, organic 
wast es can be use d safe ly and effecti vely 
to increase t he pro duct ivity of our soils," 
says Larso n. 

Most organic wastes, when applied at 
cro p-ut ilizat io n rat es and wit h proper so il 
management , prese nt no serio us 
enviro nme nt al hazards, concludes t he 
University of Minne sot a agricu ltural 
researcher . 0 
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independent farm -inpu t suppl ies will 
decrease . A decrease has already been 
seen in 1973 in t he number of d rv­
blendi ng plant s in Minnesota. 

In a recent issue (no. 559) of t he 
Minnesota Agricultural Economist, 
economists Dahl and Winsto n W. Grant 
poi nt o ut some alternatives for easing t he 
fert ilizer situat io n : 

(1) mo d ify energy alloca t ions in favor 
of ferti lizer pro duct ion 

(2) embargo ex por ts 
(3 ) allocate fe rt ilizer 
(4) encou rage imports 
(5) est abl ish an� improved information 

syst em 
(6) work to improve scheduling in 

the transporta t ion system 

" In t he lo ng run the most feasible 
a lt ernat ives to improve the situat ion are 
increased availab ilit y of feed stocks, 
increases in produ ct ion capacit y, and 
improved use of effect ive capacity , 
espec ia lly in less-developed co unt ries," 
poi nt o ut t he Minnesota agricu ltura l 
eco no mists . 

High prices will prevai l for som e t ime, 
t hey say . Co unt ries and regio ns t hat can 
pay th e highest prices wi ll have the 
advanta ge, while some of t he poorer 
cou nt r ies, especially th e less-d eveloped 
countries, co u ld face serious sho rt ages. 

United St at es demand for n itrogen 
ferti lizers is exp ect ed to be 9 .3 million 
fo r t he 1973-74 fert ilizer year, 12 percent 
above t he previo us year's de mand , say 
t he Un iversity of Minnesot a agricult ural 
eco no mists . 

They exp ect t hat phosphat e demand 
was up 9 per cent . 

"The nitrogen supp ly pro bab ly fell 
sho rt of d eman d by as much as 5 pe rcent 
and t he phosph at e def icit likely reached 
15 percent ,"say t he Minnesota scientis ts . 
" The po ta sh sit uatio n was relat ively 
good. The most serious pro blem fo r 
potash was t ranspo rtat io n bott lenecks 
d uring cro p shipp ing peaks." 

Even t hough we are ex periencing 
ferti lizer shor tages in nit rogen and 
phos phates, 1974 use of bot h was 
grea te r th an 197 3 use, they report . In 
add it ion, applicat io n in recent years has 
bee n well above ma inte nance levels. 
Therefo re, red uct ion s in planned 
applicat ions are no t ex pec ted t o 
signif icant ly red uce crop yie lds. 

" Even t hough n it rogen and phosphat e 
prod uct io n will increase subst an t ially by 
1980 in th e US and thro ughout th e 
worl d, " say t he UM researchers, 
"s horta ges or tig ht market s can be 
ex pect ed for several years d ue to t he 
2 to 4 ye ar lag ti mes required to build 
new p lant s." 0 
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ENER GY CUTS CAN CR IPPLE 
NATION'S FOOD PRODUCT ION 

Agr icu ltu ral energy needs- abou t two 
and one-half of t he nati o n's tota l energy 
inp ut-needs to be fully understood by 
policy makers, say L. F. Nelson and W. C. 
Burro ws in a recent report to t he 
American Society of Agricu ltu ra l 
Engineers. 

" How ever, if any measure adop ted can 
lead t o a red uction in food product io n, a 
potent ially da ngerous situat io n will ex ist," 
t hey wa rn. 

Corn has t he highest energy input per 
acre, of t he major US cro ps , because of 
the high energy inputs fo r d ry ing and 
ferti lizer, th ey po int out . Ener gy for 
wheat produ ctio n varies, in part , becau se 
of t he need for fa llow in some area s. 

"The tota l energy req uirement per 
acre for soy beans is t he lowest ," when 
compa red to corn , cotto n and wheat, 
t hey say . "Th is is because soybeans do 
not requ ire nit rogen fert ilizer , nor is 
dr ying usually used. " 

From a gallon of diesel fuel equ ivalent 
can be prod uced abo ut two bushe ls of 
corn (d iesel fuel t hey describe as more 
efficie nt t han gaso line). The energy 
co nte nt of the grain harvest ed is about 
6 t imes as great as t he fossil fue l ene rgy 
input requi red to grow t he crop. On a 
whole plant basis, t he energy ret urn is 
abo ut 12 ti mes t he invest men t . 

Nelson and Bur rows, are formerly of 
t he Univer sit y of Minnesota. 

LEGUM E USE UP* 
Legume pro du ct ion has increased fro m 

17 percen t of t he total cro p ac reage in 
1930 t o 32 percent in 1970 . 
Approx imat ely one-half t he 8.8 mi llion 
to ns of nit roge n har vested f rom US 
farmlands in 1970 was symbiot ically 
fixed by legumes. Minnesota, a corn­
soybean state, has abo ut 37 percent of 
its total crop acreage in legumes. (It is 
too early to say what affect t he cur rent 
legume seed short age will have upon 
fut ure product io n. ) 

Int erseedin g of legumes is not 
pract ical in row crops, such as corn, 
wit hout great sacr ifice in cro p pro duct ion. 
But est ablishment of legum es by 
int erseed ing in cerea l cro ps is q uit e 
successful, say Un iversity of Minnesota 
scie nt ists. 

as� 
FA RMERS RECHA RGE SOIL'S 
FOSSIL FUE L* 

Cult ivat io n of prair ie grasses usually 
results in a new hu mus level lo wer than 
t he or igina l. Cult ivatio n of very sand y 
soi ls or subhumid soils under irrigatio n 
usua lly resu lt s in a hum us leve l higher 
tha n t he or iginal. 

One of the best exa mples of t he effect s 
of till age upon soil humus is t hat of 
cu lt ivated summer fallow. Research ers 
have fou nd t hat aft er 37 yea rs of 
crop ping, cultivated fallow soil s co nta ined 
33 percent less hum us t ha n soi ls unde r 
con tinuou s cro ppi ng. Our forefat hers 
t rad itiona lly overt illed the soil. T he 
ti llage increased decay of humu s and t he 
mine ralizat ion of organ ic n it roge n, 
phosphorus and ot her nut r ient s into 
fo rm s avai lable to plants. In some of the 
o lder cropping systems hu mu s can be 
regarded as a foss il fue l t hat w ill be lost 
fro m t he soil un less rep laced by 
fe rtilizat ion. 

THR EAT OF SOIL COMPACTI ON* 

Demand for earl ier spr ing til lage and 
plant ing has brought some farmers t o a 
coll ision po int with regard to soi l 
co mpact ion, says UM soil scient ist George 
R. Blake. Culprits are great er t ractor 
weights, care less fert ilizer ap p licat ion 
pract ices, and ti llage when soils are too 
wet. Soi l bearing pro pert ies, t ractor tire 
des ign effects, a lternative methods of 
performing t illage and other operat ions 
needed to care for t he crop, possibilities 
for concentrat ing mach ine traff ic, and 
rethinking t he who le of machine-use in 
crop production are in serious need of 
investigat ion, caut ions Rou se S. Farn ham, 
U of M soil scientist, who has been 
exa min ing Minnesota so ils for some 
20 yea rs . 

"During this summer's dr ought 
Farn ham observed a field of new ground 
nex t to co mpacted ground , both in corn: 

"The plan t s in t he new gro und were 
do ing we ll," he says, " but t he plant s in 
t he co mpacted grou nd , low in humus, 
were wi lting and dying. 

"I have seen mo re soi l co m paction 
pro blems th is yea r tha n in any previous 
year. This was the year that bad ti llage 
pract ices were evident . 

"Even wh en it rained the compacted 
so ils d id not ta ke u p water we ll because 
they had sealed over." 
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SURFACE CROP RESIDUES 
SHORTEN GROWIN G SEASON* 

While surface residu es will help protect 
against erosion of slo ping soi ls, Minnesota 
research resu It s ind icate t hat surfa ce 
resid ues on poorly-drained so ils reduce 
soi l t emperat ure s and may furt her short en 
Minn esota 's minimum growing seaso n. 
Wet seaso ns furt her co mplicat e the 
pro blems of poor dra inage beca use roo t 
systems of t he plants can suff er in suc h 
situations . 

Add itiona l research on poo rly-dra ined 
to somewhat- poorly-drained soi ls, at 
Waseca and elsewhere, has shown t hat no ­
t ill corn will frequent ly have a higher 
mo isture co ntent at harvest (requ iring 
mo re fu el for dry ing) t han corn which is 
co nvent iona lly ti lled . Th e additio nal 
moisture increases the amount of ene rgy 
requ ired t o grow and dr y a no-til l corn 
cro p in Minnesota, but is not as serious a 
prob le m in states wit h lon ger gro wing 
seaso ns. 

SOI L IMPROV ED WITH CORN* 
As far mers know, heavy applications 

of manure ca n help to maint a in or increase 
soil hum us. Yet it takes 20 to ns or more 
of wet manure per acre to ade qua t e ly 
mai nta in so il hum us con tent . Some 
sc ient ists cont end that early cro p 
rotat io ns and fe rt ilizer pract ices were 
ex ploit ive of so il hum us because the soils 
were under-ferti lized . Recen t work by 
UM soil sc ient ists shows th at soi l humus 
can be successfu lly maint ained or 
increased wit h well-fert ilized co nt inuous 
co rn when t he abundant crop residues are 
returned to the so il. For example, 4 tons 
or mo re of d ry corn stalks per acre has 
been show n to maint a in so il humus. 

NITROGEN LOSS PLAGUES 
MA NURE RECYCLl NG* 

With t he ex cept ion of some po ultry 
enterprizes , virt ually all an imal man ure 
wastes cur rent ly produced in Minnesota 
are bei ng returned to t he land as fert ilizers. 

Acco rd ing to man y stud ies of manure 
and nitrogen , the maximum avai lab ility of 
orga nic n it rogen to cro ps is 50 percent 
and ino rgan ic nit rogen 70 per cent . These 
same st udies est imated an average farm 
ut ilizat io n by cro ps of 35 pe rcent of t he 
orga nic nitrogen and 50 percent of t he 
inorganic nit rogen ap plied to t he so il. 
Numerous st ud ies in No rt h America 
confirm th ese ob servat ions . As much as 
70 percent of t he nit rogen and potass ium 
and 25 percent of t he phos pho rus in 
ma nures may be lost before it is hau led 
to t he f ields . 
' M o st of t h i s in f o r m at io n w as excer pted f r o m 
a resear ch o verv iew o n agricu lt u r e an d t he f ood 
and energy di lemma. T h e over vie w -based u p o n 
res u lts by ma n y r esear cher s, both in an d o ut o f 
stat e-was r ece iv ed by the ed itor fro m Pr o f essor 
Russell S. A dams, Jr . o f the D epar t m ent o f So i l 
Sci ence o f t he University o f M in nes ota . 



Research in manure, legume an d 
fert ilizer management cou ld pay grea t 
d ividend s in t he fo rm of improved ti ming 
of application , sto rage and han d ling, 
treatme nt of residue s, incorpo rat io n 
met ho ds , and machi nery . Fo r exampl e, 
20-30 percent h igher y ie lds fro m 
anhy d rous am mon ia (knifed in) t han 
from an equ al amount of amm oniu m 
nit rat e applied on t he surface in no -t ill 
co rn, have been repo rt ed . Benef its o f t he 
de ep placement of anh yd ro us ammo nia 
included de creased leaching o f n it rat e 
nit rogen over t he wint er and a greater 
f lex ibilit y in ti ming of appl icat ion so t hat 
so il com pact io n cou ld be avoi ded . 

ECONOM ICS OF CROP ROTA TI ON 
VER SUS CONT INUOUS CORN* 

Complet e reliance upo n legu mes as a 
nit rogen source co me s at considerab le 
ex pense to the farmer and at a 
co nsiderab le loss in ene rgy prod ucti on, 
say University of Minnesota agri cult ural 
scient ists. 

Various calculat ions , depend ing upon 
climate, locat io n, and cro pping system , 
have shown legume nit rogen to cost from 
50 ce nts to $1.00 per pou nd to produce. 
A cont inuo us corn ro ta t ion co u ld prod uce 
6 millio n kiloca lor ies. Whereas, a 3 year 
wheat -alfa lfa-co rn rotat io n, w ith a lfa lfa as 
the only source of nit ro gen, co uld 
produce 3.2 mi llion kiloc alo r ies, a 47 
percent reduc t ion in energy product ion if 
the alfa lfa is used only fo r nit rogen 
pro duct ion and not fed t o livestock. 

Long te rm rotatio ns supplement ed 
with nit rogen seem the most acceptable 
com pro m ise . At the current price 
situat ion a five-year rota t ion of wheat­
alfa lfa-co rn-co rn-soy beans wo uld ret urn 
abou t the same benef it s to t he farme r as 
cont inuo us corn at o n ly a 28 percent 
red uction in energy out put . If mos t of 
t he feedst uff were passed t hro ugh 
livestock, and the manure ret u rn ed t o t he 
land, then t he synthet ic n it rog en needs in 
t he five-yea r rot at ion could be essen t iall y 
eliminated . (See table at right .) However, 
in adopt ing such rotat ions ot he r problems 
must be o verco me : -+ 
- Unless t ech no logy provide s better 
means of uti lizing alfalfa as a hu man feed , 
t he five -year rotat ion ca lls for an 
expa nsion of t he livestock ind ust ry . (The 
lat ter may be inco mpat ible with the 
fo llowing :) 

- Five-year rotation ca lls fo r a majo r 
redistr ibution of livest o ck enterp r izes at 
a considera ble loss in eff iciency, wit h 
attend ant increases in meat pr ices, to 
remain economically feas ib le . 

- Legumes make much grea te r d em ands 
on soi l phosphorus, potassium, and 
ca lcium {lime}. where these ele ments are 
limit ing, and require great er fert ilizat ion 
t ha n cerea ls. 

GOOD BEAN HARV EST 
Near ly 100,000 acres o f d ry edi ble 

beans were ha rvested t h is year , acco rd ing 
to Universit y o f Minn esota plan t 
pat ho log ist Howard L. Bissonnette. 

T he beans- mostl y pinto and navy­
were gro w n fro m so ut h-cent ra l Minn esot a 
to t he Canad ian bo rde r. So me beans 
were gro w n in t he no rt h-centra l regio ns 
of the stat e wh ere d ry sand y so il 
ordi na rily wo uld not suppo rt a cro p, says 
t he UM scie nt ist . 

"Wit h t he ad vent o f irr igation , the 
north-central are a has t u rned ou t a good 
cro p," he says. 

Most of the beans are expo rt ed . 

Plant patho log ist Bissonn et t e po ints 
o ut that di sease is not yet an im portant 
limit ing fact o r fo r bea n crops in 
Minnesota . 

Diseases have been lim it ing fo r beans 
in other states . As a resu lt, so me bean 
processors come to Minn esota from states 
where d isease has serio us ly cut bea n 
y ields. 

"Whe n a bea n pro cesso r decides to 
move to a new area he mak es qu it e a 
co mmit ment in bringing h is eq u ipme nt 
and putt ing u p new pla nts," says t he UM 
sc ient ist. 

The best protection f rom dis ease is to 
bu y h igh-q uality d isease-f ree seed , says 
Bissonnette. 

Harvest ing invo lves cutting o r pulling, 
and then co mbi n ing. Best moisture 
co nt ent at ha rvest for navy bea ns is 
arou nd 18 percen t and fo r pint o beans 
around 16 perce nt . Moistur e tend s to 
prot ect t he edi ble beans fro m damage. 

FAR MERS REBUI LD SOIL* 
Decline in humus cont ent o f Minnesota 

so ils is be lieved to ha ve essent ia lly ceased 
and , in so me cases, reversed by less­

ex plo itive mo dern agricu ltu re . Impro ved� 
practi ces in t he past 20 years include:� 
- Minim um t illage practices and� 
co mbined ti llage o perat io ns systems.� 
- Incr eased cro p residues returne d to t he� 
so il.� 
- Higher fert ilizer rat es which gave great� 
increases in p lant vigo r and great return� 
of crop residu es.� 
- Applicat ion of so il conservat ion� 
measures suc h as co nt ouring, ridgi ng,� 
t erracing, and grassing waterway s.� 

Research a imed at increasing cro p 
y ield s of usabl e ca rbo hy d rat es and 
prot e ins shou ld evident ly t ake into 
account t he sto red ene rgy w it h in or ganic 
matter of t he soi l. (Cru de est ima tes place 
the energy value of organ ic matter in 
fert ile so il at t he energy co nta ined in a 
tho usand bushels o f corn. Igno ring t his 
sto rage mechan ism cou ld lead to 
unrea listi c esti mates of energy 
relat ion shi ps in t he husbandry process.) 
Organic levels in Minneso ta soi l are 50 
percent o r more of t he ir o r iginal value. 

GREEN PEA PRODUCT ION 
NEAR S 100,000 TONS 

Minne sota's 1973 pea produ ct ion is 
est imated to have been 10,000 ton s fo r 
freez ing and 90 ,000 t on s fo r canni ng (5 
and 30 pe rcent , respecti vely, o f t ota l US 
out put ). says research assi sta nt Kennet h 
M. Menz , for mer ly of t he Univers ity of 
Minnesota's Depar t ment of Agr icu lt ura l 
and Applied Eco no mics . A rec ent UM 
study suggest s that, under preva iling 
ind ustry co nd it io ns, Minnesota 's 
incr eased product ion of pea s for f reezing 
wo u ld lo wer t he tota l ind ust ry cost of 
sat isfyi ng co nsu mer de ma nd (at the 
expense of fro zen pea product ion in t he 
West). 

Men z poi nt s ou t t hat, " Recent price 
increases of com mo d it ies co mpet ing w it h 
peas fo r cropland have fo rced processor s 
to raise t he pr ice of peas pa id to growers. 

Comparison of a Five-year Rotation Versus Continuous Corn 

Net energy
vield: 
kcal/acre Unit Gross Net 

Ave. crop Best N. need: (for rumi- pr ice returnl Cost! returnl 
Y ea rs Crop vield/acre yield/acre Ibs/acre nants) (1973) acre acre- • acr e 

1 Wheat 40 bu 70 bu 100 3,557,440 $ 4.35 $304 $125 $179 

2 Alfa lfa 2 to ns 5 to ns 0 4,150,0 00 40.00 240 126 114 

3 Co rn 94 bu 130 bu 50 5,99 1,440 2.28 296 158 138 
4 Co rn 94 bu 130 bu 150 5,99 1,440 2.28 296 170 126 

5 Soybeans 29 bu 40 bu 0 2,032,800 5.22 209 131 78 

Tota l� 300 21,723 ,080 - - - - $1345 $667 $635 

5� Co nt in uous 94 bu 130 bu 850 29,957, 200 2.28 1480 875 605 
Corn 

· See footnote, page 14. 
• ' Cost per acre-All crops are charged $75 per acre land cost and cultural costs for seed, fert ilizer,
land preparat ion and harvest: wheat $50 per acre plus nit rogen fert ilizer, alfalfa $51 per acre plus
nitrogen fert ilizer, alfalfa $51 per acre, corn $75 per acre plus nitrogen fert ilizer and soybeans $56 
per acre. Nitrogen fert ilizer costs estimated at 15 cents per pound. Unit prices would have to be 
adjusted to fit current market situations. 

MINN ESOTA SCIENCE. VOL.30 FALL 1974 15 



cont inued fr om page 9 

Minnesota agricultural indu st ry 
generat ed abo ut 35 percent of our state's 
wealt h fo r a total of $5 billion in 1973. 
It may be higher in 1974, but there are 
some soft spots in t he livest ock eco no my; 
and livest ock is important to o ur to tal 
agricultural pro duct ion and income. 
Dro ught co nd it ions in sout hwest co unt ies 
may also have an impact on t ota l income. 
There are appro ximat ely 107 ,000 farms 
in our st at e . The sou thern t hird of 
Minnesot a is in t he corn be lt an d has t he 
same levels of pro duct ion and pot enti al 
as fo u nd in Iowa and other par t s of th e 
corn belt . Our agricu ltural indust ry 
provides 28 perce nt of t he sta te's 
emplo yme nt , and 23 percen t of personal 
inco me. 

Ther e are 25 million acres of prime 
agricu ltural land in Minnesota (about 43 
per cen t of o ur total land are a). Corn and 
soybeans are grown on 10 m illio n acres 
of th is land wit h wheat, oats, barley , 
alfa lfa , sugar beets, sunflowers, and 
potatoes be ing oth er major crop 
ente rp r ises. Our hor tic ult ure ind ust ry is 
relati vely sma ll, but impo rtant . New 
agr icultural development through 
irrigat ion on sand lands may add 1.5 to 
2 mi llion acre s for increased food 
produ ct ion, if t he cost -ret urn relati o nships 
are ade quate . 

Minn esota ranks t hi rd in t he nat ion's 
milk prod ucti on, with more tha n a m illion 
cows which produce nearly 10 billio n 
pound s of milk per yea r. We are fir st in 
t urkey prod uctio n. Over 6 mi llion p igs 
are fed annua lly. Our beef indust ry is 
increasing alth ough t hat may not be true 
for lon g if pr ices stay as t hey are at the 
farm. 

Minnesot a agriculture is very d iverse: 
th ere are relati vely small farms in t he 
sout heas t and no rt h ce ntra l areas t o the 
ext remely large grain farms of t he Red 

,. 

A Soviet sh ip with US go ods at the Port of Dulut h prep ares for her tr ip ho me. 

River Valley in the no rt hwest and th e 
large co rn and soybean farm s in the 
sout hwest port ion of t he stat e . 

Research Benefits 

Researc h programs have made 
signif icant co nt ribut ions to Minnesota 
agr iculture, US, and world agr icu lture: By 
th e early 1920s , resear ch on hy br id co rn 
set t he stage for a t remendous produ cti on 
explosio n. Whea t stem and leaf rust 
research proved without a doubt t hat rust 
organisms hybr idize in nature . (One 
solution for the rust probl em is to dev elop 
plant resistance that lasts 5 to 10 
vea rs.) Ear ly work o n art ific ial 
inse minat ion , freezing of semen, and ova 
t ranspla nti on made great str ides po ssible 
in the livest ock and turkey ind ust ry . 
(This bas ic work a lso led to im pro ved 
met hods in o rgan t ransp lantation .) 

Minnesota Agricultural 
Experiment Stat io n 

A new hard red spring semi-dwarf 
wheat variety, Era , was grown on nearly 
900,000 acres in 1973. It yie lded about 
6 bushe ls mor e pe r acre t ha n st anda rd 
varieties. This resu lted in $ 26 million of 
add iti o nal inco me to fa rmers, plus an 
additiona l $ 12-$ 15 m illion income for 
transpo rtati on, milling , bak ing, and sales. 
Nearly 27 million mor e loaves of bread 
were prod uced fro m t his added 
pr odu cti on. 

New soy bean var ieties released t his 
year, Hodgson and Evans, w ill be planted 
on about 2 million ac res by 1976. The 
extra yield of th ese variet ies wi ll pro duce 
enough prot ein to meet t he need s of over 
1 million peo ple fo r a year. 

Minneso ta can be proud of it s 
agr icu ltural heri tage as well as its modern 
food-prod uct io n ca pabi lities. 0 
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