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The Minnesota Fertilizer Industry: Trends and Prospects 

I. Introduction 

Situation 

The growth of the Minn esota fertilizer industry may 
be separated into th ree historical periods: ( 1 ) before 
1940, (2 ) 1940-1955, and (3) 1955 to the present. Before 
1940, a low and fairly stable level of fertilizer usage 
existed in Minnesota ( figure 1 ). From 1940 to 1955, usage 
increased substantially, but fertilizer distribution chan ­
nels did not chan ge significantly. After 1955, tonnage 
consumption of fertilizer increased even mor e. Unique 
to this period, however, new channels of fertilizer distri­
bution developed. 
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Source: Divi sion of Agrono my Serv ices, M inn esota Dep ar tment of 
Ag ricu lt ure. 

Fi gure 1. Th ousands of t ons of f ertilizer sold for usage in Minnesota, 
1927-67. 

Before 1955, pr oducers of primary nutrients (nitrogen, 
N; phosphate, P205; and potash , K20 ) were concentra ted 
in specific areas of the United States. From these locat ions 
they supplied primary materials to fer tilizer manufactur­
ers in Minnesota and sur rounding states. Manufacturers 
combined the materials into grades of mixed fertilizers 
and bagged them for retail d istribut ion. Retail outlets, 
such as count ry gra in elevators, creameries , and farm 
supply stores distributed fertilizers to the farm er-customer. 
Some straight (unmixed ) fer tilizer materials followed the 
same patt ern . Even after 1940, with sta te fertili zer usage 
increasing, there was lit tle deviation from these distribu­
tion patterns. 

After 1955, small blending operations became techni­
cally feasible. These plants in areas of heavy fertilizer 
consumption mixed primary mat erials accord ing to the 
farmer's spe cific soil types and cropping practices. Th e 
primary fertilizer producers supplied di rectly the local 
blending plants as well as the centralized ma nufacturers. 
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Th e successful developm ent of this d istribution meth od 
reduced the sha re of fertilizer handl ed th rou gh pr e-exist­
ing d istribution channe ls. 

Some of th e questions raised afte r these developments 
wer e informational and referr ed to consumption: What 
were the fertilizer usage trends in Minn esota? How do 
they compare with trends in oth er North Centra l states 
and the nation? Which fertilizer grades and ratios in­
creased most in sales? Wh at were the sta te's geographic 
patterns of fer tilizer consu mption? What caused these 
changes in fertilizer use? 

Ot her qu estions were concerne d with the distribution 
changes : How many new plants have opened in recent 
years? How man y of these are own ed cooperatively and 
how mu ch fertilizer do cooperatives handle? What are 
the geographic patterns of plants, and how do they cor­
respond to the geographic patterns of fertili zer use? 

Still other qu estions were raised about the effects of 
these changes: How much fertilizer can be expected to be 
consumed in fu tur e years? How is thi s expected to be 
distributed geographically? How might such usage trends 
furth er influence fertilizer distribution meth ods? How 
will these develop ments affect rura l indu str ial and agri­
cu ltural growth? 

Objectives 

These questions cannot be answered without extensive 
research. A descriptive analysis of fert ilizer usage and 
distribution based upon availa ble published and unpub­
lished da ta provides some answers, how ever . The general 
purp ose of this report is to pro vide this analysis. Th e spe­
cific purposes are to : 

1.� identify fertilizer usage trends in Minnesota by 
ana lysis, geographic are a, and , where possible, dis­
tribution outlet; 

2. isolate cha nges in fertilizer manu facturing and dis­
tribution in numbers of firms and plants and the ir 
loca tions and relate these changes to consumption 
patterns; and 

3.� project, under various assumptions, future con­
sumption patterns, and assess their probable im­
pact upon the fertilizer distr ibution cha nnels in 
the state. 

Procedures and Data 

This st udy focuses upon Minnesota's consumption pat­
terns and businesses. Data from other st ates are presented 
occasionally for comparison. The study deals pr imarily 
with the last 10 years, spec ifically 1960 and 1964, in certain 
dimensions. 

Within th ese geographic and temporal limits, numer­
ous government and business data and research reports 
were re viewed for informa tion about changes in fertilizer 
consump tion and distribution pattern s.' Much of the dat a 
in this report, however , is from unpublished data reports 

1 A ci te d bibliog ra phy is i nc luded in t h is re port. A m o re ex t ensive 
bi b li og raphy is avai la bl e u po n req uest. 



made available for this study by the Division of Agron ­ cent more th an in 1964. Minn esota farm ers spent about 
omy Services of the Minnesota Department of Agriculture. $78 million on fer tilizer in 1967. 
These data summarize annual tonnage and license reports Fertilizer use since 1955 has grown faster in Minn e­
filed by firms and plants selling fertilizer in Minn esota." sota than in the other North Central sta tes or the Un ited 
Other sourc es are the 1959 and 1964 Censuses of Agric ul­ States (table 1). In 1955, Minn esota used 5.6 percent of 
ture, which derive most of the information from a sample the fertil izer consumed in the North Central states and 
of farms. 1.6 percent of the fertilizer used in th e continent al United 

Sta tes. By 1969, the figures had increased to 9,7 percent 
and 4.0 percent, respectively. Minn esota st ill lags behind II. Patterns of Fertilizer Usage 
the oth er North Centra l sta tes in po unds of fertilizer used 

Consumption Trends per harvested acre. Minn esota's mor e rapid growth rate, 
A long-term upward trend in fertili zer use in Minn e­ however, suggests th at the state acre-usage ratio soon may 

sota began in 1940 with 15 thou sand tons, reached 370 get closer to thos e of other North Central states . 
thousand tons in 1955, 800 thousand tons in 1965, and 

USAGE TRENDS BY ANALYSIS over 1.5 million tons by the year end ing Jun e 30, 1969 
( figure 1 ) . Consumption in 1969 was 314 percent more "Tonnage" figures underestim ate the growth of Minn e­
than in 1955, 187 percent more than in 1960, and 110 per- sota's fertilizer usage, A bet ter estimate is recent growth 

in the� use of plant nu trients ( N, PZ0 5' K20 ). The faster 
:2 The state agency req u ires t onnage repo rt s from a ll f irms, regardless 

of loc at ion . t hat se ll fert i lizer mat eri a ls or m i xt u res to m an uf acturers. d is­ growth ra te for p lant nu trient usage is due to incr eased 
t r i butors. or fin a l co nsumers in M in nesota (see Minnesota Statu te s. Cha p­
t er 559, as am ende d 1955, 1959, and 196 3).� use of higher analysis fertilizers ( table 2). For example, 

Table 1. Tons of mixtures and materials used and percentage change from previous period, Minnesota, North Central 
states, and United States , 1955, 1960·69. 

Minnesota� Nort h Central states Cont inental U.S. 

Thousand Percent Thousand Percent Thousand Percent 
Year ':' to ns change ton s change tons change 

19 55� · . .. . . . . . 37 3 6 ,701 22 ,284 
1960� · . . .... . . 538 + 44 .0 7 ,651 + 14 .0 24,50 1 9 .9 + 
1961 · .. . .. . . . 55 8 + 3.7 8, 176 + 6.8 25, 163 + 4. 0 
1962 · . .. . . . . . 560 + .3 8,428 + 3 .0 26, 194 + 4. 0 
1963 · ... . .... 61 5 + 9 .8 9,846 + 16 .8 28,535 + 8 .9 
1964 · . .. . .. . . 73 3 + 19 .2 10, 92 8 + 11.0 30,3 15 6 .2 + 
196 5 · ... .. . . . 799t + 9. 0 10 ,976 + .4 30, 92 5 + 2.0 
196 6 · . . . .. . . . 852 + 6 .6 13 ,55 4 +23.4 34 ,158 +10.5 
1967 · ...... .. 1,111 + 30.4 15,31 4 + 12.9 36 ,718 + 7. 5 
1968 · .. . .. . . . 1,238 + 11.1 16, 127 + 5.3 38 ,383 + 4 .0 
1969 · . . . . . . . . 1,54 5 +24 .7 15,9 16 - 1.3 38,365 0 
Sourc e:� 19 64 Fertil izer Su mmary Dat a by Sta te s and Geograph ic A reas . Nationa l Ferti l izer Devel op m ent Cent er , Tennes see Va ll ey A ut horit y , M usc le 

Sho a ls, A la ba m a. and Wal te r Scholl and ot her s, " Consum p t ion of Com mercial Fert ilizers and Pr im ary Pl ant Nutrient s in the U.S. Year End ed 
June 3D, 19 64," Commercia l Fer t i li zer an d Plan t Foo d Industry , May. 19 65. 

o Fisc al period, July 1 to June 30. 
t� Figures f or 19 65·6 9 are f rom Cons umption 0 1 Com merc ia l Fert i l izers in the Un it ed Sta tes . U.S.D .A ., St at isti ca l Repo rt i ng Serv ic e, Repo rt Sp Cr 7 (5 · 

68 ). a nd Sp Cr 7 (11·66). 

Table 2. Tons of plant nutrients used and percentage change fr om previous period, Minnesota, Nort h Central 
states, and United States, 1955, 1960·69. 

Minnesota� North Cent ral states Cont inental U.S. 

Percent Percent Percent 
Year Tons change Tons change Tons change 

19 55� · . . . . . . . . . . . . 156 ,987 2 ,26 5,834 5,995 ,410� 
1960 · ... .... . .. . . 236 ,685 + 50.7 2 ,882 ,548 +27.2 7 ,350 ,155 + 22.6� 
19 61 · . . . . . . . . . . . . 252,87 5 + 6 .8 3, 106 ,768 + 7 .8 7,718 ,87 0 + 5.6� 
1962 · . . . .. . .. . . . . 256 ,179 + 1.3 3, 3 5 1,094 + 7 .8 8,304,573 + 7 .6� 
1963 · . . . .. . . . . . .. 295, 123 + 15.0 4, 046,420 + 20.7 9 ,392 ,63 7 + 13 .1� 
1964 · . . . . . . . . . . . . 364 ,935 +23.7 4 ,7 10 ,764 + 16 .4 10 ,3 54 ,533 + 10.2� 
1965 · . . . .. . . .. . . . 402 ,946 + 10 .4 4,938,632 + 4. 8 10, 830,660 + 4 .6� 
1966 · .. . . . .. . . . . . 4 26 ,166 + 5.8 6 ,160 ,61 5 + 24 .7 12 ,3 18,1 56 + 13 .8� 
1967 · . . . . . ..... . . 574,369 + 34 .8 7 ,21 2 ,962 + 17 .1 13 ,850,560 + 12.4� 
1968 · . . . . . . . . . . . . 66 2,116 + 15.2 7 ,880 ,53 6 + 9.2 14 ,911 ,160 + 7 .6� 
19 69 · . . . . . . . .. . . . 835,464 + 26 .2 7 ,833 ,132 .7 15 ,177 ,473 + 1.7� 
Sourc e: See ta b le 1. 
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is the tonnage of each plant nutrient recommende d. In 
figures 17, 18, and 19, each county is allocated its sha re of 
the projected tonnage of each plant nutrient on the basis 
of its fertilizer recommend ation. Thi s projected tonnage 
of nutrient s by count y is significant for counties that will 
move approximately with the sta te average to close the 
fertili ty gap . Counties with relati vely small fertility gaps 
may reach their projected tonn age figures earlier than 
1975. 

Summary and Conclusions 

The outlook for Minn esota's fertili zer industry is opti­
mistic. Th e industry, a positive factor in th e Minnesota 
economy, appears to be in the midst of dyn am ic growth. +An unde rlying reason for thi s growth is the nature of soil 
fertility as a fac tor of crop production. Unlike weather, 

Key Tonn. Rangn
disease, and insects, soil fert ility is a complete ly control­ 0 - 999 
labl e factor in crop production. Fertilizers will be applied 1,000 - 2.999 

3,000 - 6,999 to an increasing number of acres to eliminate fertility as 7.000 - 9.999 
10.000 and over iiia limiting fact or of production. Along with dramat ic in­

creases in fert ilizer use, several trend s are expec ted to 
continue. 

In creased use of still higher analysis fertilizers is pos­
sible due to fertilizer industry research. Some tapering off 
of this tr end will result when combining nutrient proper­
ties becomes limiting. 

Figure 18. Projected (19751 tonnage of P20 5 allocated to counties on 
the basis of relative P205 needs in 1964. 

Key Tonn age Rengn 
0 - 999 

1.000 - 2,999 
3,000 - 6,999 
7,000 - 9,999 

10.000 aNI over iii 

Note: Zero projected'tonnage for some count ies indicates that KzOneeds 
are quite small rather than no use of K20 . 

Figure 17. Projected (1975) tonnage of N allocated to counties on the Figure 19. Projected (1975) tonnage of K20 allocated to counties on 
basis of relative N needs in 1964. the basis of relative K20 5 needs in 1964. 
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Th e nitrogen segment of th e industr y should grow at 
an increasing rat e and somewha t faster th an the ph os­
ph ate or potash seg ment. This growth may result par­
tially from th e tr emendous fertility gap for nitrogen , th e 
slightly downward tr end in pri ce, and changes in crop ­
pin g practices th at make nitrogen more economical to 
purchase th an to ra ise as legume green manure crop s. 

Bulk blending, and with it th e use of straight mate­
rials, probabl y will increase in importance . Th e three 
basic reasons for thi s increase are : 

1. Blended fertili zers have an inh erent economic ad­
vantag e du e to low production and distribution 
costs. 

2.� Th e demand for services at th e local level posit ive­
ly affects blend ing operations and is consistent with 
th e increasing specialization in agr iculture. 

3.� Materials and eq uipment used will improve, elimi­
nati ng most particle segrega tion problems. 

Th e prob able locati on of future p lants is uncertain . 
However, new plants may be located wh ere relat ively 
larg e fert ility gap counties are near areas with relatively 
small fertil ity gaps. 

Because of new materials, th e role of blending pl ants 
in the more distant future could change. Mat erials from 
complex chemical combinations, now being developed, 
could supplant some of th e need for ph ysical blendi ng. 
Rep lacing some ph ysical blendi ng will be th e extended 
need for bulk handling and spread ing. Change in fertil­
izer recomm end at ions and fertilizing pr actices may be an 
accompanying force. Wh ile th e above cha nges are specu­
lative, they are being considered in th e fertilizer industry. 

Bulk-m ixed grad es will continue to replace bagged 
fe rtili zers, conceivably until nearly all farm-u sed fer tilizer 
is handl ed in bulk. Two reasons for th is movement may 
be that: ( 1) definite economies are gained by elim inating 
bags and the baggin g opera tion and (2 ) mechanized han­
dli ng of bulk fertilizer saves labor at all distribution levels. 

Growth of mixed liquids is somewhat uncertain al­
though new materials and met hods may boost th e mixed 
liqu id business. 

Underlying current consumption and distribu tion 
tr ends are some aggressive, scientifically based marketing 
and pro mot ional efforts. Th ese efforts are undertaken 
genera lly by large firms, some of th em relatively new to 
th e agr icultura l field . One result is th e appearance of 
complete agriculture service centers wh ich inclu de fer­
tilizer as one of man y products and associated services. 
This activity cannot be projected with any assur ance. 
However, the tendency is strong for mark etin g and pro­
motion to become increasingly agg ressive and have an 
improved technological base. 

Th e above-mentioned trends assume th at fede ral crop 
programs will be somewhat consistent with recent ones. 
Dr astic changes could al ter th e patt ern of fertilizer de­
mand . F urther increased crop production from increased 
fertilizer use will be consu med at least partly by popula­
t ion increases and by an increased dem and for poultry 
and meats. Crop production in excess of these demand 
factors could cause further surp lus problems. 

Th e growth of th e fertilizer industr y is causing some 
modest rur al economic development. This development 
comes from two basic sources: ( 1) th e rura l locat ion of 
bl ending plants, liquid mix plants, and other opera tions 
providing local employment and additional operational 

25 

expenditures, whic h contr ibute to th e overa ll bu siness 
volume of a trade center and ( 2) increased farm produc­
tion and income resulting from adeq uate rates of fertilizer 
also increas ing doll ar expenditures and business volume 
in a community. 
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Appendices 

Fertilizer D emand Analysis 

Two major reasons for fertilizer consumption changes, 
a fertility gap and ed ucational and promotional activities, 
were discussed in th e previous section. Technical discus­
sion of the four other major reasons follows. 

PRI CE ANALYSIS 

Considerable work has been don e on fertilizer demand. 
Research largely attempted to : ( 1 ) explain quant itatively 
the changes in fertilizer demand on a national or regional 
basis or (2) develop and test a methodological procedure 
for predicting ferti lizer use. Because such analysis em­
ployed aggreg ated tim e series data, many variables were 
not included. 

Griliches, studying the United Stat es from 1911 to 
1956, hypothesized that the increase in fertilizer use could 
be explained largely by the decline in the "real" pri ce of 
fertilizer. He defined the "real" price of fertilizer as the 
price paid per unit of plant nutrient d ivided by an index 
of pri ces received for all crops. Accor din g to his regres­
sion model, expressed in logs, the log of fertilizer tonnage 
use was a linear fun ction of th e log of real pr ice and the 
log of "lagged fertil izer" use. Gril iches interpreted the 
results from his analysis to support his hyp othesis." In 
later ana lysis, Gr iliches foun d th at disaggregating the fer­
tilizer study by regions and plant nutrien ts result ed in the 
sam e gene ral conclu sions." 

Anot her economist drew differ ent inferences from the 
same data , there by caution ing against oversimplifying the 
interpr etation of increased fertilizer use as resulting pri­
marily from a decrease in th e real price.50 

57 Gr i l iches, Zv i, " The Dem and for Fertili ze r-An Econom ic lnterpret a­
tion of a Tec hn ical Chan ge ," Journal of Farm Economics, Vol. 40 , No. 3, 
Aug ust , 19 58. 

es Gri liches, Zv i , " Dist r i but ed Lag s, Disagg reg at ion , an d Regional De­
m an d Fun ct ions of Fert i l izer," Journal of Farm Eco nom ics, Vol. 4 1, No . 1, 
February 1959 , pp. 90 -102. 

5' Rens haw, Edw ard F., " Dist r i b ut ed La g s, Te chnolog ical Change and 
t he De ma nd f or Fer t il izer ," Journ a l of Far m Econom ics, Volum e 43 , No. 
4, November , 196 1, p. 955. 



Heady and Yeh develop ed national and regional de­
mand functions for fertil izer using time ser ies data for 
1926-1956.6 0 Th ey developed a regression model using 
total tons of commercial fertilizer, N, P20 S, and K20 as 
dependent variables. Th ey int ended to provide inform a­
tion on factor demand that could be used for predictive 
purposes. Th e variables considered were: ( 1 ) a fertilizer 
price index at p lanting time, ( 2) an average crop price 
index lagged l year, (3 ) cash receipt s from farmi ng lagged 
1 year, (4 ) time, and ( 5 ) income. For their model, they 
assumed that the crop p rice of the pr evious year served 
as an expecta tion for the presen t year. 

Results for the region that included Minnesota ind i­
cated that the fertilizer pr ice ind ex, cash receipts from 
farm ing, and time were sta tistically significant variab les, 
The significance of the price ind ex suggested that farmers 
were price conscious; this finding supported pr eviou s 
studies and theoretical conside rations. Substantial decline 
in the real fertilizer price was a major factor in increased 
fertilizer use. Cash receipts from farming may be a vari­
abl e that represents the income effect, the farm er 's liquid 
asset position, and changes in crop pri ces. Th e elasticity 
coeffi cient of the tim e variable was significant at the 1 
percent level, suggesting a significant upward shift in the 
demand function associated with time. H eady and Yeh 
suggested that the time variable was a "catchall" in a re­
gression model based on time series. However, they also 
believe that it imp ortantly represented increased use of 
technological knowledge by farmers over time. Wh ile this 
conclusion was difficult to quantify, it was consistent with 
the increased developm ent and application of technical 
factors that affected the rapid increase in fertil izer use 
over the past two decades. 

The regression coeffi cient for cropland acreage was 
negative, pe rhaps ind icat ing a substitution of fertilizer 
for land . While th is situation was obviously tru e in a 
techni cal sense, Head y and Yeh suggested that this sub­
st itution was related to sporadic government control pro­
grams which paid far mers to take land out of produ ction. 
Therefore, a general hypoth esis suggested that farmers 
mad e up redu ced acreage by applying additional fertil-. 
izer and other techn ological inputs to land in pro duction. 

A subsequent study included the years 1926-1960.6 1 The 
variables were the same as those used by Heady and Yeh 
altho ugh others were added. Because of the intercorre­
lation among important variables, Heady and Tweeten 
believed that demand functions could not be specified 
enough to isolate quantitatively the absolute or relative 
effects of these seve ral variab les. Their interpretat ion of 
the time variable expresse d some of th ese effects. 

Heady and Tweeten found that fertilizer usage in­
creased even when the fertil izer-crop pri ce ratio leveled 
off somewhat after 1950. The findin g indicated the impor ­
tance of nonprice factors in fertilizer demand. Techno­
logical factors apparently \ 'ere as important as price var i­
ables in determining fertilizer demand. Microaspects of 
fertilizer usage also supported th is hypothesis. 

In a study similar to that by Heady and Yeh, Brake 
furt her recognized the importance of certain "unquantifi­
able" var iabl es in fertilizer demand : 

00 Heady, E. 0 ., and Ma rt in H. Yeh , " Nat ion a l a nd Reg iona l De mand 
Fu nct ion for Fert ilize r," Jo urna l of Fa rm Econom ics , Vol. 41 , No.2, Ma y 
1959. 

•, Heady a nd Twee le n, c hapte r 7. 

"It is the author's impression that effects of technolog­
ical changes, levels of knowled ge and governmental 
progra ms have been of mu ch importance and the es­
timate s of the effects of the specifically conside red 
economic variables are over-estimates."62 

Brake doubted that fert ilizer usage would ret urn to levels 
of some previous period even if previous levels of pr ices 
prevailed , allowing for nonincluded variables. 

T ECHNI CAL FACTORS 

When determining demand quantitat ively, research­
ers suggested that great technological knowled ge came 
to farm ers in a way that was closely correlated to a time 
variable in regression." For thi s study , technical knowl­
edge was divided into two separate ph enomena: ( 1) 
technical factors and closely associated factors and ( 2) 
adoption of th is techn ology du e to improved knowledge. 

Technical factors can be divided into three general 
categories:6 4 ( 1) innovations in agricultural produ ct ion 
that int eract positively with increased use of fertili zer in 
increasing crop yields, (2) changes in th e fertilizer re­
source product or its ap plication that allow it to be trans­
form ed into crop yield at an increased ra te, and ( 3) the 
depletion of soil nutrients over time whe re fertili zer is 
not applied, resulti ng in a relatively greater crop yield 
response to applied nutrients. 

Of the inn ovations, improved crop varieties are prob­
ably th e most eas ily recognized . As a crop's inherent ca­
pacity to produce increases, increased fertility supple­
ments must be added to the soil if a new variety is to 
reach its p roductive potential. High plant popu lation , 
whi le depend ing somewhat on ada ptable varieties, and 
irrigation are othe r innovations requiring additional fer­
tilizer for successful implementation. In general, these 
factors cause th e marginal value product of fertilizer to 
increase at h igh er rates of application; thus, they interact 
positively with fertilizer to increase yields. 

Th e second category of technical factors includes fac­
tors that increased marginal value productivity due to 
techn ological improvements in fertilizer itself or its meth­
od of use. Several fert ilizer production techniques devel­
oped over the year s make fertilizer more available to crops 
than it was before, Improvements in the chemical and phy­
sical combination of the fertilizer product have been im­
portant. With continued effort by the industry , new 
agronomic materi als probably will increase the overall 
effi ciency of fertilizer.65 

The tr ends in fertilizer application methods arose from 
an agronomic need but generally were conductive to in­
creased fertilizer rates. Earl y equipment for applying 
row fertilizer had limited application rates which could 
be applied without causing adverse effects. Equipment 
for band application improved fert ilizer effi ciency and 
allowed use of higher rates. Broadcasting fertilizer, where 
practical, becam e more popular as well eng inee red equip­
ment was emp loyed and uni form application became 

ea Bra ke , J . R., " Fe rt ilize r Demand in t he Sout h Atla nt ic a nd Eas t 
Nort h Ce nt ral Region ," Jo urnal o f Fa rm Eco nomics , Vol. 4 2, No. 3, Au­
g us t , 196 0 , p. 676. 

&1 He ady a nd Yeh. 
•• He a dy . E. 0 ., a n d Ma rt in Yeh, " Fa cto rs Re lat ing to U.S. a nd Re ­

g ional Demand for Fer t ilizer," Commercial Fe rt ilizer & Pla nt Food In d us­
t ry. Ma rc h , 1960. 

"" Nelson, L. B., "New Fe rt ilize r on the Hor izon ," Crops a nd So ils , 
16:78, Apri l, 1964. 
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possibl e. While thi s meth od may not have caused a more 
effi cient conversion of fertilizer int o crops, it substantially 
reduced the labor cost of fertilizer applica tion and prob­
ably imp roved overall efficiency. Broadcastin g fer tilizer 
apparently is becoming a parti al substitute for band ap­
plicati on. Thi s practice genera lly is used wh ere a high 
level of soil fert ility is desired. Th e carryover effect for 
use by succeeding years' crops probabl y is now well rec­
ognized so some cost of a broadcast ap plica tion can be 
ascr ibe d to subsequent years. "Pop up" fertilizer, an inno­
vation, makes broadcasting most of the fer tilizer even 
mor e practical." The use of narrow corn row s also en­
cour ages growers to view broadcast with "pop up" fer­
tilizer . 

The depl et ion of nut rients over time no doubt resu lts 
in a greater response to fertilizer on un fertilized soil th e 
longer it is farmed (o r mined ). But this factor is relati vely 
less imp ort ant tod ay th an it was during th e earlier growth 
stages of the ind ustry. A related situation - where total 
nu trients removed from soil by crops are gre ater than 
additions from fertilizer and other sources - may be of 
growing importance. Th e degree which crops can d raw 
on th e soil's fertility stores may grad ually di min ish. Thus, 
for maximu m profi t produ ction and sustained yield, the 
quantities of nutrients applied must nearl y mat ch th e 
quan tities removed by cropping. 

UNCE RTAINTY Ai TD nrs« IN F ERTI LI ZER USE 

Altho ugh the purpose of discussing risk and uncer­
tainty in fert ilizer demand ana lysis may seem obscure, its 
effect on some obvious de terminants of demand warran ts 
consideration. 

Som e risk and uncertainty is inheren t in agricultural 
production. Th erefore, the profitabili ty of using a re­
source such as fert ilizer is clou ded somewhat by these 
elements of risk and uncerta inty. To delineate precisely 
between a risk facto r and a situation involving uncertain­
ty is diffi cult."7 In general, a certain type of decision may 
invo lve risk for which the probability of results is known. 
However, for a specific decision, the situation may be 
unique and difficult to apply on an a priori probability. 
Fertilizer use normally involves economi c uncer taint y. 

The source of economic uncertainty prob abl y has two 
compo nents. Th e first arises from imp erfect knowledg e. 
Because the decisionmaker's experiences do not include 
the entire body of knowledge ava ilabl e, his decision allows 
a "margin of safety" to prevent loss. Presumably, knowl­
edg e can be imp roved and th is component of uncertainty 
red uced . 

The second component is th e uncertainty th at arises 
from exogenous factors beyond the decisionmaker's con­
trol. Some of th ese Iactors'" are : ( 1) un pred ictabl e p rice 
variab ility, (2 ) weather variab ility , ( 3) uncertain re­
sponses from new produ ct ion techniq ues or methods, (4) 
govern ment policies (closely associa ted with p rice ) , and 

ee " Po p-u p Fer t i li zer St arts Corn Off Fast ," Farm J ou rnal , Mar ch, 1966. 
p p. 4 0, 76. 

.7As rec ognized by F. H. Knig ht , "risk " in volves measurabl e uncer ­
t a int y where t he dist r i but ion of outcome in a g ro up of i nst ances is kn own. 
But "uncert ainty" is unmeasu rabl e where the situa tion is uniq ue. Risk, 
Un certa int y an d Prof it , Ho ughton Mi ff l i n Co., Bo st on , M ass., 192 1, p. 18 . 

es Heady, E. 0 ., an d H. R. Jensen , Far m Man agement Econom ics, Pr en­
t ic e Hal l Incorporat ed, New Yor k, New York, 19 54 , p. 51 6. 
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(5) actions of other people associa ted with the farm bu si­
ness such as a bank er or landlord. Since price supports 
for major farm crops genera lly are estab lished before the 
decision is mad e to fertilize, gove rn men t poli cy as an un­
certa inty factor is becomin g less import ant. But weather 
unc ertainty, response uncertainty, and actions of other 
people remain as sources of un certainty, with the first two 
probabl y of primary imp ort ance. 

Weat her unc ertaint y and response uncertainty under 
given weathe r cond itions can be lumped together under 
th e probl em of va riab le fertili zer p rod uction fun ctions. 
Recomm end ed fertili zed use levels often are made as if 
th e yie ld respons e to th e fertilizer input is single valu ed ." 
Un fortunately, this situa tion is not tru e. Undoubtedly, a 
series of fer tilizer response fun ctions are created by vari­
able weather and other, sometimes unknown , conditions. 

Th e effect of th is multivalued production fun ction on 
individual farm dem and for fertilizer de pends grea tly on: 
( 1 ) man agement pract ices, (2) capita l availability , and 
(3) th e manager's psychological makeup about risk aver­
sion. A sup erior manager using op timum agricultura l 
practices has a higher probability of producing on a high 
response curve than does a poor manager. Th erefore, high 
rates of fertili zer gene rally are most profitable for the 
supe rior manager ." Similarly, th e operator with unlim ited 
capital can mor e profitably use high fertilizer levels than 
can th e opera tor who mus t divide his limited capita l be­
twe en alternative resources. Th e tend ency to mini mize 
the probabil ity of a capital loss un der adverse weather 
cond itions has a damp ening effect on fertilizer demand. 

Tr ends in manageri a l abilit ies or knowledge, capita l 
availability, and confidence of large rewards from ferti ­
lizer use are important aspects of the effect un certainty 
has on fertilizer de mand. Also imp or tant is th e rate at 
wh ich uncertainty arising from imper fect knowledg e can 
be reduced . Th is latt er facto r concerns both the farm er 's 
decisionm aking and th e impact of extended agronomic­
economic research . 

CAPITAL AVAILABILITY AND USE 

Use of Fer tilizer requi res substantial capita l expendi­
tur e. Sources of such production cap ita l for purchasing 
fert ilizer (or any input ) gene rally are gross farm income, 
equity assets, or credi t. But wh at constraints exist on th e 
use of capita l from these sourc es and how do th ey affect 
fertil izer demand? 

Th is concep t usua lly is call ed capital rationin g. Two 
types of capital ra tioning exist for agriculture : external 
and interna ]."! As previously impli ed , th e capital limita­
tion results in a deviation from the th eoretical behavior 
of the firm that th e necessary amou nts of a resource 
( money ) can and will be bough t at th e going mark et 
pr ice. Thus, is it possible that fertilizer is used at a sub­
optimum level because of capita l rationing in one form 
or another? 

66 Bau m, E. L., E. O. Head y , and John B lackmore, Methodo logical 
Pr ocedures in the Economic Ana ly sis of Fertil izer Use Data, Iowa Sta t e 
Co ll eg e Press, Am es , Iowa, 1956, p . 8. 

,6 Ib id ., p. 163. 
11 Sch ultz, T. W., T he Econ om ic Organ ization of Agricu lt ure. McGraw 

H ill , New York , New Yo rk , 195 3, p. 306 . 



Table 4. - (continued) 

1959 1964 
Act ual 50 Actual 

Ton s to ns percent tons 
County and crop recommended appl ied Gap nut rient applied Gap 

ST. LOUIS 
Hay & past ure 26,824 476 26,348 19,360 286 19,074 
Corn 9 17 - 8 14 27 - 13 
Soy beans 
Potatoes 129 69 60 133 138 -5 
Ot her 1,171 280 891 948 546 402 

TOTA L 28,133 ------s42 27,29 1 20,455 -----ggy 19,458 

SCOTT 
~& pa s t ure 4,520 548 3,972 4,253 215 4,038 

Corn 9,788 2,4f4 7,3 64 6,702 2,420 4,28 2 
Soybeans 423 45 378 590 17 573 
Potato es 6 6 33 3 
Ot her 4,978 225 4,753 3,092 80 3,012 

TOTAL 19,715 3,242 16,473 14,640 2,7 32 11,908 

SHERBUR NE 
Hay & pastu re 8,007 484 7,52 3 7,060 340 6,720 
Corn 5,997 2,438 3,559 3,739 2,595 1,144 
Soy beans 1,338 67 1,271 1,061 9 1 970 
Potato es 334 305 29 478 524 -46 
Ot her 2,44 0 467 1,973 2,160 487 1,67 3 

TOTAL 18,116 3,76 1 14,355 14,498 4,037 10,461 

SIBLEY 
Hay & pasture 5,679 1,00 5 4,674 4,908 1,517 3,39 1 
Corn 21,075 6,021 15,054 14,841 6,284 8,557 
Soybeans 2,54 2 67 2,475 2,592 212 2 ,380 
Potatoes 12 1 11 5 5 
Ot her 8,544 8 10 7,734 5,310 1,259 4,051 

TOTAL 37,852 7,904 29,948 27,656 9,272 18,384 

ST EARNS 
Hay & past ure 39,651 1,264 38,387 39,699 1,44 8 38,25 1 
Corn 28 ,408 5,159 23,249 22,722 4,637 18,085 
Soybeans 1,263 204 1,059 945 135 810 
Potatoes 90 15 75 31 10 21 
Other 23,964 734 23,230 17,415 175 17,240 

TOTAL 93,376 7,376 86,000 80,812 6,405 74,407 

ST EELE 
Hay & pastu re 6,067 531 5,536 4,901 650 4,251 
Corn 17,411 6,51 2 10,899 11,099 6,9 17 4,182 
Soybeans 1,260 402 858 1,296 423 873 
Potato es 130 278 -1 48 130 76 54 
Ot her 8,056 71 5 7,34 1 4,857 1,232 3,625 

TOTA L 32,924 3,438 24,486 22,283 9,298 12 ,985 

ST EVENS 
Hay & pastu re 4,309 637 3,672 2,890 728 2,162 
Corn 15,61 5 4,152 11,463 12,860 4,996 7,864 
Soyb eans 2,696 107 2,589 1,678 65 1,61 2 
Potatoes 1 1 6 6 
Oth er 7,770 ~ 6,613 5,874 1,233 4,641 

TOTAL 30,39 1 6,05 3 24,338 23,308 7,022 16,286 

SWI FT 
Hay & pastu re 5,715 1,229 4,4 86 5,435 1,133 4,302 
Corn 21,55 3 6,256 15,297 15,398 7,494 7,904 
Soybeans 3,503 79 3,4 24 3,406 214 3,1 92 
Potatoes 16 20 -4 33 3 
Other 6,988 784 6,204 4,925 1,352 3,573 

TOTAL 37,77 5 8,368 29 ,407 29, 167 10,193 18,974 
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Table 4. ­ (continued) 

1959 1964 
Actu al 50 Act ual 

To ns tons percent tons 
County and crop recommended applied Gap nutrient applied Gap 

TODD 
~y & pasture 12,19 4 637 11,557 11,388 461 10,927 

Corn 13,875 2,987 10,888 10,315 3,238 7,077 
Soybeans 292 25 267 234 24 210 
Potatoes 62 62 70 70 
Ot her 10 ,796 209 10,587 8,046 264 7,782 

TOTA L 37,2 19 3,858 33,361 30,053 3,987 26,066 

TRA VERSE 
Hay & pastu re 2,513 369 2,144 3,386 366 3,020 
Corn 6,903 1,398 5,305 4,731 1,931 2,800 
Soybeans 3,45 1 78 3,373 2,23 6 88 2,148 
Potatoes 1 1 
Other 5,9 55 1,611 4,344 4,755 2,80 1 1,954 

TOTAL 18,823 3,657 15,166 15,108 5,186 9,9 22 

WABASHA 
Hay & pastu re 12,16 5 236 11,929 9,398 258 9,140 
Corn 9,863 3,789 6,074 6,974 4,241 2,733 
Soybeans 396 35 361 531 57 474 
Potatoes 20 20 8 1 7 
Other 7,742 385 7,357 5,165 451 4,714 

TOTAL 30,186 4,4 45 25,741 22,076 5,008 17,068 

WADENA 
Hay & past ure 12,874 479 12,395 11,677 182 11,495 
Corn 2,870 872 1,998 1,97 8 772 1,206 
Soybeans 12 2 10 3 1 31 
Potat oes 38 38 16 16 
Othe r 2,4 09 141 2,268 1,200 95 1,105 

TOTAL 18,203 1,494 16,709 14,90 2 1,049 13,853 

WASECA 
Hay & past ure 3,60 7 297 3,3 10 2,679 51 5 2,164 
Corn 18,604 6,686 11,918 13,265 9,906 3,359 
Soybeans 1,749 43 1,706 1,881 118 1,76 3 
Potatoes 6 6 1 1 
Other 8,230 86 1 7,369 4,7 36 ~ 3,602 

TOTAL 32, 196 7,887 24 ,309 22,562 11,673 10,889 

WASHINGTON 
Hay & pastu re 7,.565 389 7,176 5,827 532 5,295 
Corn 10,293 3,743 6,5 50 6,3 12 3,247 3,065 
Soybeans 39 1 22 369 477 53 424 
Potatoes 27 2 25 67 67 
Other ~ 52 1 1,374 2,460 466 ~ 

TOTAL 20,171 4,677 15,494 15,143 4,298 10,84 5 

WATONWAN 
Hay & pastur e 3,220 1,181 2,039 2,304 654 1,650 
Corn 22,33 5 8,783 13,5 52 14,044 8,323 5,72 1 
Soybeans 2,310 166 2,144 2,73 6 140 2,596 
Potatoes 1 1 1 1 
Ot her 3,603 472 ~ 1,249 431 818 

TOTA L 3 1,469 10,602 20,867 20,334 9,548 10,786 

WILKIN 
Hay & pasture 4,009 742 3,267 2,80 6 454 2,352 
Corn 4,736 1,728 3,008 3, 162 1,803 1,359 
Soybeans 3,826 155 3,67 1 3,312 238 3,074 
Potatoes 217 153 64 187 86 101 
Other 7,935 4,272 3,663 ~ 6,477 - 166 

TOTAL 20,723 7,050 13,673 15,778 9,05 8 6,720 
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Table 4. - (co nt inued ) 

1959 1964 
Act ual 50 Act ual 

Tons tons percent tons 
Co unty and cro p recommended applied Gap nutrient appli ed Gap 

WINO NA 
Hay & pasture 13,548 694 12,854 10,866 380 10,486 
Co rn 10,073 4,402 5,671 7,529 4,506 3,023 
Soybeans 237 48 189 382 83 299 
Potatoes 15 15 6 3 3 
Ot her 7,536 641 6,895 4,593 327 4,266 

TOTAL 31,409 5,785 25,624 23,376 5,299 18,077 

WR IGHT 
Hay & pasture 8,913 472 8,411 7,387 347 7,040 
Corn 18,877 4,080 14,797 12,380 4,147 8,233 
Soybeans 747 54 693 1,120 38 1,082 
Potatoes 92 300 -208 74 338 - 264 
Oth er 8,732 8,42 1 4,659 280 4,37 9 --..l1l 

TOTA L 37,361 5,217 32,144 25,620 5,150 20,470 

Y ELLOW MEDICI NE 
Hay & pasture 5,316 664 4,65 2 4,028 642 3,386 
Corn 29,149 7,316 21,833 19,241 10,004 9,237 
Soybeans 3,887 127 3,760 4,05 9 127 3,932 
Potatoes 10 8 2 13 37 -24 
Other 6,356 763 5,593 3,925 782 3,143 

TOTA L 44,71 8 8,8 78 35,840 31, 266 11,592 19,674 

1959 1964 
Used as Used as 

Act ual percen t 50 Actual percent 
To ns to ns recom- percent to ns recom-

Sta te and crop recommend ed applied Gap mended nut rient a pplied Gap mended 

MINN ESOTA 
Hay & pasture 786 ,824 56,302 730 ,522 7% 666,685 62,262 604,423 9% 
Corn 1,175,080 332,226 84 2,854 28 802 ,136 392,699 409,437 49 
Soybeans 125,212 6,460 118,752 5 123,826 11,128 112,698 9 
Potatoes 20,668 13,421 7,249 64 18,127 17,117 1,OlD 94 
Oth er 747,730 102,620 645,110 14 513,177 138.595 374,582 27 

TOTAL 2,855,514 511,029 2,344,485 18% 2,123,95 1 62 1,801 1,502,150 29% 
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Table 5. Liquid and dry fertilizer 1959-1964* Table 5. - (continued) 

Percent of crop- To ns Percent of crop- Tons 
land harvested Liquid Dry land harvested Liquid Dry 
an d fert ilized fertil izer fert ilizer and fert ilized fert ilize r fert ilizer 

Cou nty 1964 1959 1964 1959 1964 1959 County 1964 1959 1964 1959 1964 1959 

Aitk in 8 12 726 835 McLeod 34 28 719 728 7,437 5,249 
Anoka 45 41 262 198 2,431 2,445 Mahnomen 41 34 18 2,227 1,601 
Becker 39 29 5 6,687 3,390 Marsh all 66 64 1,033 452 15,474 12,317 
Beltram i 12 13 43 861 1,080 Mart in 52 49 3,370 2,961 15,932 ~5,O17 

Benton 40 42 171 159 4,147 3,928 Meeker 32 24 708 416 6,532 4,819 
Big Stone 31 16 313 511 4,329 1,927 Mille Lacs 30 33 41 41 2,293 2,569 
Blue Earth 44 37 4,011 1,793 26,199 12,386 Morrison 25 26 20 65 4,104 4,052 
Brown 32 22 1,383 1,324 7,805 5,863 Mower 42 50 1,601 825 12,968 15,392 
Carlton 8 11 110 684 1,032 Murray 40 27 620 433 9,302 6,315 
Carver 25 15 475 265 2,973 1,731 Nicollet 40 38 1,033 776 7,406 6,852 
Cass 11 13 708 766 Nobles 40 30 1,324 609 9,502 6,881 
Chippewa 42 31 698 675 9,853 7,028 Norman 61 43 612 115 9,839 5,985 
Chisago 45 41 634 192 4,061 3,311 Olmsted 35 36 1,080 707 7,171 7,625 
Clay 62 55 1,167 238 15,970 13,454 Otter Ta il 22 18 111 188 7,863 7,144 
Clearwater 27 18 6 1,610 1,372 Pennington 56 56 24 141 4,722 3,321 
Cook 1 Pine 21 22 31 96 2,712 2,774 
Cottonwood 41 27 1,286 426 9,17 8 6,467 Pipestone 36 20 463 207 4,097 2,685 
Crow Wing 22 27 45 1,010 1,217 Po lk 70 65 2,357 1,249 28,300 24,546 
Dakota 44 45 967 1,612 8,576 9,144 Pope 28 19 291 336 4,996 3,130 
Dodge 38 43 865 356 7,340 8,999 Ramsey 37 26 8 304 300 
Douglas 17 14 16 75 2,174 2,005 Red Lake 54 45 44 3,529 2,222 
Far ibault 50 47 4,808 4,491 16,801 12,204 Red wood 35 22 2,191 1,270 12,212 7,841 
Fillmore 31 31 1,460 1,025 7,896 8,338 Renv ille 46 31 3,930 2,038 20,925 13,537 
Freeborn 53 55 3,110 1,430 17,596 16,051 Rice 36 31 1,062 762 5,959 5,028 
Goodhue 32 32 976 664 8,181 8,317 Rock 38 20 859 160 4,726 3,035 
Gr ant 54 33 410 302 5,781 4,484 Roseau 31 26 9 5,029 3,317 
Hennepin 31 31 349 700 4,734 5,078 St. Lou is 7 6 51 997 791 
Hou st o n 28 31 487 274 3,830 3,945 Scott 23 24 370 768 2,36 2 2,474 
Hubbard 22 21 74 1,133 811 Sherburne 40 39 440 208 3,597 3,553 
Isanti 35 36 599 463 3,057 2,749 Sibl ey 35 29 1,211 1,059 8,061 8,963 
Itasca 5 4 638 305 Stearns 18 18 220 509 6,185 6,867 
Jackson 47 35 2,631 2,278 12,297 8,026 Steele 46 45 976 1,307 8,322 7,131 
Kan abec 23 32 68 1,437 2,041 Stevens 43 28 305 1,184 6,717 4,689 
Kandiyohi 35 26 889 729 10,073 6,779 Swift 36 31 809 795 9,384 7,573 
Kittson 60 46 361 46 7,751 4,935 Todd 22 24 35 175 3,952 3,683 
Koochiching 8 6 298 240 Traverse 45 28 87 161 5,099 3,496 
Lac qui Parle 28 18 953 787 6,531 4,658 Wabasha 28 26 759 446 4,249 3,999 
Lake 2 4 5 12 Wadena 19 26 28 15 1,021 1,479 
Lake of the Waseca 49 37 2,861 841 8,912 7,046 

Woods 31 19 1,194 725 Washington 34 40 547 615 3,751 4,062 
Le Sue ur 40 28 2,246 957 5,663 3,734 Watonwan 46 48 2,120 1,404 7,428 9,198 
Linco ln 23 14 288 385 3,506 2,401 Wilkin 63 50 111 8,947 7,050 
Lyon 37 23 776 1,170 7,892 5,532 Winona 29 30 512 355 4,787 5,430 

Wright 23 22 554 538 4,596 4,679 
Yellow 

'1 9 64 figures may be aff ec ted by cou nty total e rro r Medic ine 39 24 2,462 1,938 9,130 6,940 
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