Miscellaneous Report 76—1970

The Minnesota Fertilizer
Industry trends and prospects

Dale C. Dah!
William G. Bursch
Robert A. Rathjen

Agricultural Experiment Station University of Minnesota



Table of Contents

CHAPTER PAGE
TR EIOTIR o1 s e .1 5105 05 R o i o o e T LAY RV AT SRR e S 4
ST o 10y L RSB T S e B R, o e 4
o e LT ] ) T e oo e e R S BTS2 e R e o e e 4
Procetresian@IDAtE . . .o o« wrin sin s s s el d e s sha ksl e e e et el ot 4

I Batterns of Hertilizer TISAZE: -\ e ol s o v s 5 s Hoheusta e s @ e ete ) ot glateth e e ahie aals s 5
Gl biToya oy rIEA L= (s Lol e R e e R e e e e s e 5
Tsape Ahena iy ATATCIE - 1 s Tl 8 Sl y= rtia s e s rse o ) s e e e 5 b o 5

S ape e d sty A OTIININ =) e it e s« is35 = ansai e Jon s st o Aol et s e e 6

{1 Ty Vo e e L B O = R e S e e 0P b el T o 7
| o i i s SR e S PTG LA o Vo e e (A o U 7
Education and Promotion . ..........oouiuuitiiete i, 10

III. Fertilizer Production and Distribution ............... ... ... 13
PR AT R O T GEI OIS i et ke e oot o L e et o) o 1 0 netarmte £ 1ol 13
Locational Production of Primary Nutrients ............................. 14

T B To b (a5 o) s e Ay e =l T o U e 14

New Materals and NIethows - cion s« ool b siiisahesiio s s o s ot s {5 o 14
Fertilizer Manufacture ... ........unni e 15
S0 B0 (01TF ey it ) iyt (R BT B A SO A ' 0 Lot Pl 1, oD kTS i A 16
Consumption Trends through Various Distribution Channels ................ 17

5504 2 80 i khye SR o N e B e B e e o L 18
AGADVERAIENE (it e 0 e 1570 a1 A 0 AL e 0 1 s et 181 8 S 18
RIS 110 00l e P R M ciria o oW oo e o o1 19

Pland e d SN e T TN SR T oo Tovs o) s A 2 n S0 T & o o e e AP e C N TSR B 20
SCIRVIBES T 0 arhl s ulsm e et e S0 o o T 003 (a5 o e o e o = S e e P4 1 20

Other Distribution Channels ........... ... i i, 20
IO R e NS EIDTLILOTIS  op a6 4 s [574 e o0 ) 1 e e 12 e S o ehicval o & 20

L d VX AN T IZEI N ol o i vinci 402 515 s xLo 1000 b e i e s o e e SRR A R 2 20

Bl A s T et e e e A e e T S & S S 20
Geographic Ownership Source of Minnesota Fertilizer Sales ............... 21

IV O BIOSDEECES. (51 auers s aetls 3 5 s [den s Lo reie 3180 8 LaLar 111518 I, oot b pobmtocs ipae s e ot 21
0] O a RS o R e et 2 s I LT £ G N5 AR (8 D R 62 pete 21
TmpHcations fon TDISEIRTIITON. .\« o« » trss/s 65 i ) 11m 1o laimkans=s bl slol 8ol =Jokons el a hale s 23
Summary and Conclusions . .......ouiiiiiiit it r i 24
RDEREERNIY 3 0 q s d6asms Voo ys ples vas Va e i gami alann s s 6 4 a e o salis 3 wmarh 25

W TR G VT e e B pn o R I o B O a3 | O mr TLCD o o SO e S Ot 3 26

The authors wish to acknowledge the technical advice of Lowell Hanson of the Department of Scil Science, University
of Minnesota; Robert Munson of the American Potash Institute; and Rollin Dennistown, director, Division of Agronomy
Services, Minnesota Department of Agriculture.

Dale C. Dahl is a professor in the Department of Agricultural and Applied Economics, Institute of Agriculture, Uni-
versity of Minnesota.

William G. Bursch is an agricultural economist, Farm Production Economics Division, Economic Research Service,
U. S. Department of Agriculture, University of Illinois, Urbana, lllinois.

Robert A. Rathjen is a research assistant in the Department of Agricultural and Applied Economics, Institute of
Agriculture, University of Minnesota.



The Minnesota Fertilizer Industry: Trends and Prospects

I. Introduction

Situation

The growth of the Minnesota fertilizer industry may
be separated into three 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 change significantly. After 1955, tonnage
consumption of fertilizer increased even more. Unique
to this period, however, new channels of fertilizer distri-
bution developed.
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Source: Division of Agronomy Services, Minnesota Department of
Agriculture.

Figure 1. Thousands of tons of fertilizer sold for usage in Minnesota,
1927-67.

Before 1955, producers of primary nutrients (nitrogen,
N; phosphate, P.0;; and potash, K,0) were concentrated
in specific areas of the United States. From these locations
they supplied primary materials to fertilizer manufactur-
ers in Minnesota and surrounding states. Manufacturers
combined the materials into grades of mixed fertilizers
and bagged them for retail distribution. Retail outlets,
such as country grain elevators, creameries, and farm
supply stores distributed fertilizers to the farmer-customer.
Some straight (unmixed) fertilizer materials followed the
same pattern. Even after 1940, with state fertilizer usage
increasing, there was little 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 materials according to the
farmer’s specific soil types and cropping practices. The
primary fertilizer producers supplied directly the local
blending plants as well as the centralized manufacturers.

1965 1967

The successful development of this distribution method
reduced the share of fertilizer handled through pre-exist-
ing distribution channels.

Some of the questions raised after these developments
were informational and referred to consumption: What
were the fertilizer usage trends in Minnesota? How do
they compare with trends in other North Central states
and the nation? Which fertilizer grades and ratios in-
creased most in sales? What were the state’s geographic
patterns of fertilizer consumption? What caused these
changes in fertilizer use?

Other questions were concerned with the distribution
changes: How many new plants have opened in recent
years? How many of these are owned cooperatively and
how much fertilizer do cooperatives handle? What are
the geographic patterns of plants, and how do they cor-
respond to the geographic patterns of fertilizer use?

Still other questions were raised about the effects of
these changes: How much fertilizer can be expected to be
consumcd in future years? How is this expected to be
distributed geographically? How might such usage trends
further influence fertilizer distribution methods? How
will these developments affect rural industrial and agri-
cultural growth?

Objectives

These questions cannot be answered without extensive
research. A descriptive analysis of fertilizer usage and
distribution based upon available published and unpub-
lished data provides some answers, however. The general
purpose of this report is to provide this analysis. The spe-
cific purposes are to:

1. identify fertilizer usage trends in Minnesota by
analysis, geographic area, and, where possible, dis-
tribution outlet;
isolate changes in fertilizer manufacturing and dis-
tribution in numbers of firms and plants and their
locations 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 distribution channels in

the state.
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Procedures and Data

This study focuses upon Minnesota’s consumption pat-
terns and businesses. Data from other states are presented
occasionally for comparison. The study deals primarily
with the last 10 years, specifically 1960 and 1964, in certain
dimensions.

Within these geographic and temporal limits, numer-
ous government and business data and research reports
were reviewed for information about changes in fertilizer
consumption and distribution patterns.! Much of the data
in this report, however, is from unpublished data reports

1A cited bibliography is included in this report. A more extensive
bibliography is available upon request.



made available for this study by the Division of Agron-
omy Services of the Minnesota Department of Agriculture.
These data summarize annual tonnage and license reports
filed by firms and plants selling fertilizer in Minnesota.?
Other sources are the 1959 and 1964 Censuses of Agricul-
ture, which derive most of the information from a sample
of farms.

I1. Patterns of Fertilizer Usage
Consumption Trends

A long-term upward trend in fertilizer use in Minne-
sota began in 1940 with 15 thousand tons, reached 370
thousand tons in 1955, 800 thousand tons in 1965, and
over 1.5 million tons by the year ending June 30, 1969
(figure 1). Consumption in 1969 was 314 percent more
than in 1955, 187 percent more than in 1960, and 110 per-

2 The state agency requires tonnage reports from all firms, regardless
of location, that sell fertilizer materials or mixtures to manufacturers, dis-
tributors, or final consumers in Minnesota (see Minnesota Statutes, Chap-
ter 559, as amended 1955, 1959, and 1963).

cent more than in 1964. Minnesota farmers spent about
$78 million on fertilizer in 1967.

Fertilizer use since 1955 has grown faster in Minne-
sota than in the other North Central states or the United
States (table 1). In 1955, Minnesota used 5.6 percent of
the fertilizer consumed in the North Central states and
1.6 percent of the fertilizer used in the continental United
States. By 1969, the figures had increased to 9.7 percent
and 4.0 percent, respectively. Minnesota still lags behind
the other North Central states in pounds of fertilizer used
per harvested acre. Minnesota’s more rapid growth rate,
however, suggests that the state acre-usage ratio soon may
get closer to those of other North Central states.

USAGE TRENDS BY ANALYSIS

“Tonnage” figures underestimate the growth of Minne-
sota’s fertilizer usage. A better estimate is recent growth
in the use of plant nutrients (N, P,0,, K.0). The faster
growth rate for plant nutrient usage is due to increased
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.

‘ North Central states

Minnesota Continental U.S.

Thousand Percent Thousand Percent Thousand Percent
Year tons change tons change tons change
PO T S 373 6,701 22,284
1960 .. e 538 +44.0 7,651 +14.0 24,501 + 9.9
19600 ..o . 558 + 3.7 8,176 + 6.8 25,163 + 4.0
1962 .. ....... 560 S 8,428 - 3.0 26,194 —EAR6)
licmie] S 615 + 9.8 9,846 +16.8 28,535 + 8.9
1864 .. ....... 733 +19.2 10,928 +11.0 30,315 + 6.2
1965 .. ... .. .. 7997t + 9.0 10,976 L 30,925 4+ 2.0
1966 . ... .ou. 852 £ 6.6 13,554 +-23.4 34,158 +10.5
[155]5)7 A 1,115 +30.4 15,314 +12.9 36,718 4 7.5
1968 ... ...... 1,238 S 16,127 L 53 38,383 + 4.0
1969 .. ....... 1,545 +24.7 15,916 — e 38,365 0

Source: 1964 Fertilizer Summary Data by States énd Geographic Areas, National Fertilizer Development Center, Tennessee Valley Authority, Muscle
Shoals, Alabama, and Walter Scholl and others, “Consumption of Commercial Fertilizers and Primary Plant Nutrients in the U.S. Year Ended
June 30, 1964,” Commercial Fertilizer and Plant Food Industry, May, 1965.

* Fiscal period, July 1 to June 30.

T Figures for 1965-69 are from Consumption of Commercial Fertilizers in the United States, U.S.D.A., Statistical Reporting Service, Report Sp Cr 7 (5-

68), and Sp Cr 7 (11-66).

Table 2. Tons of plant nutrients used and percentage change from previous period, Minnesota, North Central

states, and United States, 1955, 1960-69.

Continentaliu.s.

Minnesota North Central states

Percent Percent Percent
Year Tons change Tons change Tons change
1955 . ....cc.uunn 156,987 2,265,834 5,995,410
1960 . .. ..covvunve 236,685 +50.7 2,882,548 1272 7,350,155 +-22.6
152 5 S S o 252,875 + 6.8 3,106,768 S TeE 7,718,870 -+ 5.6
L o e M Sl 256,179 4+ 1.3 3,351,094 - 7.8 8,304,573 + 7.6
MEPGRN = 2 o8 i e 295,123 -+15.0 4,046,420 4-20.7 9,392,637 +13.1
964 . f e 364,935 +.23.7 4,710,764 +16.4 10,354,533 -1-10.2
OGS 402,946 +10.4 4,938,632 4 4.8 10,830,660 4+ 4.6
1966 ., o s 426,166 -+ 5.8 6,160,615 +24.7 12,318,156 +13.8
O 7 iy b s 574,369 1-34.8 7,212,962 117.1 13,850,560 +-12.4
EBGBE th o s i 662,116 +15.2 7,880,536 + 9.2 14,911,160 - 7.6
1869 ... .......... 835,464 +-26.2 7,833,132 — 15,177,473 -+ 1.7

|
|

Source: See table 1.















The nitrogen segment of the industry should grow at
an increasing rate and somewhat faster than the phos-
phate or potash segment. This growth may result par-
tially from the tremendous fertility gap for nitrogen, the
slightly downward trend in price, and changes in crop-
ping practices that make nitrogen more economical to
purchase than to raise as legume green manure crops.

Bulk blending, and with it the use of straight mate-
rials, probably will increase in importance. The three
basic reasons for this increase are:

1. Blended fertilizers have an inherent economic ad-
vantage due to low production and distribution
costs.

. The demand for services at the local level positive-
ly affects blending operations and is consistent with
the increasing specialization in agriculture.
Materials and equipment used will improve, elimi-
nating most particle segregation problems.

The probable location of future plants is uncertain.
However, new plants may be located where relatively
large fertility gap counties are near areas with relatively
small fertility gaps.

Because of new materials, the role of blending plants
in the more distant future could change. Materials from
complex chemical combinations, now being developed,
could supplant some of the need for physical blending.
Replacing some physical blending will be the extended
need for bulk handling and spreading. Change in fertil-
izer recommendations and fertilizing practices may be an
accompanying force. While the above changes are specu-
lative, they are being considered in the fertilizer industry.

Bulk-mixed grades will continue to replace bagged
fertilizers, conceivably until nearly all farm-used fertilizer
is handled in bulk. Two reasons for this movement may
be that: (1) definite economies are gained by eliminating
bags and the bagging operation and (2) mechanized han-
dling of bulk fertilizer saves labor at all distribution levels.

Growth of mixed liquids is somewhat uncertain al-
though new materials and methods may boost the mixed
liquid business.

Underlying current consumption and distribution
trends are some aggressive, scientifically based marketing
and promotional efforts. These efforts are undertaken
generally by large firms, some of them relatively new to
the agricultural field. One result is the appearance of
complete agriculture service centers which include fer-
tilizer as one of many products and associated services.
This activity cannot be projected with any assurance.
However, the tendency is strong for marketing and pro-
motion to become increasingly aggressive and have an
improved technological base.

The above-mentioned trends assume that federal crop
programs will be somewhat consistent with recent ones.
Drastic changes could alter the pattern of fertilizer de-
mand. Further increased crop production from increased
fertilizer use will be consumed at least partly by popula-
tion increases and by an increased demand for poultry
and meats. Crop production in excess of these demand
factors could cause further surplus problems.

The growth of the fertilizer industry is causing some
modest rural economic development. This development
comes from two basic sources: (1) the rural location of
blending plants, liquid mix pldnts, and other operations
providing local employment and additional operational

3.

25

expenditures, which contribute to the overall business
volume of a trade center and (2) increased farm produc-
tion and income resulting from adequate rates of fertilizer
also increasing dollar expenditures and business volume
in a community.
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Appendices

Fertilizer Demand Analysis

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

PRICE ANALYSIS

Considerable work has been done on fertilizer demand.
Research largely attempted to: (1) explain quantitatively
the changes in fertilizer demand on a national or regional
basis or (2) develop and test a methodological procedure
for predicting fertilizer use. Because such analysis em-
ployed aggregated time series data, many variables were
not included.

Griliches, studying the United States from 1911 to
1956, hypothesized that the increase in fertilizer use could
be explained largely by the decline in the “real” price of
fertilizer. He defined the “real” price of fertilizer as the
price paid per unit of plant nutrient divided by an index
of prices received for all crops. According to his regres-
sion model, expressed in logs, the log of fertilizer tonnage
use was a linear function of the log of real price and the
log of “lagged fertilizer” use. Griliches interpreted the
results from his analysis to support his hypothesis.” In
later analysis, Griliches found that disaggregating the fer-
tilizer study by regions and plant nutrients resulted in the
same general conclusions.*®

Another economist drew different inferences from the
same data, thereby cautioning against oversimplifying the
interpretation of increased fertilizer use as resulting pri-
marily from a decrease in the real price.”

57 Griliches, Zvi, “The Demand for Fertilizer—An Economic Interpreta-
tion of a Technical Change,” Journal of Farm Economics, Vol. 40, No. 3,
August, 1958.

58 Griliches, Zvi, “Distributed Lags, Disaggregation, and Regional De-
mand Functions of Fertilizer,” Journal of Farm Economics, Vol. 41, No. 1,
February 1959, pp. 90-102.

50 Renshaw, Edward F., “Distributed Lags, Technological Change and
the Demand for Fertilizer,” Journal of Farm Economics, Volume 43, No.
4, November, 1961, p. 955.



Heady and Yeh developed national and regional de-
mand functions for fertilizer using time series data for
1926-1956.° They developed a regression model using
total tons of commercial fertilizer, N, P,O;, and K,O as
dependent variables. They intended to provide informa-
tion on factor demand that could be used for predictive
purposes. The variables considered were: (1) a fertilizer
price index at planting time, (2) an average crop price
index lagged 1 year, (3) cash receipts from farming lagged
1 year, (4) time, and (5) income. For their model, they
assumed that the crop price of the previous year served
as an expectation for the present year.

Results for the region that included Minnesota indi-
cated that the fertilizer price index, cash receipts from
farming, and time were statistically significant variables.
The significance of the price index suggested that farmers
were price conscious; this finding supported previous
studies and theoretical considerations. Substantial decline
in the real fertilizer price was a major factor in increased
fertilizer use. Cash receipts from farming may be a vari-
able that represents the income effect, the farmer’s liquid
asset position, and changes in crop prices. The elasticity
coefficient of the time variable was significant at the 1
percent level, suggesting a significant upward shift in the
demand function associated with time. Heady 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 importantly represented increased use of
technological knowledge by farmers over time. While this
conclusion was difficult to quantify, it was consistent with
the increased development and application of technical
factors that affected the rapid increase in fertilizer use
over the past two decades.

The regression coefficient for cropland acreage was
negative, perhaps indicating a substitution of fertilizer
for land. While this situation was obviously true in a
technical sense, Heady and Yeh suggested that this sub-
stitution was related to sporadic government control pro-
grams which paid farmers to take land out of production.
Therefore, a general hypothesis suggested that farmers

made up reduced acreage by applying additional fertil-.

izer and other technological inputs to land in production.

A subsequent study included the years 1926-1960.5! The
variables were the same as those used by Heady and Yeh
although 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 several variables. Their interpretation of
the time variable expressed some of these effects.

Heady and Tweeten found that fertilizer usage in-
creased even when the fertilizer-crop price ratio leveled
off somewhat after 1950. The finding indicated the impor-
tance of nonprice factors in fertilizer demand. Techno-
logical factors apparently were as important as price vari-
ables in determining fertilizer demand. Microaspects of
fertilizer usage also supported this hypothesis.

In a study similar to that by Heady and Yeh, Brake
further recognized the importance of certain “unquantifi-
able” variables in fertilizer demand:

% Heady, E. 0., and Martin H. Yeh, “National and Regional Demand
Function for Fertilizer,” Journal of Farm Economics, Vol. 41, No. 2, May
9.

6t Heady and Tweeten, chapter 7.
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“It is the author’s impression that effects of technolog-
ical changes, levels of knowledge and governmental
programs have been of much importance and the es-
timates of the effects of the specifically considered
economic variables are over-estimates.”

Brake doubted that fertilizer usage would return to levels
of some previous period even if previous levels of prices
prevailed, allowing for nonincluded variables.

TECHNICAL FACTORS

When determining demand quantitatively, research-
ers suggested that great technological knowledge came
to farmers in a way that was closely correlated to a time
variable in regression.®® For this study, technical knowl-
edge was divided into two separate phenomena: (1)
technical factors and closely associated factors and (2)
adoption of this technology due to improved knowledge.

Technical factors can be divided into three general
categories:®* (1) innovations in agricultural production
that interact positively with increased use of fertilizer in
increasing crop yields, (2) changes in the fertilizer re-
source product or its application that allow it to be trans-
formed into crop yield at an increased rate, and (3) the
depletion of soil nutrients over time where fertilizer is
not applied, resulting in a relatively greater crop yield
response to applied nutrients.

Of the innovations, improved crop varieties are prob-
ably the most easily 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 productive potential. High plant population,
while depending somewhat on adaptable varieties, and
irrigation are other innovations requiring additional fer-
tilizer for successful implementation. In general, these
factors cause the marginal value product of fertilizer to
increase at higher rates of application; thus, they interact
positively with fertilizer to increase yields.

The second category of technical factors includes fac-
tors that increased marginal value productivity due to
technological improvements in fertilizer itself or its meth-
od of use. Several fertilizer production techniques devel-
oped over the years make fertilizer more available to crops
than it was beftore. Improvements in the chemical and phy-
sical combination of the fertilizer product have been im-
portant. With continued effort by the industry, new
agronomic materials probably will increase the overall
efficiency of fertilizer.®

The trends in fertilizer application methods arose from
an agronomic need but generally were conductive to in-
creased fertilizer rates. Early equipment for applying
row fertilizer had limited application rates which could
be applied without causing adverse effects. Equipment
for band application improved fertilizer efficiency and
allowed use of higher rates. Broadcasting fertilizer, where
practical, became more popular as well engineered equip-
ment was employed and uniform application became

62 Brake, J. R.,
North Central Region,” Journal of Farm Economics, Vol. 42,
gust, 1960, p. 676.

6 Heady and Yeh.

6 Heady, E. O., and Martin Yeh, “Factors Relating to U.S. and Re-
gional Demand for Fertilizer,”” Commercial Fertilizer & Plant Food Indus-
try, March, 1960.

6 Nelson, L. B., “New Fertilizer on the Horizon,”” Crops and Soils,
16:78, April, 1964.
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possible. While this method may not have caused a more
efficient conversion of fertilizer into crops, it substantially
reduced the labor cost of fertilizer application and prob-
ably improved overall efficiency. Broadcasting fertilizer
apparently is becoming a partial substitute for band ap-
plication. This practice generally is used where a high
level of soil fertility is desired. The carryover effect for
use by succeeding years’ crops probably is now well rec-
ognized so some cost of a broadcast application can be
ascribed to subsequent years. “Pop up” fertilizer, an inno-
vation, makes broadcasting most of the fertilizer even
more practical.®® The use of narrow corn rows also en-
courages growers to view broadcast with “pop up” fer-
tilizer.

The depletion of nutrients over time no doubt results
in a greater response to fertilizer on unfertilized soil the
longer it is farmed (or mined ). But this factor is relatively
less important today than it was during the earlier growth
stages of the industry. A related situation — where total
nutrients removed from soil by crops are greater than
additions from fertilizer and other sources —may be of
growing importance. The degree which crops can draw
on the soil’s fertility stores may gradually diminish. Thus,
for maximum profit production and sustained yield, the
quantities of nutrients applied must nearly match the
quantities removed by cropping.

UNCERTAINTY AND RISK IN FERTILIZER USE

Although the purpose of discussing risk and uncer-
tainty in fertilizer demand analysis may seem obscure, its
effect on some obvious determinants of demand warrants
consideration.

Some risk and uncertainty is inherent in agricultural
production. Therefore, the profitability of using a re-
source such as fertilizer is clouded somewhat by these
elements of risk and uncertainty. To delineate precisely
between a risk factor and a situation involving uncertain-
ty is difficult.’” In general, a certain type of decision may
involve 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 economic uncertainty.

The source of economic uncertainty probably has two
components. The first arises from imperfect knowledge.
Because the decisionmaker’s experiences do not include
the entire body of knowledge available, his decision allows
a “margin of safety” to prevent loss. Presumably, knowl-
edge can be improved and this component of uncertainty
reduced.

The second component is the uncertainty that arises
from exogenous factors beyond the decisionmaker’s con-
trol. Some of these factors™ are: (1) unpredictable price
variability, (2) weather variability, (3) uncertain re-
sponses from new production techniques or methods, (4)
government policies (closely associated with price), and

6 “Pop-up Fertilizer Starts Corn Off Fast,” Farm Journal, March, 1966,
pp- 40, 76.

%7 As recognized by F. H. Knight, “risk” involves measurable uncer-
tainty where the distribution of outcome in a group of instances is known.
But "“uncertainty” is unmeasurable where the situation is unique. Risk,
Uncertainty and Profit, Houghton Mifflin Co., Boston, Mass., 1921, p. 18.

¢ Heady, E. O., and H. R. Jensen, Farm Management Economics, Pren-
tice Ha'!l Incorporated, New York, New York, 1954, p. 516.
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(5) actions of other people associated with the farm busi-
ness such as a banker or landlord. Since price supports
for major farm crops generally are established before the
decision is made to fertilize, government policy as an un-
certainty factor is becoming less important. But weather
uncertainty, response uncertainty, and actions of other
people remain as sources of uncertainty, with the first two
probably of primary importance.

Weather uncertainty and response uncertainty under
given weather conditions can be lumped together under
the problem of variable fertilizer production functions.
Recommended fertilized use levels often are made as if
the yield response to the fertilizer input is single valued.®®
Unfortunately, this situation is not true. Undoubtedly, a
series of fertilizer response functions are created by vari-
able weather and other, sometimes unknown, conditions.

The effect of this multivalued production function on
individual farm demand for fertilizer depends greatly on:
(1) management practices, (2) capital availability, and
(3) the manager’s psychological makeup about risk aver-
sion. A superior manager using optimum agricultural
practices has a higher probability of producing on a high
response curve than does a poor manager. Therefore, high
rates of fertilizer generally are most profitable for the
superior manager.”® Similarly, the operator with unlimited
capital can more profitably use high fertilizer levels than
can the operator who must divide his limited capital be-
tween alternative resources. The tendency to minimize
the probability of a capital loss under adverse weather
conditions has a dampening effect on fertilizer demand.

Trends in managerial abilities or knowledge, capital
availability, and confidence of large rewards from ferti-
lizer use are important aspects of the effect uncertainty
has on fertilizer demand. Also important is the rate at
which uncertainty arising from imperfect knowledge can
be reduced. This latter factor concerns both the farmer’s
decisionmaking and the impact of extended agronomic-
economic research.

CAPITAL AVAILABILITY AND USE

Use of fertilizer requires substantial capital expendi-
ture. Sources of such production capital for purchasing
fertilizer (or any input) generally are gross farm income,
equity assets, or credit. But what constraints exist on the
use of capital from these sources and how do they affect
fertilizer demand?

This concept usually is called capital rationing. Two
types of capital rationing exist for agriculture: external
and internal.™ As previously implied, the capital limita-
tion results in a deviation from the theoretical behavior
of the firm that the necessary amounts of a resource
(money) can and will be bought at the going market
price. Thus, is it possible that fertilizer is used at a sub-
optimum level because of capital rationing in one form
or another?

6 Baum, E. L., E. O. Heady, and John Blackmore, Methodological
Procedures in the Economic Analysis of Fertilizer Use Data, lowa State
College Press, Ames, lowa, 1956, p. 8.

7 |bid., p. 163.

7 Schultz, T. W., The Economic Organization of Agriculture, McGraw
Hill, New York, New York, 1953, p. 306.



Table 4. — (continued)

1959 1964
Actual 50 Actual
Tons tons percent tons
County and crop recommended applied Gap nutrient applied Gap
ST. LOUIS
Hay & pasture 26,824 476 26,348 19,360 286 19,074
Corn 9 17 -8 14 27 -13
Soybeans — — - — — -
Potatoes 129 69 60 133 138 -5
Other 1,171 280 891 948 546 402
TOTAL 28,133 842 27,291 20,455 997 19,458
SCOTT
Hay & pasture 4,520 548 3,972 4,253 215 4,038
Corn 9,788 2,424 7,364 6,702 2,420 4,282
Soybeans 423 45 378 590 17 573
Potatoes 6 - 6 33 — &
Other 4,978 225 4,753 3,092 80 3,012
TOTAL 19,715 3,242 16,473 14,640 2,732 11,908
SHERBURNE
Hay & pasture 8,007 484 7,623 7,060 340 6,720
Corn 5,997 2,438 3,659 3,739 2,595 1,144
Soybeans 1,338 67 1,271 1,061 91 970
Potatoes 334 305 29 478 524 —-46
Other 2,440 467 1,973 2,160 487 1,673
TOTAL 18,116 3,761 14,355 14,498 4,037 10,461
SIBLEY
Hay & pasture 5,679 1,005 4,674 4,908 1,517 3,391
Corn 21,075 6,021 15,054 14,841 6,284 8,657
Soybeans 2,542 67 2,475 2,592 212 2,380
Potatoes 12 1 11 5 — 5
Other 8,544 810 7,734 5,310 1,259 4,051
TOTAL 37,852 7,904 29,948 27,656 9,272 18,384
STEARNS
Hay & pasture 39,651 1,264 38,387 39,699 1,448 38,251
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
STEELE
Hay & pasture 6,067 531 5,636 4,901 650 4,251
Corn 17,411 6,512 10,899 11,099 6,917 4,182
Soybeans 1,260 402 858 1,296 423 873
Potatoes 130 278 —148 130 76 54
Other 8,056 715 7,341 4,857 1,232 3,625
TOTAL 32,924 3,438 24,486 22,283 9,298 12,985
STEVENS
Hay & pasture 4,309 637 3,672 2,890 728 2,162
Corn 15,615 4,152 11,463 12,860 4,996 7,864
Soybeans 2,696 107 2,589 1,678 65 1,612
Potatoes 1 — 1 6 - 6
Other 7,770 1,157 6,613 5,874 1,233 4,641
TOTAL 30,391 6,053 24,338 23,308 7,022 16,286
SWIFT
Hay & pasture 5,715 1,229 4,486 5,435 1,133 4,302
Corn 21,553 6,256 15,297 15,398 7,494 7,904
Soybeans 3,503 79 3,424 3,406 214 3,192
Potatoes 16 20 -4 33 - 3
Other 6,988 784 6,204 4,925 1,352 3,673
TOTAL 37,775 8,368 29,407 29,167 10,193 18,974
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Table 4. — (continued)
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1959 1964
Actual 50 Actual
Tons tons percent tons
County and crop recommended applied Gap nutrient applied Gap
TODD
Hay & pasture 12,194 637 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
Other 10,796 209 10,587 8,046 264 7,782
TOTAL 37,219 3,858 33,361 30,053 3,987 26,066
TRAVERSE
Hay & pasture 2,513 369 2,144 3,386 366 3,020
Corn 6,903 1,398 5,305 4,731 1,931 2,800
Soybeans 3,451 78 3,373 2,236 88 2,148
Potatoes 1 1 — - — —
Other 5,955 1,611 4,344 4,755 2,801 1,954
TOTAL 18,823 3,657 15,166 15,108 5,186 9,922
WABASHA
Hay & pasture 12,165 236 11,929 9,398 258 9,140
Corn 9,863 3,789 6,074 6,974 4,211 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 4,445 25,741 22,076 5,008 17,068
WADENA
Hay & pasture 12,874 479 12,395 11,677 182 11,495
Corn 2,870 872 1,998 1,978 772 1,206
Soybeans 12 2 10 31 — 31
Potatoes 38 — 38 16 - 16
Other 2,409 141 2,268 1,200 95 1,105
TOTAL 18,203 1,494 16,709 14,902 1,049 13,853
WASECA
Hay & pasture 3,607 297 3,310 2,679 515 2,164
Corn 18,604 6,686 11,918 13,265 9,906 3,359
Soybeans 1,749 43 1,706 1,881 118 1,763
Potatoes 6 - 6 1 — 1
Other 8,230 861 7,369 4,736 1,134 3,602
TOTAL 32,196 7,887 24,309 22,562 11,673 10,889
WASHINGTON
Hay & pasture 7,665 389 7,176 5,827 532 5,295
Corn 10,293 3,743 6,550 6,312 3,247 3,065
Soybeans 391 22 369 477 53 424
Potatoes 27 2 28 67 — 67
Other 1,895 521 1,374 2,460 466 1,994
TOTAL 20,171 4,677 15,494 15,143 4,298 10,845
WATONWAN
Hay & pasture 3,220 1,181 2,039 2,304 654 1,650
Corn 22,335 8,783 13,652 14,044 8,323 5,721
Soybeans 2,310 166 2,144 2,736 140 2,596
Potatoes 1 - 1 1 — 1
Other 3,603 472 3,131 1,249 431 818
TOTAL 31,469 10,602 20,867 20,334 9,648 10,786
WILKIN
Hay & pasture 4,009 742 3,267 2,806 454 2,362
Corn 4,736 1,728 3,008 3,162 1,803 1,359
Soybeans 3,826 155 3,671 3,312 238 3,074
Potatoes 217 153 64 187 86 101
Other 7,935 4,272 3,663 6,311 6,477 —166
TOTAL 20,723 7,050 13,673 15,778 9,058 6,720



Table 4. — (continued)

1959 1964
Actual 50 Actual
Tons tons percent tons
County and crop recommended applied Gap nutrient applied Gap
WINONA
Hay & pasture 13,548 694 12,854 10,866 380 10,486
Corn 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
Other 7,536 641 6,895 4,593 327 4,266
TOTAL 31,409 5,785 25,624 23,376 5,299 18,077
WRIGHT
Hay & pasture 8,913 472 8,411 7,387 347 7,040
Corn 18,877 4,080 14,797 12,380 4147 8,233
Soybeans 747 54 693 1,120 38 1,082
Potatoes 92 300 —208 74 338 —264
Other 8,732 311 8,421 4,659 280 4,379
TOTAL 37,361 5,217 32,144 25,620 5,150 20,470
YELLOW MEDICINE
Hay & pasture 5,316 664 4,652 4,028 642 3,386
Corn 29,149 7,316 21,833 19,241 10,004 9,237
Soybeans 3,887 127 3,760 4,059 127 3,932
Potatoes 10 8 2 13 37 —-24
Other 6,356 763 5,593 3,925 782 3,143
TOTAL 44,718 8,878 35,840 31,266 11,592 19,674
1959 1964
Used as Used as
Actual percent 50 Actual percent
Tons tons recom- percent tons recom-
State and crop recommended applied Gap mended nutrient applied Gap mended
MINNESOTA
Hay & pasture 786,824 56,302 730,522 7% 666,685 62,262 604,423 9%
Corn 1,175,080 332,226 842,854 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 1,010 94
Other 747,730 102,620 645,110 14 513,177 138,595 374,582 27
TOTAL 2,855,514 511,029 2,344,485 18% 2,123,951 621,801 1,502,150 29%

46



Table 5. Liquid and dry fertilizer 1959-1964*

Table 5. — (continued)

Percent of crop- Tons Percent of crop- Tons
land harvested Liquid Dry land harvested Liquid Dry
and fertilized fertilizer fertilizer and fertilized fertilizer fertilizer
County 1964 1959 1964 1959 1964 1959 County 1964 1959 1964 1959 1964 1959
Aitkin 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 Marshall 66 64 1,033 452 15,474 12,317
Beltrami 12 13 — 43 861 1,080 Martin 52 49 3,370 2,961 15,932 15,017
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 S 22 1,383 1,324 7,805 5,863 Mower 42 50 1,601 825 12,968 15,392
Carlton 8 1 — 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 1080 707 7,71 7,625
Clay 62 55 1,167 238 15,970 13,454 Otter Tail 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 L. 1 L = = s Pine 21 22 31 96 2,712 2,774
Cottonwood 41 27 1,286 426 9,178 6,467  Pipestone 36 20 463 207 4,097 2,685
Crow Wing 29 27 45 £ 1,010 1,217 Polk 70 65 2,357 1,249 28,300 24,546
Dakota 44 45 967 1,612 8576 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 4 - 3,629 2,222
Faribault 50 47 4,808 4,491 16,801 12,204 Redwood 35 22 2,191 1,270 12,212 7,841
Fillmore 31 31 1,460 1,025 7,896 8,338 Renville 46 31 3,930 2,038 20,925 13,537
Freeborn 53 5, 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
Grant 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. Louis 7 6 — 51 997 791
Houston 28 31 487 274 3,830 3,945 Scott 23 24 370 768 2,362 2,474
Hubbard 22 21 74 — 1,133 811 Sherburne 40 39 440 208 3,597 3,553
Isanti 35 36 599 463 3,067 2,749 Sibley 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
Kanabec 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 Sueur 40 28 2,246 957 5,663 3,734 Watonwan 46 48 2,120 1,404 7,428 9,198
Lincoln 23 14 288 385 3,506 2,401 Wilkin 63 50 111 — 8,947 7,050
Lyon 37 23 776 1,170 7,892 5,632 Winona 29 30 512 355 4,787 5,430
Wright 23 22 554 538 4,696 4,679
Yellow
*1964 figures may be affected by county total error Medicine 39 24 2462 1,938 9,130 6,940
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