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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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Table 3. Average percentage of plant food content of mixed and total fertilizer, Minnesota and continental United 
States, selected years. 

1943� 1950 

Average analysis-all mixtu res 
Minnesota . .. . . . .. . . . . . .. . . . 27.5 35 .2 
United States .. .. .. . . .. . . . .. 21.0 23 .1 

Average analysis-all fert il izer 
Minnesota . ... . . . . . .. . . . . . . . 24 .3 33 .0 
United States . . . . . .. . . . . . . . . 20.3 22 .5 

Source: See t able 1. 

from 1963 to 1964 in Minnesota, total tonnage (mixtures 
and materials ) increased 19.2 percent and tons of plant 
nutrients increased 23.7 percent. 

The average plant nutrient content of fertilizer mix
tur es and materials increased steadily during the last 20 
years. This trend is explained partl y by ind ustry's efforts 
to reduce freight and handling cha rges in distribution 
and application. Minnesota has been a leader in using 
high analysis fertilizers (table 3 ). 

New fertilizer materials have made th is trend possible. 
H igh analysis materials such as anhydrous ammonia (82
5-0 ), concen trated superphosphate (0 -46-0 ), diamm on
ium phosphate (18-46-0, 21-53-0, and others ), and muri 
ate of potash ( 0-0-60) , have increased in use both as 
straight materials and in mixtures." 

These general trends in straight and high analysis 
mat erials also are seen in usage changes by ra tio and 
materials catego ries in Minnesota between 1960 and 1964 
( table 4 ).' The tot al number of tons of fertilizer used in 
the state increased 49 percent during this period. The 
grea test increases in usage occurred for (1 ) ratios 1-2-0 
and 1-3-0, which include ammonium ph osphates and di
ammonium phosphates, ( 2 ) ratio 1-3-1 (pr edominantly 
the 10-30-10 grade ), (3 ) anhydrous ammonia, (4 ) nitro
gen solutions, and (5) solid potash. These increases also 
ind icate changes in the distribut ion methods discussed 
later. 

USAG E TRE NDS BY COUNTY 

Fert ilizer used on Minnesota farms as report ed in the 
1964 Census of Agriculture accounted for 93 percent of 
the fertilizers used in 1959 and 87 percent of those used 
in 1964. County data indicate that the heaviest ferti lizer 
usage on farms in 1959 was pri marily in Polk and Mar
shaIl count ies of th e Red River Valley area and in south 
central counties of the sta te ( figure 2 ) . The same general 
area s were the heaviest fertilizer users in 1964 also ( fig
ur e 3 ) . 

The grea test increase in fertilizer usage from 1959 to 
1964 also came in these areas and in the southwestern and 
west centra l area s of the state. Th e eastern and east cen
tral areas changed very litt le or even de creased in the 
quantity of fertilizer used during the same period. Twenty 

3 Th e 1963 Fertilizer Summary Da t a by States an d Geograph ic Areas, 
op . cit. , pp. 116, 42 , 45, 54 , and 56. 

, These d at a we re devel oped from t onnage r eport s of ferti.lizer sold tor 
use in Minnesota in 196 0 and 19 64. Th e reports were p rov ided f or this 
st ud y by the M innesot a Dep art m ent of Agriculture. 
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1955� 1960 196 2 1964 1967 1969 

4 1.1� 45.0 46.7 50 .6 51. 6 52.7 
27.9� 3 1.6 32.9 35. 2 37 .6 38.8 

42.2� 44. 0 4 5.7 49.6 51.8 53.9 
27 .9� 3 1.8 33 .4 35.8 39.2 39.5 

Table 4.� Fert ilizer by rat io composition sold for use in 
Minnesota, 1960 and 1964 

Percent 
Ferti lizer 1960 1964 change 

(thousand tons) 
Phosphate and potash only 28.9 36.4 26 + 
Nitrogen and phosphate only 

Rat io 1-1-0 · . .. .. . . .. . 13. 5 14.2 6+ 
Ratio 1·2-0 and 1·3·0 .. .. 16.5 47.5 +1 88 
Ratio 1-4·0 · . . . . . . . . . . 26 .4 13 .0 51 

Complete mixed dry fert i l izers 
Rati o 1·1- 1 · . . .. . . . . . . 22. 3 29.3 32 + 
Rat io 1·2·2 · . . . . . . . .. . 16.5 19 .9 21� + 
Rat io 1·3-1 · . . .. . . . . . . 8.1 21.4 + 163 
Rati o 1-4-2 · . . . . . . . . . . 79.4 85.7 8+ 
Rat io 1-4-4 · . . . . . .. . . . 110.8 151. 7 37� + 
Other ratios · . .. . . . . . . . 59 .9 80.7 35�+ 

Straight materials 
Solid nit rogen materials .. 20.7 3 1.0 50+ 
Anhydrous ammonia . . . . 6.3 19.4 + 206 
Nitrogen solut ions . . . .. . 16. 8 70 .1 +31 9 
Solid phosphates . .. . . . . 29.1 4 1.0 4 1 + 
Solid potash . . . . . . . . . . 10.4 36.7 +253� 

Liquid mixes . . ... . . . . . . . . 15.2 16.3 7�+ 
Other . .. . .. . . . . . . . . . . . . . 1.8 3.0 69�+ 

TOTA LS ~' . . .. . . . . . .. .. 482.8 71 7.7 + 49 

• Tota ls a re der ived from unrounded figu res. They d iffer from the data 
i n t able 1 because d ifferent me thods of d ata coll ect io n we re used . 

of 87 counties reported less fertilizer used on farm s in 
1964 than in 1959. Many decreases probably were due to 
a decline in crop agriculture in these counties. 

The percentage of producing cropland fer tilized also 
indicates an import ant geographic trend from 1959 to 
1964.5 Many eastern Minnesota counti es used fertilizer 
on a smaller p roporti on of their producing cropland in 
1964 than in 1959. The western and south central counties 
fertilized a larger percen tage of acres dur ing this period, 
however ( figure 4 ). The extreme southwestern counties 
showed the largest group increases. This may be du e in 
part to the extremely low use level in 1959 or may indicate 
the beginning of a trend. 

Nea rly every county in th e state could expand fertil 
izer use by following fertilizer practices on mor e acres of 
cropland. 

5 Producing crop land i s croplan d ha rvested and cro pl and pa stured. 



Key Tonnage R'aoges 
Less t han 1,000 
1,000 · 4,999 
5,000· 9 ,999 

~ 10,000 - 14,999 
15,000· 19.999 
20,000 and over 

Source: Derived from U S cen sus of Agricyltyre ' 1964 (preliminary 
report} , U.S. Department of Commerce. Washington D.C., March 1966. 

Figure 2. Tons of fer t ilizer used on Minnesota farms by county , 1959. 

Ton nage RangH 
Leos than 1,000 
1,000 · 4 ,999 
5,000· 9 ,999 

10,000· 14,999 
15,000 • 19,999 
20,000 and over 

Source : Same 8. figure 2. 

Figure 3 . Tons of fertilizer used on Minn esota farms by cou nty, 1964. 

Counties that decreased 
.:Jr just mainta ined the 
percent of producing 
cropland fertilized from 
1959-1964. 

State - 33/39 

Source: Same as figure 2. • 

Figure 4. Percent of producing Minnesota cropland fertilized by coun
ty,1959/ 1964 , 

Demand Factors 

The major reasons for th ese changes in consumption 
are : (1 ) price changes, ( 2) technical changes, (3 ) un
certaint y and risk, (4 ) capital availability and use, (5) 
th e "fertility gap," and ( 6) education and promotion. The 
fertili ty gap and ed ucation and promotion are discussed 
here. The other reasons follow in a techn ical appendix. 

F ERTI LI TY GAP 

There are at least two conc ep ts of a fertility gap. 
( I ) It is the difference betw een the quantity of soil 

nut rients removed by cropping and th e quantity of nut ri
ents retu rned to th e soil with commerc ial fertilizer . This 
indicates the extent that the nut rient s are being depleted 
from th e soil, taking into account addit ions to the soil by 
the way of crop residu es, animal excrements, and fixa
tions from the atmosphe re . 

(II) It is the difference between th e qu ant ities of 
nutri ents that should be applied according to fertilizer 
recommendations and th e quantities of plant nutrient s 
that actually are applied. Thi s concept measur es the de
gree that fertilizer is used in farming compa red to th e 
degree th at is recommended as profitabl e under most 
conditions. The first conce pt of a fertility gap, however , 
shows the relati ve amount of soil "mining" or soil "build
ing" in the state or county. 
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1. Plant nutrient s removed by 13 Minnesota crops 
compared to tonnages sold identify a substantial "fertility 
gap" for each year from 195.5 to 1966 ( figure 5 ). Th e gap 
for P20S in 1955 was eliminated by 1966; the nitrogen gap rn 
was redu ced during this period; and the gap for K20 o

z 

remained nearly unchanged. f-

Th e fertil ity gaps were identified using a procedure a
z 

used by Mun son." Th e quantity of plant nu trients removed <l:g 100 - __
by cropping is far greater than the amount replaced by fer 1
tilizer. For the fertilizer year 1961, Minn esota farm ers J: 

used only 65,102 tons of N, 119,689 tons of P205, and 
f- 0 

73,975 tons of K20 . During the previous crop year, an -10 0 '--- -,---__----:- ~ 

estimated 259,234 tons of N, 149,450 tons of P20S , and 
19 55 19 5 7 1959 1961 1963 19 65

268,62.3 tons of K20 were removed by th e grain, hay, and 
tubers of eight major crops. Therefore, nutrient min ing of FE R TILI ZER YEAR (196 3 -JUN E 3 0 , 19 6 3 -J U L Y 1 ,1964) 

Minnesota soils by crops occurred that year. According to 
Exam p le : Nutrien t s sol d for consu m pti o n i n M innesota b etween Junethe known patterns of ferti lizer use and crop produ ction , 
30, 19 6 3, an d Ju ly 1, 1964, were sh o r t of replac ing the nu trien t s resoil mining has been happening since Minn esota ag ricul moved i n the 1963 c ro p year by t he amount i n dicated . 

ture began. 'With the increased use of fert ilizer in recent 
years , some progress has been mad e toward reducing F.igu r e 5. Plant nutrients removed by 13 Minnesota crops not replaced 

soil minin g. by fertil izer sold. 1955-66. 

Fertili zer applicati ons in th e 1966-67 fer tilizer year 
came somewhat closer to repl acing the plant nutrients 
removed in 1966 by the same eight crops ( table 5 ) . Th e 
fertili ty gap is the largest for nitrogen and potash. Th e 

For a more complete picture of plant food removal gap for phosphate has disappeared considering only the 
and the fertility gap, the above procedure and conditions eight crops. Th e quantities of N, P20 " and K20 removed 
also were used to measure the p lant food remova l by 13 were calcula ted from prod uction figures and plant food 
major Minn esota crops. Tab le 6 shows these figures for removal information from various sources ( see appen dix 
1966 and the est ima ted tons of each plant nutrient aptable 1).7 
plied in Minn esota dur ing the 1966-67 fertilizer year. Th e 

" Mu nson . R. D.• " The Ferti li t y Gap i n Mi nnesot a," M in nesota Feed fertility gap based on thes e figures is larger than that 
Serv ice, March. 1962. based on only eight crops. By 1969 the ferti lity gap based 

7 Prod uct ion figu res f rom 1961 a nd 1964 is sues . Minnesota AgriCUltur
al St atist i cs. St at e-Federa l Crop and Livestock Report i ng Ser vice , Minne on the same 13 crops had closed substantially, pa rticu
sota Depart m en t of Ag r icul t ur e. 

Onl y the g ra in po rt io n o f the gra in an d o il seed crops was us ed in larly for nitrogen and P20 5 (table 7). 
ca lcu la t ing nu t ri en t re m oval bec au se st alks and straw g enerally are re II . Variation in soil typ e and fertility and in crop s� 
tu rn ed t o t he so i l. N it rog en removed by legumes wa s not counted be �
ca use of leg umes' ab ility to ut i l ize nitrogen f rom the air by sy m biot ic grown is important in determining the kind and amount� 
f ix ation.� of plan t nutrien ts to use . Fertilizer recommendations conFact ors not con sid ered in ca lcu lat ing p lan t fo od rem oval are (I) reo 
moval by past ure c rops . (2) removal of en ti re c ro p p la nt s for si lage , and sider th ese and many oth er variables. To estimate the ex
(3) re m oval by m in or c ro ps. Add it ions t o the so i l b y m an ures (i n excess 
of st raw) . free li ving n itrogen fix ing o rg anisms, and ot her natural sources tent of fertilizer usage in Minnesota with respect to 
are not cons id ered ei t her . recommend ed practices, fer tiliz er recommendations were The qu ant it y f ig ures of N, P,O , . and K, O applied here are f rom USD A 
es t im at es. (School. Wal te r . and others , " Consu m pt ion of Commerci a l Fer  agg regated for all crops by coun ty. The procedure, using 
t i l i ze rs and Pr im ar y Plan t Nut r ient s i n t he U.S. Ye ar Ended June 30 . 
1964 ," Com m erc ia l Ferti l izer and Plant In d ust ry. May. 19 65.) general suggestions for crop ferti lization in each county 

Table 5. Plant nutrient removal by grain, hay, and tubers of eight major Minnesota crops, 1960, 1963·64, and 1966. 

1960 ':' 1963· 64 1966 
Crop Tons Tons Tons Tons Tons Tons Tons Tons Tons 

N P2Or, K ~O N P~O r, K20 N P~O r, K ~O 

Corn . . . . . . . 139 ,16 6 54 ,120 38,657 159 ,100 61 ,872 44 ,195 180 ,986 58,466 50 ,274 
Wheat . . . . . . 16 ,589 8 ,29 t 4 ,976 13, 56 1 6,780 4 ,068 11,448 5 ,724 3 ,434 
Oats . . ... . . . 59 ,18 2 23 ,673 27 ,7 54 53,056 21,2 22 16 ,12 9 43, 215 17 ,286 13 ,137 
Barley . .. .. .. 13,446 6,35 ') 4 ,482 11 ,388 5 ,176 3 ,7 53 9 ,222 4 ,192 3,039 
Soybeans . . . t 18,283 28, 738 t 25,333 40, 183 t 3 5,03 6 55,170 
All hay . . .... 23 ,507 :j: 3 7 ,840 170 ,280 2 1,897 40 ,005 167 ,8 57 21 ,802 40 ,470 170,000 
Potatoes ... . . 2,296 885 3 ,736 2,335 920 4,457 2 ,032 800 3,879 

TOTALS 254 ,196 149,450 268, 623 261 ,337 161 ,308 290,642 268,70 5 161 ,974 29 8 ,933 
Nutrients 
applied . . . . . . 65 ,102 119 ,689 73 ,975 95,2 17 168,830 100,888 188 ,123 211,695 174,551 
* These f ig ur es are consi st ent w ith those of R.D. Munson (see footnot e 6).� 
t Soybeans and ot her legumes pr im ar i ly us ed n it rog en t ha t is f ixed by sy m biot ic org an isms.� 
t Adjusted to a le ve l co nsistent w it h t he m ore rec ent ca lc u lat io ns w ith perm issio n of t he ori g inal au t hor.� 
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considering soil typ es, is explained in appendix table 3.8 However, a part of the animal excrement gets distr ibu ted 
The information compiled for Minnesota's 1964 crop year on cropland and contributes significantly to soil fertility . 
suggests that approximately 289 thousand tons of N, 387 The aggrega te recommend ations , adjusted for the esti
thousand tons of P20 S, and 384 thousand tons of K20 are mated contributions of manure, are 221 thousand tons of 
recommended d iscounting the contribu tion of manure. N, 309 thousand tons of P20 S, and 293 thousand tons of 

K 20 .9 

S In g enera l. th e level recomm ended wa s th e av er ag e for go od m an 9 Th e fe rt i li t y cont r ib ution of m an u re was est im at ed f ro m county li ve
age m ent co nditions rat he r t han t hose t ha t wo uld resu lt in t he h ig he st st ock n umber s. It i s as su m ed th at 25 percent o f t he N a nd 40 percent of 
yie ld s. th e P, O, and K,O ac t ua lly became inco rpor at ed into t he so i l (appen dix 3) . 

Table 6. Plant nutrient removal in Minnesota by 13 major crops in 1966. 

Plant food removal- tons 

Crop Product ion N P~0 5 K20 

Corn .402,192, 000 bu. 180,986 70 ,384 50 ,274 
Wheat 18,3 18,000 bu. 11 ,448 5,72 4 3 ,434 
Rye . . . . . . . . . . . . . . . . . . . . . . . . . .. 1,340,000 bu. 938 603 375 
Oats 138,291 ,000 bu. 43 ,21 5 17,286 13 ,138 
Bar ley . . . . . . . . . . . . . . . . . . . . . . . . . 20, 960,000 bu. 9,2 22 4 ,192 3,039 
Flax 3 ,838,000 bu. 4 ,030 1,285 1,075 
Soybeans 80 ,544 ,000 bu. 35,036 55,17 1 
Alfal fa hay 6 ,479,000 ton 32,395 145,77 8 
Other hay , 1,615,000 ton 21,802 8,075 24,226 
Sugar beets 1,554 ,000 ton 2 ,914 1,166 2 ,719 
Pot atoes , 12 ,3 17,000 cwt. 2,033 800 3 ,879 
Peas . . . . . . . . . . . . . . . . . . . . . . . . . . 65,3 10 ton 654 164 327 
Sweet corn . . . . . . . . . . . . . . . . . . . . . 493,500 ton 1,975 741 494 

TOTALS removed . 279 ,217 177 ,851 303 ,929 

Sales volume 1966·67 F.Y . 188,123 211,695 174 ,55 1 

Gap . 91,094 - 33,844 129,378 

Gap assuming a nonfarm use 
factor of 15 percent . 119 ,3 12 - 2 ,090 155,560 

Table 7. Plant nut r ient removal in Minnesota by 13 major crops in 1969. 

Plant food removal- tons 

Crop Product ion N P2 O" K20 

Corn 4 17,690,000 bu. 187,960 73 ,096 52,2 11 
Wheat . . . . . . . . . . . . . . . . . . . . . . . . . 24 ,607 ,000 bu. 15,37 9 7 ,689 4,613 
Rye . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 ,142 ,00 0 bu. 1,500 964 600 
Oats 193,368,000 bu. 60 ,427 24 ,17 1 18 ,369 
Barley . . . . . . . . . . . . . . . . . . . . . . . . . 28,842,000 bu. 12,690 5,768 4 ,182 
Flax 6,270,000 bu. 6,538 2 ,100 1,755 
Soybeans 78,008,000 bu. 33 ,063 52, 255 
Alfalfa hay . . . . . . . . . . . . . . . . . . . . . 6 ,272 ,000 tons 3 1,360 14 1,120 
Other hay . . . . . . . . . . . . . . . . . . . . . . 1,66 7,000 tons 22 ,504 8,335 25,000 
Sugar beets 2 ,366,000 tons 4,436 1,774 4,140 
Potatoes , 15,475,000 cwt. 2,553 1,005 4 ,874 
Peas . . . . . . . . . . . . . . . . . . . . . . . . . . 80 ,280 tons 802 200 401 
Sweet corn . . . . . . . . . . . . . . . . . . . . . 608,400 tons 2 ,433 9 12 608 

TOTALS removed . 3 17,267 190,437 3 10,128 

Sales volume 1968-69 . 339 ,78 9 280,269 213,900 

Gap " . - 22,522 - 89 ,832 96 ,228 

Gap assuming a nonfarm use factor of 15 percent . 28 ,446 - 47 ,792 128,3 13 
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The total p lant nutrient recommendation is approxi
mately 82.3 thousand tons for 1964. Compare this to the 
estimated 311 thousand tons used on Minnesota farms in 
1964.' Th is was only 38 percent of the amount recom0 

mended and resulted in a fert ility gap of about 512 thou
sand tons of nu trients, or about a 1,024 tho usand ton gap 
of fertilizer mixture and mater ials. 

The quantities used of N, PzO.-" and KzO are not easily 
estimated on a county level. However, the recommended 
tonnage of total nutrients for each county can be con
verted to an equivalen t tonnage of fertilizer conta ining 
an average of 50 percent plant nutrient. T his equiva lent 
fertilizer tonnage was compared to the estima ted tonnage 
applied in each count y in 1964 to de termine the fertili ty 
gap for each county. F igure 6 shows the county fertility 
gap determined by this metho d and expressed as tons of 
fertilizer with an average plant nutrient content of 50 

Tonna ge Ranges 
percen t. Th e lar ger counties tend to have larger absolu te 

0 - 4.999 fer tility gaps, as expected. The south central counties have 5.000 · 9.999 
10.000 · 14.999 sma ller relative fer tility gaps than any other major agricu l 15.000 - 19.999� 

tural area. 20.000 · 29.999� 
30 ,000 and over 

Table 8 shows the fertility gap for selected crops for 
th e sta te as a whole in 1959 and 1964." Wi th this, it is 
impract ical to measure manure's contribution to each 
crop. Thus, the figures give a larger fertility gap than 
pro bably exists. The gap has been reduced substantially, 
but rem ains large for corn and other crops between 1959 
and 1964. Potatoes appear to be receiving the recom
mended fert ilizer. Th e fertility gap for hay and cropland 

Source: See appendix tab le 3. pas ture is large both absolutely and relatively and reveals 
a major deficiency in crop management and fertilizer usc. 

Figu re 6 . Fertility gap by cou nty (value of manure consid ered), 19 64. 
Poten tial for increased ferti lizer use is subs tan tial for 
nearly all crops. The exact potential on a crop basis con
side ring the manure con tribution is not revealed , however. 

The fertility gap approach to ana lyzing the pro gress of 
the fertilizer industry may be limited to comparing fer til

duction inputs and between the price of fert ilizer and the izer use in the sta te or a county wit h an established norm 
such as fertilizer recommendations. Fundamental factors value of additional pro duction from its use. The way the 
influencing the fert ilizer industry's pot en tial are the rela price of other inputs affects the use of fertilizer may be 
tionships between the price of fertil izer and other pro - indicat ed in the high land value and high fertilizer use in 

the south central Minn esota counties. 
10 Based on ton s of f ertili zer used on fa rms as reported in th e 1964 

Census of Agricu lt u re an d an averag e nut r ie nt co nt en t o f 50 percent . Th e EDUCATIO N AND PROMOTION n ut r ient con t ent of a ll fert il izer m at er ial and mi xt ure w as approxi mately 
50 percent in 1964 accord ing t o " Consum pt ion of Fert i l izer and Prima ry 
Plant Nutrient i n t he U.S. Year End ing J une 30. 1964 ," Commer cial Fer· Most farmers are practitioners of farming techniques 
tilizer an d Plant Food In d us try. 

11 Appe nd ix t able 4 sho ws count y g aps by crop s. rather than innovators. Conver ting an innovation into a 

Table 8. State fert il ity gap by crop, 1959 and 1964.,;: 

1959 1964 
Tons used as Tons of Tons used as 

Tons of Tons of percent of fertil izer Tons of percent of 
ferti lizer fert ili zer Tonnage recorn- recom- fertili zer Tonnage recorn 

recomm ended t used t gap me nded mended t usedf gap men ded 

Hay and cropland 
pastu re . . . . . . . . 786 ,824 56,302 730 ,522 7% 666 ,685 62 ,262 604,423 9% 

Corn . .. . . . . . . . .. 1,175,010 332,226 842 ,854 28 802 ,136 392,699 409,437 49 
Soybeans . . .. . .. . 125,212 6,460 118,7 52 5 123,826 11,128 112,698 9 
Potatoes . . . . .. . . . 20,668 13 ,421 7 ,249 64 18,127 17,11 7 1,010 94 
Other crops 747 ,730 102,620 645 ,110 14 513,177 138,595 374,582 27 

TOTALS 2,855,514 511,029 2,344 ,485 18 % 2,123 ,951 62 1,801 1,502,150 29 % 
• A ll data are derived f rom co unty fi gu res and aggrega t ed fo r st ate t ot als. The nut r ient va lue of m an u re is not con side red.� 
t Based on n ut r ient re com m end ations ac cord ing t o so i l type and co nverted t o t ons of f ert i l izer cont ai ning 50 pe rc en t p lant nu t r ients. T he same level of� 

recom m endat ions app lies t o both years. 
t From t he 1964 U.S. Cen sus of Agric ulture. County Dat a Prel im inary Report. U.S. Depart m en t of Com m erce. Wash ington. D.C.• M arch 1966. 
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practice requires education an d leaming." This is true 
with fertilizer also, Pr esentin g the economics of fer ti lizer 
use to farmers was begun by public-supported institu
tion s, mainly un iversities, and the Cooperative Extension 
Service, They employed numerous tool s to demonstrate 
and proj ect the increased information ab out fertilizer use. 
The fertil izer industry recognized the returns of thi s edu
ca tion and promotion and began to supplement th e pub 
lic programs. Pri vate industry now probab ly p lays the 
leading ro le. The knowled ge of the fertilizer dealer, who 
is trained large ly by the firm he represents , grea tly affects 
dealer sales and profit.' >Those who kno w more about the 
economics of ferti lizer, its use, and associate d services 
also sell mor e and genera lly are b etter pr epared and more 
confident in impa rting fer tilizer knowled ge to their far mer 
cus tome rs. 

An Iowa study showed tha t farmers need additional. 
in formation about fertilizer and its use.' ! When given a 
basic test abou t fertilizer, the average farmer correctly 
answered only about half of the mul tiple choice ques
tion s. However, da ta from a random sample of 315 farm 
ers showed a highly significant relationsh ip b etween th e 
farm er 's knowled ge about fer tilizer use and the knowl 
edge and intensity of fertilizer use per acre of corn . This 
relationship held for all sizes of far ms as measur ed in 
cro p acres. 

In th e same study, th e importance of kno wledge 
ab out fertilizer use was shown again. The farmers were 
asked to rank th e th ree most important from a list of 
factors th at migh t limit th eir fertilizer use . The six most 
freq uen tly listed were : 

Percent checking� 
items as one of� 

three most importan t� 
limiting factors� 

1. Purch ase cost� 59 

2.� Risk and unc ertainty in use 32 

3. Lack of necessar y application 
equipment 25 

4.� Low ret urn per do llar invested 14 

5.� Pro blem with hand ling and applying 12 

6. L andlord� 12 

The report suggested th at the largest limi ting factor , 
purchase cost, cou ld be met head on by info rma tion 
ab out the economics of fertilizer use.' " If th e farm er is 
receptive to thin king about returns or benefits rather 
than costs, fert ilizer use is favored . This limitation should 
b e one of th e easiest to refu te. 

The farmer, wh en h uying fer tilizer according to cost, 
may save 50¢ to 75¢ per acre. Proper fertilizer use realis
tically can earn a farmer $10 to $20 per acre.l" Thus, to 

" Gr ili ches, Zvi, " Are Farmers Irratio nal?" Journal of Poli t ic al Econ o
my. Vol. 68. No.1 , February, 19 60 . pp . 68·7 1 (a re view of Je sse W. Ma rk· 
ham, The Fer t i li zer Indus t ry : Study of an Imperf ect M arket, Va nderbi lt, 
U .P., 1958). 

13 Beal , G.M., Joe Behl en , and Lar ry Campbell , " The Cri tical Ro le of 
Fertili zer Know ledge in Fert i li zer Sale s," Commercia l Fert il izer an d Plant 
Fo od In dustry, Ap r il , 196 1, p. 23 . 

H Ibid. 
" Ib id. 
rc Ib id . 

enco urage fertilizer use, impart information abo ut the 
economics of fer tilizer use to far mers through various 
service fun ctions. Risk and uncertainty in use, low re
turns per doll ar invested, uncooperative lan dlords, and 
some of th e facts ment ioned less freq uently all may 
spring from a lack of knowled ge about fertilizer. 

The promotion of fertilizer use through programs to 
improve knowled ge has increased grea tly since the Iowa 
study." It is unli kely th at th e same farmers wo uld rate 
so poorly on a fer tilizer knowledge test now. Improved 
knowledge probab ly played a bi g par t in the 100 percent 
increase of fertilizer use in Iowa from 1960 to 1964. 

Implicit in fertilizer knowledge, and concomitant to 
fertilizer use, is th e recomm endati on of the most profita
ble am ounts and proportions of p lan t nu trient s. The fer
ti lizer recommendat ion as a guideline for fer tilizer use 
has become a main educational tool in fe rt ilizer promo
tion . Using this tool is good becau se, when executed 
pr operl y, it supposedly employs both the technical an d 
economic aspects of fer ti lize r use. These aspects generally 
are based on th e imp artial research find ings of various 
publi c institutions. Yet th e pr ecise meaning of a fertil izer 
recommendation is somewh at vague. What does a fertil
izer recommendation mean ? W ha t is th e tech nical and 
economic hasis for it ? These questions are not easily 
answered. It appears th at th e four principal considera
t ions' " in a fertili zer reco mme ndation are : 

1. the relative availability, as de termined by che mical 
analysis, of nutrients in the soil; 

2.� other sources of nutrients and past cropping histor y; 

3.� th e likely var iati on of the pr od uction fun ction and 
an attempt to maintain the marginal ret urn above 
th e ma rgina l cost to allow for th e unce rtai nty in
volved and for other uses of capital; and 

4.� th e farm operat or 's yield goal as an indicati on of 
his confidence in his farming pra ctices, willingness 
to accept risk , and op inion of weather vari ability 
and su itab ility for crop production. 

The conside ration that probably causes the most prob 
lems in maki ng a fertilizer recommend ation is number 3. 
The data avai lable on fer ti lizer response un der various 
conditions and for various soil types are too limited for 
good estimation of producti on fu nctions. Despite this 
limitat ion, the items considered for a fe rti lizer recom
mendation are elements of fertilizer use that a re un der
stood better afte r th e recommendat ions are followed . In 
th is way, fertilizer knowled ge increases. 

W hat is th e probab le rol e of knowledge in the future? 
Assuming th at farmers are practition ers of techniques, it 
see ms reasonable that p romotin g or presen ting future 
techniques will continue to be an educati onal process. 
However, fertilize r has reach ed the status of a conven
tional farm inpu t in many areas. In the future, pr ice 
variables may be relatively more important th an knowl
edge becau se far mers ar e acq ua inted now with fertilizer. 

11 For exam p les on t he us e of ed uca tional p rog ram s as m et hods of 
nonprice compet i ti on see: Warren J . Sharrat , op . c it .; W. L Ballew, "Mixe d 
Good s Marketing-Local Are a Produ cers : ' Commercia l Fert i li zer and Plant 
Foo d Ind ustry. February, 1964; and R. G. Wals h , " Im pact of Bu lk Blendi ng 
on th e Fert i l ize r Market : ' Fa rm Chem ica's, October , 1964. 

18 This interpretation by t he auth ors d raws from th e M in nesot a Experi
m ent Stat ion Specia l Report t1 and f rom co ns ul t at ion s wi t h Soil Scien
tist s an d Farm Man agem en t Spe cia l is t s. 
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Or, stated another way, a greater effort must be made to 
keep th e same percentage increase in fertilizer use.!" 
H owever, the tr end toward fewer and large r far ms re
duces the number of indi vidual farmers who must be 
educa ted . A farmer adopting a new pract ice will affect 
larger acreages and cause more change in fertilizer prac
tice. Thus, arguments could suggest that knowledge could 
play an even greater role. To some degree th e question 
remains ope n. 

T his might suggest a similar tr end. With fewer farm
ers, each more receptive to learning and using innova
tions and with extensive promotion and educational pro
grarr{s, agriculture may get closer to a state of "perfect 
technical knowledge" with respect to fertilizer use. 

The determinants of fer tilizer demand discussed show 
existing variables that have either a positiv e or indeterm i
nant effect. Yet the impact of demand determinants has 
not been uniform geographically. One would expect 
man y of the technical and price factors to h ave a rela
tively un iform impact over a wid e geog raphic area . Th e 
direct impact of knowledge on fertilizer use and its indi
rect effect through uncertainty and capital rationing 
wo uld be expected to vary and be expressed as geogra
phical variat ion in fertilizer use practices. An example of 
thi s is the variation in fertilizer use in Minnesota coun ties. 
T he relationship between amounts of fertilizer used to 
the aggregate fer tilizer recommendations ~or each. ~oun t.y 
may be interpreted as the degree to wh ich fertilizer IS 

regarded as a standard pract ice ( figure 7 ). 

Co unties in south centra l Minn esota seem closer to 
follow ing conservative fertiliz er recommendations than 
counties in other areas . There is room for substa ntial im
provement in all areas of I Iinn esota, however. F igure 2 
shows the geographical patterns of fer tilize r use in Min
nesota. The highest concentra tion of use is in south cen
tral Minnesota and, to a lesser degree, the Red River 
Valley. Use is less concentrated moving awa y from these 
areas. It is logical that fertilizer use develops geographi
cally as response to fertilizer use becomes know n with in 
a community. 

Through service-oriented promot ion, competi tion in 
fertilizer distribution has contributed to far mers' knowl
edge of ferti lizer use. Leaders in this ac tivity have been 
fertilize r blenders in Minnesota." Consequently , one 
would expect fertilizer use to have increased more in 
those countries first served by blendin g plants. F rom 
1959 to 1964, the average tonnage increase in counti es 
with one or more blend ing plants in 1959 was abo ut 
twice the average increase in the counties with no blend
ing pl ants. While this seems to support th e hypothesis, 
th e results were not statistically signifi cant due to a large 
variation in the change in fertilizer use from 1959 to 1964 
in both categories of counties. 

H ave there been more incen tives to improve knowl
edge of fertili zer use in some areas than in others? To 
examine what these incent ives might be, four counties 
in each of five fertilizer use categories were selected ran

,. Heady, E.O. a nd Mart in H. Ye h, " Fa ct ors Relating to U.S. and Re · 
gi o na l De ma nd for Ferti lizer," Comm ercia l Fertil izer and Pla n t Food In · 
dustry , Mar c h, 1960. 

20 Sharrat . Wa rren J., " Com pet it ion is Growing in M innesota," Farm 
Chemica ls, Ma y, 196 4. 

Source: See figures 2 and 6. 

Figu re 7. Fertilizer app lied as a percent of fe rt ilize r recommended, 
1964. 

domly. 21 Data on land value, farm size, and percentage 
of harvested acres ferti lized in these counties were con
sidered potentially useful and are given in table 9, 

The mean land value for each category is progres
sively lower for lower categories of fertilizer use . This 
imp lies two relations : (1) fertilizer is substituted for 
land more readil y whe re land values are higher and (2) 
a close correlation probably exists between land value 
and the land's capacity to ab sorb profitably more units of 
fertilizer. This second relationship may impl y fur ther 
that the ferti lizer recommendation in figure 2 may be 
much too low for high land value counties and/or too 
high for low land value counties, 

Somewh at in support of th is implication is the com
parison of th e percentage of harvested acres fertilized 
with the fertilizer used as the percentage of aggrega te 
recommend ations on a county bas is. Th e latt er was 
greater than the former for county groups I, II, and III. 
Th is indicates th at average usage rates were higher than 
those used in establishing the recomm endations. For cate 
gories IV and V, the reverse is tru e. 

21 The us e categories based on fig ure 2 were: 1.- 60 percent and over; 
11.-45·60 pe rce nt ; 11 1.-30-4 5 perce nt ; IV.-15-30 pe rcent ; an d V.- Iess 
t ha n 15 perce nt. 
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Table 9. Relationships of farm size, acres fertilized, and fertility gap by county groups in Minnesota, 1964. 

Percent of Fertilizer used 
Average harvested as percent of 

fa rm 
County size 

I. Faribault . 234 
Blue Eart h . 209 
Freeborn . 184 
Watonwan . 221 

Mean . 212 
II. Chippewa 

Sibley 
Steele 

. 
. 
. 

259 
187 
170 

Nicoll et . 214 

Mean . 207 
III. Houston . 230 

Dakota . 197 
Wright 
Wabasha 

. 

. 
140 
233 

Mean . 200 
IV. Todd . 183 

Otter Tail . 230 
Clearwater . 253 
Kanabec . 197 

Mean . 215 
V. Koochich ing 

Cass 
. 
. 

233 
244 

Wadena 229 
Belt rami . 251 

Mean . 239 
Minnesota . 234 

Land 
value 

ac res 
f ert ilized 

fert il izer 
recommended 

3 12 
292 
285 
255 

52 
45 
55 
47 

76 
64 
77 
61 

286 50 70 
183 
3 11 
260 
289 

43 
37 
49 
42 

51 
49 
58 
58 

260 43 54 
11 6 
363 
218 
138 

34 
47 
24 
34 

44 
39 
33 
3 6 

209 35 38 
98 
94 
46 
76 

24 
25 
31 
27 

21 
19 
22 
18 

79 27 20 
48 
50 
55 
49 

11 
13 
22 
14 

11 
5 
9 
6 

51 15 8 
168 42 

Source: u .s. Ce ns us of Ag ric ultu re 19 64 , Pre lim ina ry Re port, Count y data, u .S . De pa rt me nt of Com me rce . 

Supp orting the hypothesis that improved knowledge 
causes the geographical pattern of fertilizer use is the 
decreasing percentage of fert ilized , harvested acres in 
count ies which use lower percentages of the recom 
mended fertilizer levels. While this conflicts somew ha t 
w ith the notion in the previous paragraph, the data leave 
room for both arguments. However , the samp le is small 
and without support of useful sta tistical tests. 

Looking at county averages, farm size explains noth
ing abo ut the development of a fertilizer use pattern. 
However, data permittin g, it would be important to iden
tifying fut ure ferti lizer use trends to learn if larger farm s 
tend to fer tilize more of their crop acres and use higher 
ra tes than do smaller farms. If th is is tru e, the tr end to
wa rd larger farms migh t be a measurable determinant of 
fertilizer demand. 

The increased fertilizer demand is a tribute to th e 
educational programs of industry and un iversities whi ch 
promote better farm management. Th e adoption of soil 
testing and fertilizer and lime recommendations made 
fro m soil tests h as been a pr incipal factor in the Minn e
sota fertilizer industry's growth . A soil test furni shes a 
far mer with dependable information on th e lime and 
fertilizer needs of crops grown on his fields. In addition, 
summaries of soil test resu lts indicate the overall fertility 

status of soils in given are as of the state." Th ese sum
maries, whi ch are very valu abl e to farmers, also are use
ful to the lime and fertilizer industries because they point 
out th e areas where specific produ cts are most needed. 
These educational programs have proven, th rou gh farm 
experience, that fertilizer is one of the farm inputs yield 
ing the greatest return per doll ar invested when its use 
is based on a soil test. At cur rent fertili zer use levels, th e 
oppo rtunity is great to increase farm productivity and in
come by increasing fertilizer use. 

III. Fertilizer Production and Distribution 

Primary Production 

Primary production of pl ant nutrient s converts th e 
natural form of th e element into a basic material suitable 
for combination into mixtures or direct application. Four 
elements - nitrogen, phosphorus, potassium, and sulphur 
- are basic to th e production of the fertilizer forms of 

22 Grav a. John , Fert ility Sta tus of Minn esota Soils a s S hown by Soil 
Te s ts , Univers ity of Minnesota Ag r ic ultu ra l Experim e nt Stat ion Misc e l· 
la neo us Re po rt No. 56, 19 64 . 
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N, P, and K. Sulphur, in the form of sulphuric acid , is 
necessary to produce soluble phosph ates from ph osphate 
roc k. 

LOCATI ONAL PRODUCTION OF 
PR IMARY NUTRIE NTS 

Current ly, nit rogen product ion is largely a process of 
combining atmospheric nitrogen with hydrogen from 
natural gas or oth er carbonaceous material to form an
hydrous ammonia (NH 3 ) . Natura l gas is now the pre
dominat e input for NH3 synthesis. In choosing a location 
for an ammonia plant , a source of cheap feedstock and 
the po tent ial market are major considerations." 

Th e basic source of phosph ate fertilizer is phosph at e 
rock. The primary rock phosph ate mining area is Florida, 
although deposits exist in Tennessee, North Carolina , and 
Western States also. The acidulation of ph osph ate rock 
by either sulphur ic or phosphoric acid produces the nor
mal and concentrated forms of superphosphate. Th e di
ammonium phosphates used extensively in blending and 
mixing are a pr oduct of ph osphoric acid and amm onia." 

In recent years, New Mexico has been the major sourc e 
of potassium salts for th e fertilizer industry. While th e 
Carlsbad, New Mexico area probably will continue to 
supply th e major share of potash for the U. S., deposits in 
Utah , Californ ia, and near Saskatoon, Saskatchewan are 
likely to become increasingly important. 2S 

PLANTS AND CAPACITY 

Minnesota is not a ph osphorus or potassium source, 
but primary plant nutrients are produced in the sta te. 
Sufficient capacity for ammonia and ammonium nitrat e 

23 " The Nitrogen Pictu re. 195 7 Model," Journ al of Agric ulture and Food 
Che m icals, Au g ust 1957, (a staff report ), p . 574. 

" Fert i li zer Tr end s 19 64, op . cit., pp . 5·6 . 
'" Ibid. 

production has made Minnesota a net exporting state in 
nitrogen for 1964.26 However, product ive capacity in the 
entire fertilizer business is expanding faster than fertilizer 
use. This appears to be part icularly tru e for nitr ogen." 

Phosphoric acid is produced in Minnesota primarily 
for use in synthesizing diamm onium phosphate." Diam
monium phosphate capacity is nearl y 100,000 tons pe r 
year or 40,000 tons of P20 S equivalent. Table 10 com
pare s Minnesota plant capacity with that of the United 
States. Figure 8 shows the location of primary production 
in Minnesota. 

NEW MATERIALS AND METHODS 

The ind ustry consistently has developed new materials 
and new fert ilizers during its growth periods. Notab le 
examples are the high analysis fertilizer and the various 
granulation techniques that have improved the physical 
condition for technical combination of fertilizer. Th e 
diammonium ph osphates are examples of mat erials that 
have created considerable imp act in their contributions 
to the blending segment of the industry, 

Future items may include polyphosphates capable of 
a 0-54-0 sup erphosphate analysis or a 16-60-0 ammonium 
polypho sphate. Some of these materials appear to be 
better micronutrient carriers and have oth er high quality 
characteristics. A potassium polyphosphate with 56 per
cent of P20 S and 35 percent of K20 is being studied also. 
Urea ammonium ph osph ates with potent ial for grades 
such as 25-35-0 or 33-20-0 may be introduced soon. These 
TVA developed materials could lower the cost per pound 
of plant nutrients and affect bulk blending." 

au Fro m Capacity Dat a and N it rogen Used in Mi nnesot a, Mi nnesota De
partment of Ag ric u lt u re. 

:n Ferti l izer Tren ds, 19 64, op. cit. 
" M at her , J . W., " Sup p ly Coop s Pool Resour ces and Buy ing Power," 

N ew Farm er Coop s, Ja nuary, 196 2. 
ee Doug las , Jo hn R., Jr.• et al. Fertilizer Tr end s, 1964, i nc lud ing TVA' s 

activit ies. Nat ion al Fertili zer Dev elopment Cent er, TVA, Muscles Shoals, 
A laba m a, pp. 9·10. 

Table 10. Plant capacity, January 1, 1967, and estimated expansion for major fertilizer materials through 1968. 

1967 capacity Capacity expansion, U. S. 

Minnesota U. S. Plant expansion New plants? 
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Ammoniu m nitrate . . .. . .. . . . . . 1 
Anhydrous ammonia . " .. . .. . . . 1 
Urea . . . . . ... .. . . . .. . . . .. . . . 0 
Phosphoric acid 

(wet process) P20S . ... . ... .. 1 
Elementa l phosphorus . . .. . . . .. . 0 
Concent rated superphosphate .. . . 0 
Diammonium phosphate 
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Sourc e:� Doug las , Joh n R., Jr., Edwi n A. Hare, and E. L. Johnson , " Fert i li zer Trends 
velop m ent Cent er , Ten nes see Valley Authorit y, Mu scl e Shoa ls, A la bama. 

• New p la nts under construct ion or pl anned. 
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Fert i l izer Activ ities," Na tional Fert i li ze r De· 



o Chemical For mula tion to Grade 

• Ingredi ent Manu factu re 

Source : Minneso ta Depar tm ent of A gr icu lt ur e 

Figure 8 . Locat ion of pr ima ry fe rti lizer prod uction activit ies in Minne�
so ta, 1964 .� 

Other developments applying di rectly to bulk blend
ing have pro duced closely sized basic granular mat er ials 
for use in bulk blending. Compatible particl e size of ni
t rogen, pho sphate, and potash materials is essential to 
accura te mixing and sprea ding of bulk blended products . 

Liquid fer tilizer also shows promise of higher ana lysis 
through the use of superphosphoric acid in clea r solu
tions. Related to liquid fertilizers are the newly intro
duced slurry or suspension fertilizers. Th ey offer the ad
va ntages of liquid fertil izer without the disad vanta ge of 
low analysis. Slurrys can be made from a variety of solid 
materials held in suspe nsion by a specific process. A wide 
ra nge of grades is possible ." 

The industry is working on fertilizers with a h igher 
nutrient content, better physical quality, and lower cost . 
T hese fertilizers also may be more effective than tho se in 
use today . 

Fertilizer Manufacture 

The location of fer tilizer manufacturing depends 
mu ch more on consumption than does the primary pro
duction of nutrients. Merchandising methods and fr eight 
costs may be largely respon sibl e. The distribution of 
bagged fertilizer an d th e need for specific grades or 

3. Ibid. 
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• Phosp ho ric Acid 

o Diammonium Phosph ate 

A A mmonium Nitrate 

• A nhy drous Ammonia 

Sour ce: Minneso ta Departme nt o f A gr icu l tur e 

Figure 9 . Locat ion of fert ilize r man ufact uring act ivit ies in Minnesota, 
December 31 , 1967. 

ratios for soil and crop needs gen erally has placed manu
facturing plants in ar eas of high fertilizer use. However, 
a large operation is necessary for chemical formulation of 
materi als into many different grades. 

By December 31, 1967, Minn esota had licensed 35 
plants to manufacture dr y fertilizers to grade ( figure 9 ). 
Twenty-seven out-of-stat e manufacturing plants are li
censed to distribute in Minn esota. This rep resent s a de
crease in Minnesota plants and a sligh t increase in 
licensed out-of-sta te plants since 1965.3 1 

These plants have been formu lating an increasing 
nu mb er of grades and ratios to satisfy farm and nonfarm 
need s and to compete with the versatile bulk blending 
operations. There also has been a trend toward develop
ing out-of-state bulk handling systems and/or offering 
bulk spr eading service directly from the manufacturing 
plant. Th ese services and the gradually increasing de
mand for mixed fe rt ilizers probably have result ed in 
continued growth . 

According to Minnesota data, from 1960 to 1964 dry 
fertilizer manufacturing firms modestly increased their 
ton nage sale of dry mixed grades. However, since thi s in
crease did not keep pace with th e growth of the Minne
sota fertilizer industry, th eir share of the total market 
declined. Total fertilizer sold by the same firms increased 
more th an the mixed gra des increase. This indicates pro

31 St at e of M innesot a Depa rtment of Agriculture. 



portionately larger increases in sales of straight goods. 
However, the total market share of firms manufacturin g 
dry fertilizer decreased despite absolute increases in ton
nage. Tab le 11 summarizes fert ilizer sales as repor ted by 
dry fertilizer manufacturing firms. 

In Minn esota, liqu id mixed grade manufactur ing firms 
have not enjoyed the steady growth of their dry counter
par ts. Liq uid mixed fertilizer sales in Minn esota have 
been stable at about 17,000 tons per yea r."2 However, the 
nu mber of firms manufacturing liqu id fert ilizer in the 
sta te increased from 19 in 1964 to 26 by mid-1965 and to 
37 by mid-1966."3The potential market and comparatively 
low plan t investm ent required are factors att ract ing pro
ducers into the liquid mix fertilizer business. 

Distribution 

The distribution of fertilizer may be described by its 
mar ketin g process, from the origin in the usual raw state 
to its ultimate consum pt ion. Marketing includes transpor
tation, processing, handling, packaging, wholesaling, and 
retailing. Various facets of fertilizer distribution have been 
changing to some extent recently. Tr aditionally fertilizer 
moved from the primary pro ducer to the manufacturer
wholesaler to retail outlets (figure 10 ).31 Various storing, 
processing, handli ng, and packaging services were per
formed along the way. The retail outlets were fer til izer 
dealers, grain elevators, and various farm supply stores. 
Fertilizers usuaIly were bagged. New methods and modi
fications of old ones have revoluti onized fertilizer d istri
bution. 

Pr imary producers now seIl sizabl e quantities of ma
terials in two forms dir ectly to retail outlets, granulate d 
materials to bulk blenders, and liqui d nitrogen and anhy
drous ammonia to various retail outlets. 

Manufacturers-wholesalers continue to d istribute much 
fertilizer traditionally, bu t also distri bute sizable qu an
tit ies of bulk fertilizer through dealer bulk stations and 
d irectly to customers. 

Ot her important chan ges not seen readily include a 
lar ge number of mergers, acquisitions, and expansions 
that integrate the industry vertically." Integration has 
been both backward to primary prod uction and forward 
to retail out lets. Primary producers have merged with or 
acq uired manufactur ing firms and have developed cap
tive retail outlets, p rimar ily blending plants. Some petro
chemical firms recently have become basic in one or more 

"" Fertilizer Ana lys is a nd Regis tr at ion. State of Minne sota. Depa rt me nt 
of Ag riculture . 1961 , a nd m imeogra phe d s upple me nts for 1962·196 5. 

'" Minnesota Depa rt me nt of Agriculture, License App lica t ion s . 
.. Doug la s , J ohn R., a nd Robe rt D. Gris so , " Potentia l Va lue of Bulk 

Blending and Dist ribut ion to South ern Ag riculture: From an Econom ic 
St an dpoint," Southern Bulk Blending Confer ence , Knoxville, Te nnessee , 
Ja nua ry, 196 3. 

,., Abbott, J ohn. "Appra is ing the Ma rket Structure for Fert ilize r," Il
linoi s Experiment Sta t ion, 19 62, AE 3 763, pp. 19 ·22 . 

Primary Pro du cers 

Retail 
Dea ler Fa rme rs 

Hy po t heti cal Pr oduct ion and Dist ribut io n Channels for Bulk-Blended 
Fer ti lizer 

Pr im a ry Produce rs 

NOTE : Adapted fr om Eichars, Theodore R., "Cooperative Bu lk 
Fer t ilizer Blending in t he Upper Midwe st ," USDA Fa rme rs Co ope ra
t ive Se rvice General Report No. 122, J u ly 1964. 

Figure 10. Traditional and newly developing production and distribu
t ion channels for mi xed and blended fertilizers. 

nu tr ients and quickly have bee n acq umng old-line, 
mixed-good manufacturing firms, Some mixed-good man u
factur ing firms also have become basic in one or more 
primary nutrients. 'Within coopera tive organizations, inte
gration has occurred from the farmer-customer back 
through retail outlets to fertilizer manufacture and pri
mary production, 

The new activity in nearly all ph ases of the fer tilizer 
ind ustry affects distribution either directly or indirectly. 
Tabl e 12 lists seven fertilizer activities carried on for 4 
recent years by Minnesota and out-of-state (O .S.) firms 
seIling fertilizer in Minnesota. Most firms and plants en
gage in more than one activity. Thus, most plants that 
dry mix to grade also dry blend to customer formula. 
The rather marked increases in number of activities from 
mid-1964 to mid-1965 indicate the distribution revolution 

Table 11. Fertilizer sales by chemi cal formulation to grade licensees in Minnesota. 

1960 1964 

Percent of Percent of 
Tonnage yearly total Tonnage yearly total 

Dry mixed grades _ __. 3 26,8 17 67 .7 362 ,358 50.5 
Tota l fert il izer . . _ . 372 ,42 0 77 .1 461 ,066 64 .2 
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in the state. The increase in numbers of plan ts and activi Consumption Trends through Various 
ties resulted mainly from the entrance of new firms but Distribution Channels 
also from new plants and new activities of established 
firms ( table 13 ) . Concur rent with the trend toward increased tot al 

Th e industries respond ed to increased fer tilizer de fert ilizer use is the tr end toward increased bulk retailing. 
mand since 19,55 by developing bulk blending, liquid The dem and for systems of bulk handling is consistent 
nitrogen, liquid mixes, and various bulk hand ling systems, with the swing toward mech anizing farm ope ra tions. 

Mechanizat ion and an approximate $4 per ton ( of dr y 

Table 12. Fertilizer activities in Minnesota, by plants and firms. 

1963-64 1964-65 196 5·66 1966·67 

Number of Number of Number of Number of Number of Number of Number of Number of 
plants firm s plants fi rms plants firms plants firms 

Act ivity Minn. OS Minn . OS Minn. OS Minn. OS Minn. OS Minn. OS Minn. OS Minn. OS 

Dry blending to 
customer formula . . .. . 99 7 66 3 158 12 110 8 204 13 135 13 245 11 151 12 

Dry mixing 
to grade . ...... . . . . . 83 35 54 3 1 144 21 96 20 182 3 1 150 3 1 20 8 27 161 28 

Chemical formulat ion 
to grade .. . .. . . . . . . . 20 32 14 28 23 26 15 25 15 27 14 27 18 21 16 26 

Ingredients 
manufacture . . . . . . . . 6 30 5 28 6 23 5 23 4 3 1 3 30 2 32 2 33 

Liquid grade 
manufacture .... . . . . 19 23 15 22 26 16 18 16 52 22 19 22 59 18 19 20 

Liquid blending to 
customer request . ... . 9 2 7 2 26 3 13 3 37 4 24 4 50 3 26 4 

Special ity grade . . . . . . 5 2 5 2 8 26 8 26 6 5 2 5 15 28 8 29 

Table 13. New fertilizer activities in Minnesota, July 1, 1966 to July 1, 1967. 

>' 1Jl(1) (1) 2 Vi E (1) C� IJl 
r--. <.I) o lJl :J ..... IJl :J C :J :J o tID� (1) 

... E .c >. 'O ;: o E '0 ro 0 .:: '0' <.1) . _ - c IJl 
c tID 

- I.O ~	 ~ C-� 0OJ ~ <..> .-t::: '- '+- +J C+-' +-'ro 'ro ..a'- ro > C Q) 2 · ~ c o.~ tID c ro. ~ c '';:; I+- '> root8 ~ ..... (1)' - :J c c ..... :Jo. x ro ~ 0',;:; .ci5 ;: o.. ~	 UI- (j) u E;:c u oo ro;: (1) +-' O X (1) "Q. (1) U 
......� c :J (1) ._ ro E +-' "Q. (1) E(1) ..... 0 ro +-' 

Z� C E c E ' ~ (1)« c « oo x «,80� Z 
+-,� ... (1)..... 

Act ivity� Minn. OS Minn. OS Minn. OS Minn. OS Minn . OS Minn. OS Minn . OS 

1.� Dry blending to customer 
formula ... . . . . . . . . . . . . . . . 57 1 21 1 21 1 24 0 12 0 16 3 + 4 1 2 

2.� Dry mixing to grade . . . . . . . . . 45 2 18 0 20 0 11 0 14 2 19 6 + 26 4� 

3 .� Chemical for mulat ion 
to grade . . . . .. .. . .. . . . . . . . 3 0 2 0 2 0 1 0 0 0 0 6 3 6+ 

4 .� Ingredients manufacture .. . . . 0 4 0 3 0 3 0 1 0 0 2 3 2 1+ 
5.� Liquid grade manufactu re . . . . 11 1 3 0 4 0 2 1 5 0 4 5 7 4+ 
6.� Liquid blending to 

customer request . . . . . . . . . . . 19 0 5 0 5 0 8 0 6 0 6 1 + 13 1 

7.� Specialty grade . . .. .. .. . . . . 9 24 6 24 6 24 1 0 2 0 0 1 + 9 +23� 
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fertilizer ) saving at the farm level prob ably const itute 
th e basic stimuli for this demand . As recently as 1960, 
21 percen t of all fertilize r sold in Minnesota was sold in 
bulk ( liq uid and solid) form, but by 1963 it had risen to 
45 percen t. 3 1; 

Total fer tilizer usage in 1 I innesota increased by 
80,000 tons from 1960 to 1963.3 7 During this same period , 
th e use of bulk fertilizer increa sed by 167,000 tons, ind i
cating an 87,000 ton d crease in the use of bag ged 
fe rtil izer. 

Bulk fer tilizer is sold to the customer in three forms : 
( 1) liquid mixtures an d materials inclu ding anhydrous 
ammonia, ( 2 ) dry bulk-blended , and (3) dry ma nufac
tured to gra de inclu d ing straight ma terials and mu lti
nut rient ferti lizers. 

By nature, liquid mixtures and materials are bulk 
ite ms. Substantial ga ins in the use of these ferti lizers are 
pa rtially respo nsible for the increased bulk use. Dry bu lk
blended fertilizers, when combined with fertilizer spread
ing and other services, are finding expa nded ma rkets . 

Blending is mixing two or more dry fertilizer materials 
to meet specified need s. The increased use of solid nit ro
ge n, solid phosphate, solid po tash, and som e multinu 
trient nitrogen-phosphate materials is due pri marily to 
fertilizer blend ing. Ammonium phosphate is the basic 
ingr ed ien t for much blend ing; straight materials of the 
three elements are necessary for blending mixtures to 
specific need s. 

Plants p roducing man ufactured-to-grad e ferti lizer se t 
up bulk-on-grade handling systems to offer some serv ices 
alrea dy e ·ten ded by the other two typ es of bulk ope ra
tions. Th e total resul t is th e increased use of bulk 
fertil izer. 

Although a small part of total fertilizer consumption , 
nonfarm fertilizer should not be overlooked . This active 
segme nt of the fer tilizer business increased 500 percent 
b etween 1950 and 1959 while total U.S. fertilizer use rose 
39 percent." In 1959, nonfarm fertilizer account ed for 3.3 
million tons, or 13.2 percent , of th e nearl y 25 million tons 
used that year. Estimates attribu ted half of thi s nonfarm 
use to home lawns and gard ens. The other half wa s used 
on golf courses, parks, airfields , highway right-of-ways, 
and lawns of commercial, educational, and governmental 
p roper ties. W ith the current and prospective rat e of resi
d ent ial, industria l, and high way expansion, grow th in this 
market seg ment looks promising. The fertilizer industry is 
cultivati ng this potential. 

Bulk Blending 

Bulk blendi ng is the market ing concep t tha t d is
rup ted the traditional marketing pat tern of p rod ucer
manufacturer-dealer ." Blenders bypass the second phase 
of the patt ern by direct purchasing granu lar forms of 
basic fertilizer materials from prima ry producers and, 
th ereby, generally ob tain ing an economic advantage. 
Blend ers usually sell the exact amount of N, P"O", or K"O 
to meet spe cific soil or crop needs. The correc t pr opor
t ions of materials supplying th ese plant nutrien ts are 
b len ded mechanically into a sing le product ready for 

•• USDA. ARS Soil and Wat er Conservation Resea rch Div is io n. 
• 1 Ibid. 
as Mehr ing . A. L.. " Br ief Look at t he Non- Fa rm Fert i li zer Market, " Fa rm 

Chemicals. 125:18. Oct ober. 1962. 
•• Ball ew . W.L., " Mi xed Goods Mark eti ng - Loc al Area Prod ucers," Co rn 

m er cial Fertili zer an d Plant Food Ind us t ry , Februar y, 196 4. pp . 67·69. 
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app lication. Blenders also sell straight materials to farm
ers for speci fic needs. Blendi ng caught on naturally from 
the spread ing of agricult ur al lime and ground rock ph os
phate . Some rock phosphat e spreaders added mur iate of 
potash on top of th eir load to app ly it on the same trip 
across the fi eld." Customers were interested in this serv
ice. Then am mon ium nitrat e was added , and mechanical 
b lendin g of materials in a plant was th e next logical step. 
Although bl ending probab ly never will be an entir e fer 
ti lizer program, potentially it is an impo rtan t seg me nt of 
the industry. 

ADAPTA BILI T Y 

Blend ing adap ts itself to ar eas of heavy fertilizer use 
req uiri ng num ero us fert ilizer rat ios. In Minnesota, such 
areas are th e southern half of th e state and the Red River 
Valley (fig ur e 11 ). 

Blending plants which began operations durin g 1964
1966 did so prim arily in counties with subs tantial fertility 
gaps. A review of figur es 2 and 8 reveals th at many of 
these new p lants were reasonably close to some counties 
with more mat ur e ferti lizer use patterns. Th is situ ation is 
shown by total tonnage used and th e county's fertility gap. 

The location of b lend ing p lants also is illu strated in 
figure 12 which shows th e rela tionship bet ween fertilizer 
applied as a percen tage of fertili zer recomm ended and 
b len ding activity. This app roach to the fertili ty gap is 
relative, with the highest percentage of fer ti lizer applied 
constitut ing the sma llest relative fer tilit y gap. 

Soil testing and close adhe rence to recommendations 
affect the demand for blend ed prod ucts conta ining th e 
specified qu antities of each plant nut rient. Situations call
ing for a broadcast treatment, such as ferti lity programs 
for forage, small gra in, or row crops, are suited part icu
larly to blend ing operations and their associated services. 
Blending operators ap parently have developed a market
ing ph ilosophy based on inherent soil fertility, crop needs, 
competitive pr ice, and farmer service. Th e increase in 
blending activity may indicate th e success of th is 
philosoph y. 

Dur ing the infancy of blending, th e "market philoso
phy" and the economic advantag e were partially offset by 
some serious flaws. Segregation of fertili zer mater ials 
use d in b lends resulted in crop responses which were not 
uniform." Three factors contributed to this segrega tion : 
materials of un equal size, shape , and density; b lending 
equipment not specifically ad apted for fert ilizer ; and un 
perfected spread ing equipment. The ferti lizer ind ustry 
now has materials th at are bet ter suite d to blending than 
ever before , and better equ ipm ent i being built for 
blend ing an d sp rea ding. If improved materials and equip
ment are fully employed , blend segreg ation may become 
merely an academic prob lem. 

Many people in the fertilizer business believe that 
blends have a rightful place in th e fertili zer ma rket. But, 
they also believe that they should no t be used in some 
places. W here precise placement and homogeneity are 
primar y concern s, compound ma nu fac tur ed fer tilizers are 
better adapted than blends." 

"IBall ew . W.L. . " Bulk Blend ing Rev o lutio n izing th e Indus t ry ," Farm 
Che m icals . Jun e. 196 3. 

.. Gask in s. H ., " How t o Avo id M ist akes in Build in g Blend ing Plant s," 
Ag. Che m .• 18:60 ·1, Oct ob er . 1963: 

" Hi g nelt. T. P., " Wha t are Comparat ive Econ om ic s of Com pound, 
Bl end ed an d Li qui d Fer ti li ze r ," Ag . Chem.• 1944. Ap ri l, 1960. 



GROWTH 

Blendin g fertilizer at decentralized plants began in 
Minnesota in 1955. In 1959, 29 bulk blending plants were 
in the sta te. By mid-1965, 158 plan ts were registered to 
oper ate in Minnesota . By mid-1966, the number had in
creased to 204.' 3 Th e act ual tonnage sold through bu lk 
blending oper ations in Minnesota is not known. H owever, 
firms licensed with the Minn esota Department of Agri
culture to blend to customer formula increased their use 
of straigh t materials from 1960 to 1964 ( table 14 ). This 
increase indicates the trend toward blending but is not 
conclusive about the trend's actual magnitude . 

Table 14.� Tonnage of selected materia ls reported by 
firms licensed for blending to customer' 
formula. 

Materials� Fert ilizer year ending June 30 a Dry Blend ing to Custom e r Formula 
... Inc rease in Fert ilizer Year 1964-65 
t:J. Increase in Fertil izer Year 1965-66� 1960 1964 

1-2-0 and 1·3·0 rat ios . 4 ,37 1 29,508 
Solid nit rogen .. 4,937 18,048 
Sol id phosphate 5,147 25,604 
Solid potash ... 3 ,640 28 ,750 

TOTAL 18,095 101 ,910 
Total as percent of 
yearly total . 3.7 % 14.2% 

Sou rce : Minnesota Departm ent of Agricultu re 

Throughout the Midwest , blending developed rapidly 
Fi gure 11. County distribution of dry blending activities, July 1, 1966, while blending plants in other areas appeared more wi th increases recorded in 19 64-5 and 196 5-6 ide nt if ied. 

gradually." Iowa and lllinois lead in the numb er of 
blending plants. The rapid accep tan ce and phenomenal 
growth of bu lk blending in the Midwest perh aps result ed 
in part from a weak link in the old distribution system. 
The numbe r of fer tilizer manuf acturer-wholesalers in 
Midwestern states probably was not suffi cient to offer 
farm ers the services desired with the increased use of 
fertilizer. Growth in bu lk blending may weIl be due to 
the offering of both fertilizer materials and services ( fig
ure 13) . 

L1� Minnesota Depa rtment of Agricultu re, License Applica tions. 
" Bulk Blending Revolut ionizing the Industry," op. cit . 

6� 
H 

6 7 

A Blending Plan t 

" Fertili zer applied as a pe rcent of fer tilizer recom men ded . 

Sou rce : Changes in Fe rt ilizer Dist ributi on and Market ing, TVA, 
Knoxville, Oct ober 1965, p. 72 . 

Figu re 12. Location of blending plan ts, Decembe r 19 6 7 , a nd pe rce nt 
age fe rt ilit y gaps , 19 6 4* 

F igure 13. 
19 62. 

Distribution of bulk blend ing p la nts by states-1965 and 
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PLANT AND MANAGEMENT 

A recent study of coop erative bulk fertilizer blending 
in th e upper Midwest describes a "typ ical" blending 
pl ant." According to th is report, blending plants gen
era lly have frame buildings which cost $10,000 to $50,000 
to erect. Th ey are located on a rail sidin g for convenient 
receivin g of fertilizer mat erials. Flo or space, approxi
mately 5,000 squ are feet, is used mainly for ingredi ent 
storage in separate bins. Minimum equipment includes a 
fron t-end loader , scale, mixer, and elevator. Optional 
eq uipment might be augers, conveyors, and bagging 
equipment. Total equipment costs range from $10,000 to 
$20,000 per plant. 

The plant usually is opera ted by a plant manager with 
expe rience in relat ed work; a second full-t ime man may 
or may not be required. Due to the highly seasonal nature 
of th e busin ess, seasonal employees are needed. Outside of 
peak selling mont hs, the manager spe nds much time on 
educa tional programs and farm er services compleme nt ing 
th e actual fertilizer blending and distributio n of fert ilizer. 

Undoubtedly, many variations exist in plant size, 
equipment, layout , and operation. Scale of plant opera
tion th roughout the country may vary from something 
smaller than that described to large plan ts with capacities 
of 100 tons per hour.:" 

SE RVICES 

Blenders usually depend on a service-oriented pro
gram to build sales volume." Soil sampling, p rob ably the 
most important service offered , may be responsible for a 
significant share of increased fertilizer use. Services such 
as field mapping, keepin g crop record s, making fertilizer 
recommendations, and delivering and spreading ferti lizer 
often are provided by blenders. Ch arges for services are 
usually modest or negligible, dep end ing on the cost to 
the dealer. 

Bulk blend ers are not the only ferti lizer retailers who 
now offer services. However , the "complete line" of serv
ices offered in all ph ases of fertilizer retailing may be 
due to the initiative shown by bulk blenders." 

Other Distribution Channels 

NITROGE N DI STRIBUTION 

Over the past 10 yea rs, a time period corresponding to 
th e growth of bulk blending in Minnesot a, developm ents 
in the distribution of nitrogen products were at least in
d irectly responsible for nitrogen use increasing at a faster 
rate than use of all fer tilizer. 

Although solid nitrogen materials generally are more 
costly than liqui ds, per pound of nitrogen, they adapt 
well to bulk blending. Th e increased use of solids prob
ably is due to blendi ng activity. Liquid nitrogen mater ials 
are well adapted to direct application for high nitrogen 
us ing crops such as corn. The three genera l types are : 
anhydrous ammonia which is a liquid at a relatively high 

45 Eichers. Theodore R., " Cooper at ive Bu lk Fer ti l izer Bl end ing in th e 
U p per Mi d we st ." US DA Farm ers Cooperative Serv ice, General Report No . 
122 , J ul y, 1964. 

.. " Whiteside Service Biends- I OO Tons Per Hou r ," Farm Ch em ica ls, 
127 :38, May 4, 1965. 

<1 Eiche rs, Theodo re R., op. c it . 
.. " Bulk Blends Sp ark Cha nge in Ferti l izer Market ing ," Agri cu ltu ra l 

Ch em ica ls, 18 :90, Februa ry, 196 3. 

pressur e; low pressur e nitrogen solutions; and nonpres
sure solutions." Since their agronomic benefits are simi
lar, the preference for one typ e may be due to price, 
customer usage, or dealer service. Most liquid nitrogen 
materials are shipped dir ectly to retail outl ets from pri
mary pr odu cers but purchases may be through coopera 
tive organiza tions or purchasing agents. 

Eas e of application and dealers' services partly ac
count for the popul arity of various liqu id nit rogen prod
ucts. In most cases, the local dealer applies the ni trogen 
so the farm er does not have this extra job during a busy 
season. Ch arges for th is service generall y just cover deal
er costs. Dealers often show the farm er-customer how to 
use the applicator. Certainly, educational pro grams indi
eating crop respon siveness to nitrogen applications affect 
nit rogen use. Farmer acceptance of such empirical evi
dence has been good. A favorable pri ce situa tion, with 
the pri ce per pound of nitrogen decreasing in some areas, 
has also positively contributed to the remarkabl e growth 
of nitro gen usage. 

Liquid nitrogen is seldom the only fertili zer produ ct 
distributed by a dealer. H is bu siness also may include 
bulk blend s, liquid mixes, or dry manufactured fert ilizer. 
Th ese combinations are logical because they increase the 
length of th e fer tilizer season and profitably utili ze labor 
and management. Usually deal ers handle only one typ e 
of liqu id nitrogen mater ial. 

LIQUID MI XED FERTILIZERS 

Two types of operations in Minn esota includ e mixed 
fer tilizers: liq uid grade manufacturing and liquid blend
ing to customer request. Liquid-mix plants, operatin g 
with either one or both operations, are located in the same 
general areas as blending plants ( figure 14) . 

Typical plants are small, producing an average of a 
littl e over 1,100 tons per plant in the United States in 
1964.51

) In that year , liquid mixes accounted for 5 percent 
of all mixed fert ilizers produced in the United States. In 
Minnesota, liquid mixes totaled 16.3 tho usand tons, or 3.2 
percent of all mixed fertilizers for 1964, and about 16,0 
thousand tons, or 2.9 percent, in 1965.5 1 Liquid mixes have 
not grown since 1959 in Minnesota, perhaps because of 
the alterna tives offered by blending plan ts, the special 
equipment nee ded if the customer wants to make appli
cation himself, and the low analysis of mixtures. 

Th e future of liquid mixes may improve as h igh analy
sis pro ducts become avail abl e. This development is immi
nent due to new basic products for solutions and high 
analysis slurries , 

BULK HANDLING 

As described earlier, bulk handling includ es both liq
uid and dry fert ilizers. It is part of a sales technique be
gun by bu lk blenders and liq uid dealers and vigorously 
pursued by manufacture d fertilizer dealers. Th e tech
nique involves selling a program of simplified application 
along with fert ilizer materials and oth er services. Th e 

" Pentecost , B. H., " Li quid Ni trogen Distribution by Local Cooper at ives 
in Nebraska and Kansas," Farmer Cooperative Service, USD A Gene ral Re
port No . 82, J u ly, 1960. 

'" Slack, A.V., " Liquids ' 65, How Liquids Capture a Market ," Farm 
Chem ica ls, Feb ru ar y, 196 5, p. 17. 

01 M innesota Dep art m en t of Ag ricultu re, ferti l izer to nnage reports. 
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t:. Liqu id Grade Man ufacture 
... Liquid Blending to Customer For mul a 
a Inc rease in Fer t ilizer Year 1965·66 

Source : Minnesota Depar tment of Agricu lture 

Figure 14. County distribution of liquid-mix fertilize r activities, Decem
ber 31,1967, with increases during 1965-66 identified. 

gradually incr easing int erest in bulk handling necessitated 
eq uipment changes for th e manufacturer, dealer, and 
farmer." 

Several new lines of equipment, including tractor
drawn spreaders with 1- to 4-ton cap acity, were devel
op ed for bulk handling at all levels. The tr actor-drawn 
sprea ders are purchased primarily by bulk fer tilizer deal
ers , including blenders, for rental to farmer-customers. 
Other lines of equipment were designed for bul k blend
ing plants, miscellaneous bulk handling, and liquid fer
ti lizer spreading and tr ansportation. 

.2 " Bulk Ha ndling Builds Sales, " Fa rm Chem ica ls, 125:29, Ma rch, 1962. 

Handling of bulk goods at th e farm level probably is 
the weakest area of bulk distribution. 5 3 Using equipment 
for farm level transportati on and mechanical handlin g of 
bulk fertil izer probably has not developed as rapidly as 
other phases of distribution. The availability of bagged 
fertilizers, custom spreading service, and ren tal spreaders 
may be partially responsible. 

GE OGRAPHIC OWNERSHIP SOURCE 
OF MI NNESOTA FERTILIZER SALES 

Some speculat ion exists abo ut whether th e growth of 
fertilizer sales in Minn esota accru ed to firms outside or 
within th e state. Tonn age reports from firms to th e Min
nesota Department of Agriculture suggest that the pro
portion supp lied by Minnesota firms did not change sig
nificantly from 1960 to 1964 (tabl e 15 ). Although small 
discrepancies in th ese ngures are possible, this picture of 
Minnesota and out-of-stat e market share tr ends probably 
is accurate. 

Long prominent in Minnesota's fertilizer industry are 
the supply cooperatives. Th ese firms include small local 
cooperatives and several lar ge sta te and region al organi
zations located in Minnesota or out-of-stat e. Table 16 
shows that cooperatives had nearly 40 percent of th e 
sta te's fertilizer bu siness in 1960 but less th an 36 percent 
in 1964. This decl ine may indicate a genera l trend or jus /: 
a temporary market share loss. 

Table 16.� Fertilizer sold by cooperatives and other 
firms in Minnesota. 

Cooperatives Other 

Year Tonnage Percent Tonnage Percent 

1960 192,027 39.7 290,801 60.2 
1964 257,5 61 35.8 460,134 64.1 

Source: Minnes ot a Dep a rtment of Agric u lt ure . 

IV. F uture Prospe cts 

Projected Usage 

Any projection of growth in th e fertilizer industry 
carr ies with it uncertainties. Th ey include the variable 
imp acts created by weather , government farm programs, 
costs, pr ices, bu yer attitudes, and improved techn ology. 
Yet th ese unc ertainti es do not preclude th at some projec
tions can be made ba sed on current information accom
panied by qualifying assumptions. If reasonably sta ble 

aa Ib id. 

Table 15. Fertilizer tonnage reported by Minnesota and out-of-state firms and percentage of yearly total':' 

Minne sota Out -of -state In-stat e 

Year Tonnage Percent Tonnage Percent Tonnage Percent 

1960 482,818 100 160,861 33.3 321,957 66.7 

1964 717 ,695 100 243,1 27 33.88 474 ,568 66.12 

* So urc e: Minneso ta Department of Agric ult ure (Data collect ed by t he au thors d iffer s omewha t from St a te Department of Agri cu lt ure da ta due t o a 
s lig ht ly d iffe ren t pro ce d ure .) 
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relati onships are assumed between the above-mentioned� 
variables, p rojection s can be based on some existing cir�
cumstances all of which indicate dramatic expansion of� 
fertilizer use. Several of these circumstances are discussed� 
here with their corresponding projections.� 

FERTILIZER TO NNAGE GROW TH 
RAT E PROJECTION 

The average, annual, compound rate of growth of tons 
of ferti lizer used in Minn esota from 1951 to 1969 was 12 
per cen t." If th is remarkabl e growth rat e continues , Min
nesot a's ferti lizer industry will sell 1,730,000 tons of fer
tili zer in 1970 for about $128 million.t" Pro jected to 1975, 
the tonnage volume would be 2,400,000 - nearly 2 mill ion 
tons over the 1964 usage. These estimat es may be con
servative. 

CAPACITY PROJECTION 

Ano ther approach to viewing the indus try 's growth in 
the immediate fut ure is to evaluate potential in terms of 
increased capac ity and aggressive marketing. W hile this 
approach does not determine the future fertilizer demand, 
expe rience suggests that increased competition and serv 
ice-oriented marketing help develop the inheren t demand. 
If tonnage figures believed necessary for a blend ing plant 
to break even were applie d to the additional 46 b lending 
plants registered in Minnesota for the year ending June 
30, 1966, the net increase in fertilizer use soon would be 
101,000 tons from thi one activity alone ." If eaeh of th e 
11 new liquid-mix fertilizer plants sold the average 1,100 
tons per year, 12,000 tons increase vould result. um er
ous increases in other fert ilizer activities may cu ltivate 
oth er segmen ts of fertilizer demand for future net in
creases. 

CLOSING THE FERTI LI TY GAP PROJE CTION 

If every acre of producing cropland received the rec
omm ended fert ilizer rate, an ad d itional 1,024,000 tons of 
fe rtilizer wou ld need to be applied. A trend exists on 
man y I I innesota farms toward using even greater rates 
th an those used for th e agg rega te data. There is also a 
trend toward fer tilizing an increased share of th e produc
ing cropland. If these trends continue, the fertility gap 
may be closed and fertilizer use greatly expa nde d. 

FE RTILIZER USAGE RATES AND PERCENTAGE 
OF CROPLAND PROJECTI ONS 

1 Ii nnesota fert ilizer use patterns also can be projected 
on the basis of cur rent tr ends in rat es of fertilizer used on 
acres fer tilized and on the percen tage of producing crop
lan d fer tilized. Fert ilizer rates climhed from 151 pounds 
per acre in 1954 and 154 poun ds per acre in 1959 to 172 
pounds per acre in 1964. The projected rate would be 
aho ut 182 po unds by 1970 and 192 pounds by 1975. Fur
thermore, the percentage of pro ducing cropland fertilized 
increased from about 20 percent in 1954 to 33 percent in 
1959 and to 39 percent in 1964. Projectin g th is tr end, 

.. Based on to n nag e rep o rted in Fe rt ilize r Su m m a ry Dat a. 19 69 . op. 
c it. 

0.; Proje cte d fr om 196 3 ton nag e va lue es ti m ates . 
ze Eic he rs, Theodore L , op . cit. (2, 200 tons volu me wit h $1 0 pe r t on 

markup). 
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about 52 perc en t of the producing cropland will be fertil
ized in 1970 and 62 percen t in 1975. Somewhat offset ting 
the upward trend of these two fac tors is the downward 
trend in productive cropland. Th e amount of productive 
cropland decr eased from 21.0 million acres in 1954 and 
20.2 million acres in 1959 to 18.8 million acres in 1964. If 
this trend continues during the next 10 years, productive 
cropland will be 17.6 million acres in 1970 and 16.5 mil
lion acres in 1975. Wh en these three proj ections are com
bined to yield th e projected tonnage of fer tilizer used on 
farms, and the proj ected tonn age of nonfarm fertili zer use 
is added , the pro jection of fertilizer use in Minn esota be
comes 972,800 tons for 1970 and 1,167,000 tons for 1975. 
Ho wever , this syste m of pro ject ing fertilizer use is qu ite 
sensitive to deviations from any assumed level. If any 
factor changed, a substantially different projected fert il
izer use could result. For e 'ample, if all productive crop 
land were fert ilized in 1975 at 1964 ra tes, fert ilizer use on 
cropland would be 1,419,000 tons: Add ing 180,000 tons of 
nonfarm fert ilizer use, the total projected level of fertil 
izer use would be 1,599,000 tons. 

NUT RIE NT GROWTH RATE PROJECTIONS 

Previously in this report, tonnages of ind ividu al nu tri
ents used in Minn esota for specific years and the recent 
growth ra te of plant nutrients were iden tified. Of possible 
significance when conside ring prospects are the grow th 
rat es and projected uses of nitro gen , phosphate, and pot
ash ( table 17 ). These projections may affect the produ c
tion and distribu tion of fer tilizer materials. 

Table 17. Tons of N, P20 j, and K20 used in Minnesota 
in 1955, 1960-69, and projections for 1970 
and 1975 based on average compound 
growth rate for each nutrient. 

Year N 

19 55 34 ,959 78 ,244 43 ,784 
1960 54 ,022 114 ,365 68, 298 
1961 65 ,027 115,909 71 ,939 
196 2 66, 340 115,92 8 74 ,711 
1963 86,636 123,774 84, 813 
1964 9 5 ,2 17 168,830 100,888 
1965 103 ,791 189 ,999 109,161 
1966 114,479 196,785 114,902 
1967 188 ,123 2 11,695 174,551 
1968 251,241 2 14, 676 196,199 
1969 33 9 ,789 280,269 213 ,900 
1970 56 5,2 87 31 0 ,628 292, 389 
1975 1,134 ,400 47 8 ,070 525,408 
Compou nd growth rate 19 % 9% 12 .6 % 

A continuing compound growth rate of 19.0 percent 
per year from 1955 to 1969 would have resulted in about 
the nitrogen use achieved in 1969. Assumi ng the same 
growth rate pa ttern contin ues during the next decade, 
nitro gen use by 1975 would be over 1,100,000 tons - more 
than ten times th e 1964 use. 

Th e ab solute tonnage of P,Os used in Minnesota has 
been conside rably grea ter than that of either 1 or K"O. 
Although its average growth rat e of 9.0 percent is not as 
grea t as that for nitrogen, it is substantial. Based on this 
rate, the 1975 pro jected use of ph osphate would be 478,070 
tons or about 2J:j t imes the 1964 figure. 



The tonnage of po tash used in Minnesota has grow n 
at an average compound ra te of 12.6 percent. Usin g thi s 
rate, the estimated 1975 potash use would be 525,408 tons 
- almost 5 times the 1964 use. 

With these various projec tions, pro spects of 1 Iinne
seta's fer tilizer industry can be viewe d from several dif
ferent trend s. These tr ends parallel one another consider
ab ly, but do not yield the same abso lute projected figures. 
T abl e 18 shows four of the discussed meth ods of project
ing Minnesota fertilizer tonnage. Two of the methods 
result in similar pro jections for 1975. These proj ections 
were independent and are relevant estimates for assump 
tions and pro cedures used . Any of th e estimates ma y be 
considered liberal or conservati ve dep ending on how the 
variable impacts are in terpret ed. The pro jections ar e 
shown in figure 15. 
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Figure 15 . Minne sota fert ilizer usage project ion s, 1970 and 1975. 

Impli cati ons for D istribution 

Pr ojections of cur rent trends indicate an increased fer 
tilizer volume of at least 2)2 to 3 times the 1964 usage by 
1975. Although th e exact nature of th e distri butive phase 
of the sta te's 1975 fertil ize r industry is difficu lt to predi ct, 
con sidera ble development is forthcoming. The var ious 
aspects of bu lk handling undoubtedly will be import ant, 
bu t th e relative magnitudes of each may be controlled by 
fact ors not yet apparent. 

On e seg ment which probably will be prominen t is 
bulk blending. If th is one activity would close th e fertility 
gap in each county, several additiona l blending pl ants 

could be established in mos t counties ( figur e 16). The 
counties wit h the greatest po tential for additional bl end
ing p lants are in th e wes tern half of the southern two
thirds of th e state. This approach relates to th e possibi li
ties in distribution , if each county were to move toward 
closing its fer ti lity gap, and also cou ld be applied to other 
typ es of distribution. This approach assumes that th e gen
era l cropp ing pattern existing in 1963 will pr evai l through 
th e projected period. 

The p lan t nutrient p rojections discussed ea rlier affect 
th eir resp ective segm ents of th e industr y. The di stribution 
pattern of individ ual p lan t nutrien ts becomes mor e im
portan t as delivery of straight mat erials to retail increases. 
Actual quantities of N, P205 , and K20 used in each coun
ty ar e generally unknown. Of some significance, however , 

·This assumes 8 tonnage 10 percent 'arger than the present gap in each 
county to allow for increased recommended levels. 

Figure 16. Number of add itional blending plants, selling 2,200 tons of 
fertilizer each, which could be absorbed by each co unty in closing t he 
fert ility gap.* Sta te total: 451. 

Table 18. Various project ions of tonnage of fertilizer usage.� 

Method� 

Cont inuing 12 percent compound growth rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .� 

Close the fert i lity gap .� 

Considering projected rate of ferti lizer use and increased cropland fertil ized . . . . . . . .� 

Considering curre nt rates of fert ilizer use and all cropland fertilized .� 

1970 1975 

1,730,000 2 ,400 ,000 

1,9 20 ,000* 

972,800 1,1 67,000t 

1,599,000 

• Consid ers� increased level of recommended use for a net increase in nutrient recommended of 10 percent. Tonnage of fert ilizer is assumed to contain 
50 percen t plant nutr ients . 

t Fertilizer contai ning 50 perc ent plant food. 
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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 
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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 . 



Intern al capital ra tioning is enforce d by th e farmer 
himself. Because of risk and uncert ainty, he is unwilling 
to use his own capital or his borr owing capacity for ad e
qu ate fertilizer. If part of this uncertainty is du e to the 
farm er 's limited knowledge about fertilizer productivity, 
int ern al capital ra tioning pr obably will decrease as he 
acquires information. 

Th e concept of exte rna l capita l rati onin g is that credi
tors have limited amoun ts of capita l to lend. Aside from 
features such as legal requirements and cred it rat ionin g 
traditions, the "tap root" of this capital rat ioning is 

grounde d chiefly in economic uncert ainty by credi t age n
cies .:" Thi s uncertainty is deri ved from the uncertainty in 
agricultural production and the unc ertainty surro unding 
the borrower 's mana gement ability and good fa ith. How
ever, exte rna l capital rati onin g is not a sta tic cond ition. 
Creditors also may red uce their uncertainty with increased 
knowled ge and expe rience. Improved knowled ge ap pears 
to interact p osit ively with capi ta l rationing, uncert ain ty, 
an d technical factors. 

ra Sch ult z, T. W., Production and Welfare in Agriculture, The MacMill an 
Company, New York, 1949, p. 143. 

Appendix Tables 

Appendix Table 1.  Plant food removal figures used as basis Appendix Table 2.  (continued) 
for state plant food removal.* 

Crop lbs. N lbs. PzO S Ibs. KzO County 1949 1954 1959 1964 
1 bushel corn .90 .35 .25 Cottonwood 1.30 1.77 1.35 1.64 
1 bushel wheat 1.25 .6 25 ,375 Crow Wing .24 .17 .24 .17 
1 bushel oat s .625 .25 .19 Dakota 1.72 2.29 2.10 1.50 
1 bushel barley .88 .40 .29 Dodge 1.62 1.79 1.83 1.29 
1 bushel fla xt 2.10 .67 .56 Douglas .96 .45 .41 .34 
1 bushel ryet 1.40 .90 .56 Faribault 1.92 3.12 3.27 3.39 
1 bushel so ybeans .87 1.375 Fillmore 3.39 1.68 1.83 1.47 
1 cwt. potatoes .33 .13 .63 Freeborn 3.28 4.05 3.42 3.25 
1 to n sugar beets 3.75 1.50 3.50 Goodh ue 1.89 1.35 1.7 6 1.44 
1 ton alfalfa hay 10.00 45.00 Grant 1.22 1.01 .94 .97 
1 ton other hay :j: 27 .00 10.00 30 .00 Hennepin 1.01 1.55 1.13 .80 
1 ton peas (shelled) § 20.00 5.00 10.00 Houston .90 ..71 .83 .68 
1 ton sweet co rn ears§ 8.00 3.00 2.00 

*Source: Romaine, J.D. "Consider Plant Food Content of Your 
Crops," American Potash Institute, Washington, D.C. 

t Source: Morr iso n, F.B. Feeds and Feeding. Morrison Publishing 
Co., New York, N.Y. 1956. 

, :j:Assumed to have the analysis of t imot hy hay. 

Hubbard 
Isanti 
Itasca 
Jac kson 
Kanabec 
Kandiyo hi 
Kittso n 

.30 

.74 

.19 
1.99 

.53 
1.51 
1.33 

.28 

.83 

.09 
2.62 

.42 
1.3 5 
1.53 

.16 

.63 

.06 
2.02 

.40 
1.47 

.97 

.19 

.57 

.10 
2.34 

.24 

1.27 
§Source: Knott, James Edward. Handbook o f Vegetab le Gro wers. 

Wiley & Sons, New York, N.Y. 1957 . 
Koochiching 
Lac qui Parle 

.13 

.83 
.08 
.91 

,05 
1.07 

.04 
1.17 

Lake .07 .03 
Append ix Table 2. 

Count y 

Estimated state percentage total fe rtilizer 
usage by county* 

1949 1954 195 9 1964 

Lake of the Woods 
Le Sueur 
Lincoln 
Lyon 

.26 

.9 2 

.69 
1.60 

.12 

.87 

.67 
1.51 

.14 

.92 

.55 
1.31 

.19 
1.24 

.60 
1.36 

Ait kin .20 .15 .16 .11 McLeod 1.2 5 .99 1.17 1.28 
Ano ka .8 1 .75 .52 .48 Mahnomen .50 .19 .3 1 .35 
Becker 1.1 4 .73 .66 .72 Marshall 2.17 3.20 2.50 2.58 
Beltram i .21 .23 .22 .14 Mart in 2.46 3.87 3.52 3.03 
Bento n .95 .8 2 .80 .67 Meeker 1.14 1.0 1 1.02 1.14 
Big Sto ne 
Blue Eart h 

.32 
1.69 

.42 
2.56 

.48 
2.77 

.73 
2.71 

Mille Lacs 
Morrison 

.76 

.93 
.60 
.86 

.51 

.81 
.37 
.65 

Brown .94 1.36 1.40 1.44 Mower 4.01 3.70 3.17 2.29 
Carlt on .33 .14 .20 .10 Murray 1.25 1.4 2 1.32 1.56 
Carver .57 .35 .39 .54 Nicollet 1.42 1.38 1.49 1.32 
Cass .24 .22 .1 5 .11 Nobles 1.22 1.60 1.47 1.70 
Chippewa 
Chisago 
Clay 
Clearwater 
Cook 

1.51 
.94 

3.10 
.30 

1.38 
.78 

2.36 
.1 2 

1.51 
.69 

2.68 
.27 

1.66 
.74 

2.69 
.25 

Norman 
Olmsted 
Ottertail 
Pennington 
Pine 
Pipestone 

1.63 
2.36 
1.91 

.44 

.78 

.68 

1.1 7 
1.6 2 
1.1 2 

.62 

.59 
1.04 

1.19 
1.63 
1.4 3 

.68 

.56 

.57 

1.64 
1.29 
1.25 

.74 

.43 

.72 
"Based on fertillzer 
years cited. 

use report, U.S. Census of Agriculture for the Polk 
Pope 

4.76 
1.25 

4.70 
.79 

5.05 
.68 

4.81 
.83 
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Appendix Table 2. - (continued) Appendix Table 2. - (continued) 

Cou nty 1949 1954 1959 1964 County 1949 1954 1959 1964 

Ram sey .08 .06 .06 .05 Stevens .83 1.04 1.18 1.10 
Red Lake .50 .48 .43 .56 Swift ,98 1.29 1.64 1.60 
Redwood 1.20 1.86 1.78 2.26 Todd '1.09 .77 .75 .63 
Renville 2.20 2.3 1 3.05 3.90 Traverse .63 .55 .72 .81 
Rice 1.43 1.17 1.13 1.10 Wabasha 1.30 .95 .87 .79 
Rock .57 .87 .63 .88 Wadena .34 .24 .29 .16 
Roseau .69 1.67 .65 .79 Waseca .82 1.19 1.54 1.87 
St. Louis 1.12 .18 .16 .15 Washington 1.00 .97 .92 .67 
Scott .39 .33 .63 .43 Watonwan 1.02 1.70 2.07 1.50 
Sherburne .69 .67 .74 .63 Wilkin .79 .68 1.38 1.42 
Sibley 1.37 1.23 1.55 1.45 Winona 1.52 1.26 1.13 .83 
St earns 1.68 .99 1.44 1.00 Wright .83 .81 1.02 .81 
St ee le 1.32 1.58 1.65 1.46 Yellow Medicine .88 1.21 1.74 1.82 

Table 3. - Summary of nutrient recommendations, fertilizer tonnage applied, and fertility gap by count y, 1964. 

Nut rients - Big BlueAit kin Anoka Becker Beltrami Benton Brown Carlton{t housand lbs.) Sto ne Eart h 

Unadjuste d nut rients 
recom mended 

N 2,80 3 1,306 5,610 1,733 2,755 6,163 12,459 10,233 2,310 
P20 S 1,688 1,040 9,816 2,063 2,369 11,560 13,355 13,820 1,352 
K20 11 ,371 5,541 9,9 47 13,087 11,563 712 7,265 7,130 9,200 

Availab le from applied 
man ure 

N 78 2 488 1,742 760 1,400 91 2 1,782 1,914 644 
860 578 1,90 8 824 1,598 1,058 2,254 2,368 686 P20 S 

K20 1,130 684 2,532 1,110 2,03 2 1,308 2,462 3,350 954 

Reco mmendat io ns adjusted 
for manure contr ibut ions 

N 2,021 8 18 3,868 973 1,355 5,251 10 ,677 8,318 1,666 
P20 S 828 462 7,908 1,239 77 1 10 ,502 11,101 11,452 666 
K20 10,241 4,857 7,415 11,9 77 9,531 4,803 3,780 8,246 

Tot al nut r ient requ ired 13,090 6,137 19,1 91 14,189 11,657 15,753 26,581 23,550 10,578 

To ns app lied 726 2,684 4,509 861 4,318 4,642 16,911 9,188 684 

Fert ility gap - tons 12,364 3,453 14,601 13,328 7,339 11,111 9 ,670 14,362 9 ,894 
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Table 3. - (continued ) 

Nut rient s - Clear- Cotton- Crow 
Carver Cass Chippewa Chisago Clay Cook 

{thousand lbs.) wat er woo d Wing 

Unadjust ed nutr ient s 
recom mended 

N 4,566 2,758 7,42 1 2,400 9,874 2,039 85 10,999 1,816 
P20 S 4,947 1,842 15,882 3,315 17,061 4,104 43 12,08 2 1,180 
K20 7,373 11,899 1,367 5,218 7,622 4,124 308 6,536 6,852 

Available f ro m appli ed 
manure 

N 2,042 818 1,118 1,082 1,184 840 2 1,738 544 
P20S 2,346 890 1,364 1,196 1,320 904 2 2,140 604 
K20 2,956 1,190 1,804 1,578 1,724 1,222 4 2,426 786 

Recom mendat ions adjusted 
fo r manure contr ibut ions 

N 2,524 1,940 6,303 1,318 8,690 1,199 83 9,261 1,272 
P20 S 2,601 952 14,518 2,11 9 15,74 1 3,200 41 9,942 576 
K20 4,417 10,709 3,640 5,898 2,902 304 4,110 6,066 

To tal nut r ient requ ired 9,542 13,061 26,821 7,077 30,329 7,301 428 23,313 7,914 

Tons appl ied 3,448 708 10,551 4,695 17,137 1,616 10,4 64 1,055 

Fert i lity gap - tons 6,094 12,893 10,270 2,382 13,192 5,685 428 12,849 6,859 

Tabl e 3. - (cont inued) 

Nut r ient s - Henne-
Dakota Dodge Douglas Far ibault Fillmore Freeborn Goodhue Grant 

(t housand lbs.) pin 

Unadjusted nut r ients 
recommended 

N 6,097 6,410 5,088 13,169 8,569 11,507 6,544 6,399 2,651 
P20 S 8,874 8,385 8,600 14,400 10,443 11,052 9 ,026 11,952 3,100 
K20 14,590 14,242 12,186 8,036 21,276 13,915 18,216 579 4,968 

Av ai lable f rom applied 
manure 

N 1,466 1,644 1,902 1,932 4,398 2,580 2,902 998 1,082 
P20 S 1,678 1,920 2,148 2,476 4,952 3,300 3,272 1,034 1,208 
K20 2,120 2,360 2,764 6,032 3,562 4,214 1,294 1,580 

Recom mendat ions adjusted 
for manure contributions 

N 4,631 4,766 3,186 11,232 4,171 8,927 3,6 42 5,401 1,569 
P20 S 7,196 6,4135 6,452 11,924 5,491 7,752 5,754 10,918 1,892 
K20 12,470 11,882 9,422 5,376 15,244 10,353 14,002 3,388 

Tota l nut ri ent required 24,297 23,1 13 19,060 28,532 24,906 27,032 23,398 16,319 6,849 

Ton s app lied 9,543 8,205 2,190 21,609 9,356 20,706 9 ,157 6,191 5,083 

Fert i lit y gap - to ns 14,754 14,908 16,870 6,923 15,550 6,326 14,241 10,1 28 1,766 
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Table 3. - (continued) 

Nutr ients - Kandi- Koochi-Houston Hubbard Isanti Itasca Jackson Kanabec Kittson
(thousand Ibs.) yohi ching 

Unadjusted nut rients 
recommended 

N 2,934 1,020 1,691 1,795 12,429 1,775 10,418 7,645 890 
P20 S 4,577 1,249 1,779 1,217 13,692 1,501 13,448 10,970 852 
K20 10,070 7,285 9,509 8,129 7,559 8,804 6,414 6,818 2,008 

Available from applied� 
manure� 

N 2,170 486 766 482 2,014 1,042 2,204 558 298 
P20 S 2,532 538 860 518 2,522 1,126 2,624 582 298 
K20 3,120 700 1,106 704 2,792 1,532 3,230 816 434 

Recommendations adjusted 
for manure contributions 

N 764 534 925 1,313 10,415 733 8,214 7,087 592 
P20 S 2,045 711 919 699 11,170 375 10,824 10,388 554 
K20 6,950 6,585 8,403 7,425 4,767 7,272 3,184 6,002 1,574 

Total nutrient required 9,759 7,830 10,247 9,437 26,352 8,380 22,222 23,477 2,720 

Tons appl ied 4,317 1,207 3,656 638 14,928 1,505 10,962 8,112 289 

Fertility gap - tons 5,442 6,623 6,591 8,799 11,424 6,875 11,260 15,365 2,431 

Table 3. - (continued) 

Nut rients - Lac Qui Lake of Lake Le Sueur Li ncoln Lyon McLeod Mahnomen Marshall 
(thousand lbs.) Parle th e Woods 

Unadjusted nutrients 
recommended 

N 9,580 94 1,347 6,071 6,802 9,515 7,717 2,552 12,505 
P20 S 19,910 51 1,465 5,969 10,643 19,215 10,249 4,620 19,743 
K20 1,417 363 2,619 7,461 916 1,570 4,777 4,679 11,776 

Available from appli ed 
manure 

N 1,532 22 208 1,522 1,622 1,962 2,332 658 1,048 
P20 S 1,820 24 216 1,858 1,690 2,338 2,696 740 1,108 
K20 2,184 32 306 2,148 2,808 2,786 3,308 956 1,518 

Recommendations adjusted 
for manure cont ribut ions 

N 8,048 72 1,139 4,549 5,180 7,553 5,395 1,894 11,457 
P20 S 18,090 27 1,249 4,111 8,953 16,877 7,553 3,880 18,635 
K20 331 2,313 5,313 1,469 3,723 10,258 

Total nutrient required 26,138 430 4,70 1 13,973 14,133 24,430 14,41 7 9,497 40,350 

Ton s applied 7,466 5 1,194 7,909 3,794 8,668 8,156 2,243 16,507 

. Fertility gap - tons 18,672 425 3,507 6,064 10,339 15,762 6,261 7,254 23,843 
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Table 3. - (continued) 

Nu t r ient s M i lle Martin Meeker Morr ison Mower Murray N icol let Nobles Nor man 
(thousand lbs) Lacs 

Unadjusted nutrients 
recommended 

N 13,802 7,482 2,043 5,597 12,144 12,705 7,291 13,120 8,468 
P20S 14,651 8,609 1,676 4,925 13,886 14,219 8,589 14 ,977 14,477 
K20 7,989 11,638 9,124 27,182 22,510 6,661 4,300 7,638 8,491 

Av ai lable f rom applied 
manure 

N 2,264 2,208 1,146 2,604 2,346 2,270 1,546 2,442 1,058 
P2 0 S 3,596 2,610 1,254 2,968 2,864 2,708 1,894 2,926 1,168 
K2 0 3,132 3,156 1,688 3,780 3,300 3,216 2,176 3,454 1,770 

Recommendations adjusted 
fo r manure cont r ib ut ion s 

N 11,538 5,274 897 2,993 9,798 10,435 5,745 10,678 7,4 10 
P2 0 S 11,055 5,999 422 1,957 11,022 11,511 6,695 12,151 13,309 
K20 4,857 8,482 7,436 23,4 02 19,210 3,445 2,124 4,184 6,72 1 

Tot al nutrient required 27,450 19,7 55 8,755 28,3 52 40 ,030 25,39 1 14,564 27,013 27,440 

Tons applied 19,302 7 ,240 2,334 4,1 24 14,569 9,922 8,439 10,826 10,451 

Fert i lit y gap - to ns 8,148 12,51 5 6,421 24,228 25,46 1 15,469 6,135 16,187 16,989 

Table 3. - (cont inued) 

Nut r ients - Otter Pen- Pipe-
Olmst ed Pine Polk Pope Ramsey Red Lake 

(thousand lbs.) Tai l nington stone 

Unadjusted nutrients 
recom mended 

N 6,949 13,215 4,759 3,971 6,856 20,623 6,958 148 3,363 
P2 0 S 7,680 23,445 7,883 2,823 13,194 34,729 9,1 98 157 5,684 
K2 0 14,913 24,522 7,906 17,102 1,002 18,826 12,1 53 303 5,717 

Avai lable from app lied 
manure 

N 2,69 6 4,722 638 1,524 1,672 1,670 1,688 52 576 
P2 0 S 3,122 6,672 652 1,648 1,948 1,822 1,824 66 632 
K20 3,824 6,916 930 2,2 56 2,390 2,448 2,3 12 70 836 

Recommendati ons adjusted 
for manure con t ribut ions 

N 4,253 8,493 4,121 2,447 5,184 18,953 5,270 96 2,787 
P20S 4,5 58 16,773 7,23 1 1,175 11,246 32,907 7,374 9 1 5,652 
K20 11,089 17,60 6 6,976 14,846 16,378 9,841 233 4,881 

Total nutri ent required 19,900 40,872 18,328 18,468 16,430 68,238 22 ,485 420 12,720 

Tons applied 8,251 7,974 4,746 2,743 4,560 30,657 5,287 304 3,573 

Ferti lity gap - tons 11,6 49 34,898 13,582 15,725 11,870 37,58 1 17,198 116 9,147 
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Table 3. - (continued) 

Nut rients - St . Redwood Renville Rice Rock Roseau Scott Sherburne Sibley (th ousand lbs.] Louis 

Unad justed nut rients 
recommended 

N 15,719 17 ,571 5,782 6,464 7,739 3,858 3,691 2,163 9,917 
P20 S 17,480 19,755 6,893 14,229 11,430 2,09 1 4,4 90 2,005 12,054 
K20 9,121 10,137 9,530 1,123 11,441 14,506 6,4 59 10,330 5,685 

Available from applied 
manure 

N 2,246 2,3 10 2,070 2,022 1,092 6 16 1,426 680 2,408 
P20S 2,724 2,928 2,43 4 2,384 1,146 656 1,640 794 3,004 
K20 3,072 3, 196 2,966 2,884 1,646 912 2,8 16 968 3,376 

Recommendat ions adjusted 
for manure cont ribut ions 

N 13,473 15,261 3,71 2 4,442 6,647 3,242 2,265 1,483 7,509 
P20 S 14,756 16,827 4,4 59 11,845 10,284 1,435 2,850 1,211 9,050 
K20 6,049 6,9 41 6 ,564 9,795 13,594 3 ,643 9,362 2,309 

Total nut rient required 34,278 39,029 14,735 16,287 26,726 18 ,271 8,758 12 ,056 18,868 

Tons applied 14,403 24 ,85 5 7,021 5,585 5,038 997 2,7 32 4 ,03 7 9,272 

Fert ilit y gap - tons 19,87 5 14,1 74 7,7 14 10,702 21, 688 17,274 6,0 26 8 ,01 9 9,596 

Table 3. - (con tinued) 

Nut rients - Stearns Steele Stevens Swift Todd Traverse Wabasha Wadena Waseca (th ousand Ibs.) 

Unadjusted nut rients 
reco mmended 

N 15,757 6,080 7,964 8 ,842 6,581 7,539 3,886 2,27 1 7,4 84 
P2 0 S 18,935 6 ,9 13 14,33 1 18,946 9,210 6,021 5 ,69 1 1,873 6,920 
K20 46,120 9,290 1,01 3 1,379 14,262 1,548 12,499 10,758 8,158 

Available from ap plied 
manure 

N 5, 178 1,746 1,224 1,438 2,792 662 2,256 872 1,414 
P20 S 6,0 16 2,084 1,4 10 1,724 3,180 772 2,586 98 4 1,718 
K20 7,360 2,480 1,662 3 ,048 4,68 2 942 3,252 1,266 1,996 

Recom mendat ions adjust ed 
for manure cont ributions 

N 10,579 4,334 6 ,740 7,404 3,78 9 6 ,877 1,630 1,399 6 ,070 
P20 S 12,91 9 4,829 12,92 1 17,222 6,030 5,249 3 ,105 889 5,202 
K20 38,7 60 6,8 10 9,580 606 9, 247 9,492 6,162 

Total nutrien t required 62,258 15,973 19,661 24,626 19,399 12,732 13,982 11,780 17,434 

Ton s ap plied 6,405 9,298 7,022 10,193 3,987 5,186 5,008 1,049 11,673 

Fert ility gap - tons 55,853 6,675 12,639 14,433 15,41 2 7,546 8,974 10,73 1 5 ,761 
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Tabl e 3.  (cont inued) 

Nut rients -
(th ousand lbs.) 

Washington Watonwan Wilkin Winona Wright Yell ow 
Medicine To tal T ons 

Unadjusted nutrients 
recommended 

N 2,555 7,647 8,493 4,023 6,641 9,538 578,238 289,119 
P2 0 S 4,330 8,231 4,892 6,088 7,756 20,164 775,93 1 387,965 
K2 0 8,258 4,456 2,393 13,265 11,223 1,564 769,782 384,891 

Available f rom applied 
manure 

N 1,024 1,270 706 2,358 2,768 1,580 134,902 
P2 0 S 1,024 1,586 802 2,712 2,166 1,932 158,758 
K2 0 1,352 1,770 1,020 3,414 4,016 2,216 196,284 

Recommendat ions adjusted 
for manure cont ributions 

N 1,531 6,377 7,787 1,665 3,873 7,958 443,336 221,668 
P2 0 S 3,306 6,645 4,090 3,376 4,590 18,232 617,173 308,586 
K2 0 6,906 2,686 1,373 9,851 7,207 585,2 40 292,620 

T otal nut r ient requ ired 11,743 15,708 13,250 14,892 15,670 26,190 1,645,749 822,874 

Ton s applied 4,298 9,548 9,058 5,299 5,150 11,592 62 1,80 1 

Fert ility gap  tons 7,445 6,160 4,192 9,593 10,520 14,598 1,023 ,948 

Appendix Table 4.  County fert il ity gap by crop, 1959-1964 . 

1959 1964 
Act ual 50 Actual 

Tons ton s percent to ns 
County and crop recommended appl ied Gap nut r ient applied Gap 

A IT KIN 
Hay & past ure 16,168 294 15,874 14,680 255 14,425 
Corn 329 188 141 365 285 80 
Soy beans 16 8 8 10 1 9 
Potatoes 71 5 66 39 3 36 
Other 1,347 340 1,007 ~ ~ ~ 

TOTA L 17,931 -s35 17,096 15,862 726 15,136 

AN OKA 
Hay & past ure 5,432 247 5,185 4,179 568 3,611 
Corn 3,655 1,688 1,967 2,452 1,667 785 
Soybeans 641 99 542 494 66 428 
Potato es 181 240 59 162 21 141 
Ot her ~ 369 ~ ~ ~ 238 

TOT A L 10,841 2,643 8,3 16 7,887 2,684 5,203 

BECKER 
Hay & past ure 12,978 1,326 11,652 11,235 1,315 9,920 
Corn 2,604 686 1,918 2,139 869 1,270 
Soybeans 407 19 1,388 40 - 40 
Pot atoes 106 28 78 42 35 7 
Other 14,446 ~ 13,115 11,957 2,250 9,707 

TOTAL 30,541 3,390 27,151 25,373 4,509 20,864 

BELTR AMI 
Hay & past ure 15,510 484 15,026 13,773 227 13,546 
Corn 273 150 123 294 129 165 

' Soybeans 6 6 5 1 4 
Potatoes 377 137 240 255 128 127 
Other 3,353 ~ 3,003 2,336 -----1Z.§ 2,180 

TOTA L 19,519 1,121 18,398 16,883 861 16,022 
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Tab le 4. - (continued) 

1959 1964 
Actu al 50 Actu al 

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

BENTON 
Hay & past ure 9,637 322 9,315 9,532 609 8,923 
Corn 4,721 3,030 1,691 3,682 2,982 700 
Soybeans 514 167 347 395 25 1 144 
Potatoes 20 20 6 6 
Ot her 4,71 2 568 4,144 3,072 476 2 ,596 

TOTAL 19,604 4,087 15,517 16,687 4,3 18 12,369 

BIG STONE 
Hay & past ure 4,176 505 3,67 1 3,763 52 3 3,240 
Corn 10,7 04 1,566 9,138 8,141 2,9 16 5,225 
Soy beans 1,906 4 1,902 1,085 76 1,009 
Potatoes 2 1 1 9 55 -46 
Ot her 5,898 362 5,536 5,4 37 1,072 4,365 

TOTAL 22,686 2,438 20,248 18,435 4,642 13,793 

BLUE EARTH 
Hay & pasture 3,923 443 3,480 2,873 852 2,021 
Corn 31,650 12,574 19,076 21,339 14,731 6,608 
Soybeans 4 ,911 188 4,723 5,373 429 4,944 
Potatoes 41 50 - 9 10 10 
Ot her 7,086 924 6, 162 3,484 899 2,585 

TOTAL 47 ,611 14,179 33,432 33,079 16,911 16,16 8 

BROWN 
Hay & pasture 5,633 87 6 4,757 4,464 1,095 3,3 69 
Corn 24 ,605 5,866 18,739 19,509 7,438 12,071 
Soybeans 3,409 127 3,282 3,546 241 3,305 
Potatoes 7 7 4 4 10 
Ot her 6,014 318 5,696 3,660 410 3,250 

TOTAL 39,668 7, 187 32,481 31,183 9, 188 2 1,995 

CA RLTON 
Hay & pastu re 14,956 511 14,445 11,903 187 11,71 6 
Corn 85 46 39 56 69 -13 
Soybeans 178 2 176 8 -8 
Potatoes 15 21 - 6 147 113 34 
Ot her 1,319 462 ~ ~ 307 449 

TOTAL 16,55 3 1,402 15,511 12,862 684 12,178 

CA RVER 
Hay & past ure 6,580 278 6,302 5,503 619 4,884 
Corn 10 ,756 1,596 9,160 7,977 2,664 5,3 13 
Soybeans 154 3 151 243 44 199 
Potatoes 17 1 16 4 4 
Other 4,992 118 4,874 3,159 121 3,038 

TOTAL 22,499 1,996 20,503 16,886 3,448 13,438 

CASS 
~y & pasture 15,881 243 15,6 38 14,958 243 14,715 

Corn 965 39 1 574 623 344 279 
Soy beans 20 4 16 31 20 11 
Pota to es 59 5 54 23 7 16 
Ot her 

TOTAL 
1,783 

18,708 
123 

766 
~ 
17,942 

864 
16,499 

94 
----ms 

770 
15,791 

CHIPPEWA 
Hay & past ure 3,398 1,279 2,119 2,871 948 1,923 
Corn 21,500 5,150 16,350 14,619 6,957 7,662 
Soy beans 3,228 123 3,105 3,200 219 2,981 
Potatoe s 5 5 1 1 
Ot her 5,714 ~ 4,5 63 3,979 2,427 1,552 

TOTAL 33,845 7,703 26,142 24,670 10,551 14,11 9 
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Tab le 4. - (continued) 

1959 1964 
Act ual 50 Actual 

Tons tons percent tons 
Count y and cro p recommended app lied Gap nutrient ap plied Gap 

CHISAGO 
Hay & past ur e 4,657 341 4 ,316 4,1 58 477 3,68 1 
Corn 5,3 19 2,63 1 2,688 3,972 3,483 489 
Soybeans 704 108 596 567 257 310 
Potat oes 60 60 62 62 
Oth er 3,2 18 423 2,795 2,174 47 6 1,696 

TOTAL 13,958 3,503 10,45 5 10,933 4,695 6,238 

CLAY 
~y & past ure 9,602 83 1 8,77 1 7,207 1,138 6,069 

Corn 3) 36 1,673 2,063 2,860 2,4 86 374 
Soy beans 3,409 295 3, 114 457 -457 
Pot at oes 3,002 2,062 940 2,179 1) 50 429 
Ot her 29,112 8,831 20,28 1 22,3 11 11,306 11,00 5 

TOTAL 48 ,86 1 13,692 35,169 34 ,55 7 17,137 17,420 

CLEARWATER 
Hay & past ure 7 ,036 477 6,559 6,397 473 5,924 
Corn 279 54 225 260 163 97 
Soy beans 8 8 
Potat oes 292 272 20 145 97 48 
Ot her 

TOTA L 
4,752 

12,367 
569 

1,372 
4,183 

10,995 
3,465 

10,267 
883 

1;616 
2,582 
8,65 1 

COOK 
~ & past ure 510 510 435 435 

Corn 
Soybeans 
Potatoes 
Ot her 

TOTAL ---sTf -1 510 436 436 
COTTONWOOD 

Hay & pasture 
Corn 

5,222 
30,323 

763 
5,626 

4,459 
24,697 

3,55 1 
19,852 

9 15 
9,003 

2,636 
10.849 

Soybeans 3,492 116 3,376 4,324 228 4,096 
Pot ato es 42 42 26 26 
Oth er 6,017 388 5,629 1,864 3 18 1,546 

TOTAL 45,09 6 6,893 38,203 29,617 10,464 19,153 

CR OW WING 
Hay & pasture 9,39 1 81 9,3 10 7,762 194 7,568 
Corn . 1,632 840 792 1,125 7 19 406 
Soy beans 101 17 84 109 19 90 
Pot atoes 27 1 26 12 4 8 
Othe r 

TOT AL 
1,527 

12,678 
278 

1217 
1,249 

11,461 
840 

9,848 
119 

1,055 
72 1 

8) 93 

DA KOTA 
Hay & pastu re 8,551 872 7,6 79 6,2 12 801 5,411 
Corn 22, 622 8,006 14,6 16 14,663 6,495 8,168 
Soyb eans 1,942 175 1,767 1,701 314 1,387 
Potatoes 44 84 - 40 120 35 85 
Ot her 9,509 1,6 19 7,890 6,865 1,898 4,967 

TOTA L 42,668 10 ,756 31 ,9 12 29,5 61 9,543 20,018 

DODG E 
Hay & pasture 8,259 458 7,80 1 6,867 595 6,272 
Corn 25,466 8,096 17,370 14,540 6) 40 7,800 
Soy beans 1,898 129 1,769 1,984 2 11 1,773 
Potat oes 2 2 
Ot her 8,075 672 7,403 5,646 659 4,987 

TOTAL 43,700 9 ,355 34, 345 29,037 8,205 20,632 
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Table 4. - (cont inued) 

1959 1964 
Actual 50 Act ual 

Tons to ns percent tons 
County and crop recom mended applied Gap nutrient applied Gap 

DOUGLAS 
Hay & past ure 9, 119 628 8,491 8,043 380 7,663 
Corn 9,585 1,240 8,345 7,272 1,431 5,841 
Soy beans 9 13 8 905 549 64 485 
Potatoes 17 17 6 6 
Other 13,629 204 13,425 '10,004 315 9,689 

TOTAL 33,2 63 2,080 31,183 25,874 2,190 23,684 

FA RIBAULT 
Hay & past ure 4,313 1,086 3,227 3,250 1,240 2,010 
Corn 34,383 13,500 20,883 22,727 17,388 5,339 
Soybeans 
Potatoes 

4,784 
100 

184 
80 

4,600 
20 

5,476 
56 

206 
88 

5,270 
- 32 

Other 4,29 1 1,84 5 2,446 4,0 91 2,687 1,404 
TOTAL 47,8 7 1 16,695 31,176 35,600 -21,609 13,991 

FILL MOR E 
Hay & pastu re 19,726 693 19,033 16,737 670 16,067 
Corn 22,362 8 ,296 14,066 15,743 8,306 7,437 
Soy beans 
Potatoes 

946 
15 

25 92 1 
15 

1,350 
4 

130 1,220 
4 

Ot her 11,616 349 11,267 6,454 250 6,204 
TOTAL 54,66 5 9,363 45,302 40,288 9,356 30,93 2 

FREEBORN 
Hay & pastu re 7,623 1,01 5 6,608 5,70 6 1,062 4,644 
Corn 35,055 13,886 2 1,169 20,643 14,673 5,970 
Soybeans 2,348 470 1,878 3,010 466 2,544 
Potatoes 1,584 1,043 54 1 1,550 1,98 1 - 431 
Ot her 11,070 1,070 10,000 5,565 2,524 3,04 1 

TOTAL 57,680 17,484 40, 196 36,474 20,706 15,768 

GOODHUE 
Hay & past ure 14,457 5 12 13,945 11,979 929 11,050 
Corn 15,845 7,244 8,601 11,323 6,870 4,453 
Soy beans 1,700 151 1,549 1,791 304 1,487 
Potatoes 16 16 6 6 
Other 13,131 1,074 12,057 8,687 1,054 7,633 

TOTAL 45, 149 8,981 36,168 33,786 9,157 24,629 

GRANT 
Hay & past ure 3,792 89 6 2,896 3,243 758 2,485 
Corn 9,665 2,413 7,2 52 7,2 19 2,666 4,553 
Soy beans 1,653 82 1,751 1,386 196 1,190 
Potatoes 5 3 2 2 2 
Ot her 10,011 1,392 8,619 7,080 2,596 ---.12ll 

TOTAL 25, 126 4,7 86 20,340 18,930 6,191 12,739 

HENNEPIN 
Hay & past ure 5,075 278 4,797 3,566 216 3,350 
Corn 6,9 23 3,085 3,838 4 ,391 2,218 2,173 
Soyb eans 297 116 18 1 319 121 198 
Potatoes 1,08 1 1,794 - 713 958 2, 121 - 1,163 
Ot her 3,115 505 2,6 10 1,485 407 ~ 

TOTAL 16,491 5,77 8 10,713 10 ,719 5,083 5,63 6 

HOUSTON 
Hay & pastur e 11,23 1 160 11,07 1 8,89 1 342 8 ,549 
Corn 7,816 3,710 4,106 5 ,837 3,845 1,992 
Soyb eans 28 43 - 15 122 36 86 
Potato es 7 7 4 4 
Oth er 4,4 66 306 4,160 2,727 94 2,633 

TOTAL 23,548 4 ,2 19 19,329 17,581 4,317 13,264 
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Table 4. - (continu ed) 

1959 1964 
Actu al 50 Actu al 

Tons tons percent tons 
County and crop recommended applied Gap nut rient applied Gap 

HUBBARD 
Hay & pasture 9,60 1 204 9,397 7,625 495 7, 130 
Corn 905 49 7 408 784 689 95 
Soybeans 20 20 52 4 48 
Potatoes 43 43 13 13 
Ot her 1,742 110 1,633 1,080 19 ~ 

TOTAL 12,311 ---sTT 11,500 9,554 1,207 8,347 

ISANTI 
Hay & pastu re 8,922 355 8,567 6,723 366 6,357 
Corn 4,877 2,150 2,727 3,38 1 2,497 884 
Soybeans 864 190 674 884 284 600 
Potatoes 243 150 93 167 193 -26 
Oth er 2,912 367 2,545 1,824 316 1,508 

TOTAL 17,81 8 3,2 12 14,606 12,979 3,656 9,323 

ITASCA 
Hay & past ure 12,733 99 12,634 10,136 169 9,967 
Corn 2,169 9 2,160 70 68 2 
Soy beans 6 6 
Potatoes 220 137 83 155 317 - 162 
Other 2,900 60 2,840 780 84 696 

TOTAL 18,028 305 17,723 11,1 41 ~ 10,503 

JACKSON 
Hay & past ure 5,866 823 5,043 4,4 39 1,595 2,844 
Corn 35,86 0 9,0 12 26,847 23,108 12,722 10,386 
Soybeans 3,486 59 3,427 4,756 322 4,434 
Potato es 5 5 1 1 
Other 6,05 8 409 5,649 1,376 289 1,087 

TOTAL 51,275 10,304 40,971 33,680 14,928 18,752 

KANABEC 
Hay & pastu re 9,5 12 320 9,192 9,484 3 18 9,166 
Corn 2,041 1,387 654 1,184 1,037 147 
Soy beans 95 11 84 52 31 2 1 
Potatoes 12 5 7 16 5 11 
Ot her 2,2 86 3 18 1,968 1,344 114 1,230 

TOTAL 13,946 2,041 11,905 12,080 1,505 10,575 

KAN DIYOHI 
Hay & pastu re 8,164 1,449 6,715 6,183 1,659 4,524 
Corn 23 ,616 5,587 18,029 16,272 7,962 8,310 
Soybeans 2,729 28 2,70 1 3,136 155 2,98 1 
Pot atoes 6 6 1 1 
Other 7,573 444 7,129 4,688 1,186 3,502 

TOTAL 42,088 7,508 34, 580 30,280 10,962 19,3 18 

k lTTSON 
Hay & past ure 7,7 49 116 7,633 6,527 362 6,165 
Corn 199 62 137 206 147 6 1 
Soy beans 28 59 - 31 
Potatoes 1,198 636 562 995 1,086 - 9 1 
Oth er 26,066 4,108 21,958 17,703 6,517 11,18 6 

TOTAL 35,240 4 ,98 1 30,259 25,433 8,112 17,321 

KOOCHICHING 
Hay & pastu re 3,228 44 3,184 3,165 101 3,064 
Corn 6 8 -2 7 7 
Soybeans 6 6 
Potatoes 74 56 18 17 3 14 
Ot her 1,007 132 875 561 185 376 

TOTAL 4,321 ~ 4,081 3,750 ~ 3,46 1 
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Table 4. - (cont inued) 

1959 1964 
Act ual 50 Act ual 

Tons ton s percen t to ns 
Cou nty and crop recommended applied Gap nutrient applied Gap 

LAC QUI PAR LE 
Hay & past ure 5,2 26 904 4,322 4,61 8 7 11 3,907 
Corn 24,902 4 ,153 20,749 17,174 6,056 11,118 
Soybeans 3,964 8 3,956 3,838 69 3,769 
Pot atoes 4 4 11 11 
Oth er 7,676 380 7,296 5,266 630 4,636 

TOTAL 4 1,772 5,445 36,32 7 30,907 7,4 66 23,441 

LAKE 
~ & pasture 764 9 755 495 495 

Corn 
Soybeans 
Potatoes 1 1 1 1 
Oth er 

TOTAL 
15 

780 
3 

12 
12 
~ 

12 
--ws 

5 
-5 

7 
~ 

LAKE OF THE WOODS 
Hay & pastu re 3,614 83 3,531 2,977 120 2,857 
Corn 2 3 - 1 13 2 11 
Soy beans 
Potatoes 416 164 252 285 136 149 
Ot her 

TOTAL 
3,22 1 
7,253 

475 
---=t25 

2,746 
6,528 

2,156 
5,431 

936 
~ 

1,220 
4,237 

LE SUEUR 
Hay & past ure 4,7 44 283 4,4 61 3,359 419 2,940 
Corn 15,030 3,977 11,053 10,583 5,914 4,669 
Soy beans 1,326 39 1,207 1,742 141 1,601 
Potatoes 12 12 3 3 
Ot he r 7,4 97 392 7,105 3,8 14 1,43 5 2,379 

TOTAL 28,609 4,69 1 23,9 18 19,501 7,909 11,592 

LINCOLN 
Hay & past ure 5,631 603 5,028 4,699 868 3,83 1 
Corn 17,228 1,961 15,267 11,456 2,489 8,9 67 
Soy beans 726 30 696 88 - 88 
Potatoes 4 4 1 1 
Ot he r 6,907 192 6,715 2 ,205 349 1,856 

TOTAL 30,496 2,786 27,7 10 18,361 3,794 14,567 

LYON 
~ & pasture 5,57"6 1,059 4,5 17 4,380 1,433 2,947 

Corn 30 ,657 5,332 25,325 19,930 6,7 66 13,164 
Soy bea ns 1,898 15 1,883 2,394 78 2,316 
Potat oes 4 4 2 2 
Other 6,816 296 6,520 3,594 391 3,203 

TOTAL 44,951 6,702 38 ,249 30,300 8,6 68 21,632 

McLEOD 
Hay & past ure 6,65 5 1,441 5,2 14 5,907 1,874 4,033 
Corn 15,684 4,127 11,557 11,380 5,428 5,952 
Soy beans 1,438 160 1,278 1,660 27 1 1,389 
Potatoes 35 35 3 3 
Other 5,92 7 249 5,678 3,793 583 3,2 10 

TOTAL 29,739 5,977 23,762 22,743 8,156 14,587 

MAHNOMEN 
Hay & past ure 4,098 40 6 3,692 3,826 528 3,288 
Corn 1,049 284 765 940 398 542 
Soybeans 110 7 103 
Pota toe s 67 37 30 34 34 
Ot her 8,522 867 7,655 7,051 1,273 5,778 

TOTA L 13,846 1,60 1 12,2 45 11,851 2,243 9,608 
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Table 4. - (continued) 

1959 1964 
Actual 50 Actual 

Tons tons percent tons 
County and crop recommended applied Gap nutrient applied Gap 

MA RSHAL L 
Hay & pasture 14,248 528 13,720 12,445 629 11,816 
Corn 488 181 307 427 231 196 
Soybeans 39 2 37 4 - 4 
Potatoes 2,302 1,297 1,005 2,486 1,921 565 
Other 36,444 10,761 25,683 28,666 13,722 14,944 

TOT A L 53,521 12,769 40,75 2 44,024 16,507 27,517 

MA RTIN 
Hay & past ure 5,45 6 1,694 3,762 3,656 1,840 1,816 
Corn 39,253 14,652 24,601 25,694 15,860 9,834 
Soybeans 3,481 262 3,219 4,464 376 4,088 
Potatoes 20 20 1 1 
Oth er 7,218 1,372 5,846 2,672 1,226 1,401 

TOT AL 55,428 17,980 37,448 36,442 19,302 17,140 

MEEKER 
Hay & pasture 8,086 822 7,264 6,604 1,309 5,295 
Corn 19,310 4,097 15,213 13,156 5,085 8,071 
Soybea ns 2,004 82 1,922 2,290 415 1,875 
Potatoes 10 1 9 3 3 
Other 9,576 234 9,342 5,676 431 5,245 

TOTAL 38,986 5,236 33,750 27,729 7,240 20,489 

MI LLE LA CS 
Hay & past ure 10,106 291 9,8 15 9,047 496 8,551 
Corn 2,676 1,896 780 1,936 1,626 310 
Soybeans 222 13 209 109 22 87 
Potat oes 156 80 76 35 45 - 10 
Oth er 2,596 330 2,266 1,716 145 1,571 

TOTAL 15,756 2,610 13,146 12,843 2,334 10,509 

MORRISON 
Hay & past ure 28,4 18 426 27,992 26,502 720 25,782 
Corn 7,103 3,292 3,811 4,974 2,993 1,981 
Soybeans 412 28 384 239 68 171 
Potatoes 29 29 25 25 
Ot her 

TOTA L 
8,763 

44,725 
371 

4Ti7 
8,392 

40,608 
5,964 

37,704 
343 

4,124 
5,621 

33,581 

MOWER 
Hay & past ure 11,090 464 10,626 8,816 630 8,186 
Corn 46,907 14,403 32,584 28,073 12,777 15,296 
Soybeans 3,437 120 3,317 3,659 352 3,307 
Potato es 1 1 16 16 
Other 14,500 1,230 13,270 7,976 810 7,166 

TOTA L 76,01 5 16,217 59,79 8 48,540 14,569 33,971 

MURRAY 
Hay & pasture 6,477 1,186 5,291 5,589 1,330 4,259 
Corn 31,702 5,289 26,4 13 20,987 8,117 12,870 
Soybeans 1,958 78 1,880 2,758 132 2,626 
Potat oes 8 8 3 3 
Other 8,500 195 8,305 4,248 343 3,905 

TOTA L 48,645 6,748 41,897 33,565 9,922 23,663 

NICOLLET 
Hay & past ure 4,043 912 3,131 2,893 1,216 1,677 
Corn 17,176 5,983 11,193 12,134 6,359 5,775 
Soy beans 2,151 110 2,041 2,313 195 2,1 18 
Pot atoes 29 29 6 6 
Other 4,634 623 4,011 2,834 663 2,171 

TOTA L 28,033 7,628 20,405 20,180 8,439 11,741 
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Table 4. - (continued) 

1959 1964 
Actual 50 Actu al 

Tons tons percent tons 
Cou nty and crop recommended applied Gap nutrient applied Gap 

NOBLES 
Hay & pasture 6,957 1,418 5,539 6,142 1,621 4,521 
Corn 33 ,813 5,543 28,720 22,848 8,759 14,089 
Soybeans 2,591 62 2,5 29 3,888 72 3,816 
Potatoes 5 5 1 1 
Ot her 10,421 467 9,954 2,8 56 374 2,482 

TOTAL 53,787 7,490 46 ,297 35,735 10,826 24,909 

NO RMAN 
Hay & pasture 8,074 75 1 7,323 7,190 937 6,253 
Co rn 3,474 1,102 2,372 2,334 1,249 1,085 
Soybeans 1,738 45 1,693 126 -1 26 
Pota to es 782 301 481 536 568 -32 
Other 26,267 3,901 22,366 21,376 7,571 13,805 

TOTAL 40 ,335 6,100 34,235 31,436 10,451 20,985 

OLMSTED 
Hay & pasture 13,646 303 13,34 3 10,340 604 9,736 
Corn 18,635 7,458 11,177 11,987 6,995 4,992 
Soybeans 1,144 116 1,020 1,350 133 1,217 
Potato es 12 3 9 6 1 5 
Ot her 9,421 452 8,969 5,859 518 ~ 

TOTAL 42 ,858 8,332 34,526 29,542 8,25 1 2 1,292 

OTTER TAIL 
Hay & pasture 27,882 2,72 2 25,160 24,782 1,701 23,081 
Corn 13,316 3,379 9,937 11,062 4,012 7,0 50 
Soybea ns 591 5 586 906 91 8 15 
Potatoes 55 5 50 23 13 10 
Other 33 ,688 1,221 32,467 24,409 2,157 22,252 

TOTAL 75, 532 7,332 68,200 6 1,182 7,974 53,208 

PENNINGTO N 
Hay & pasture 7,68 9 430 7,259 7,772 551 7,221 
Corn 270 145 125 306 188 118 
Soybeans 4 2 2 2 -2 
Potatoes 71 7 1 150 3 18 -168 
Oth er 12,864 2,885 9,979 12,320 3,687 8,633 

TOTA L 20,898 3,462 17,436 20,548 4,746 15,801 

PINE 
~y & past ure 23,587 405 23,182 19,4 96 465 19,031 

Corn 1,969 1,883 86 1,944 1,780 164 
Soybeans 121 33 88 73 19 54 
Potatoes 48 5 43 19 18 1 
Oth er 3,991 544 3,447 2,364 461 1,90 3 

TOTAL 29, 716 2,870 26,846 23,896 2,743 21,153 

PIPESTONE 
Hay & pasture 4,582 544 4,0 38 4,352 666 3,686 
Corn 17,553 1,88 4 15,669 12,642 3,365 9,277 
Soybe ans 429 8 421 720 37 683 
Potatoes 2 2 2 2 
Ot her ~ 45 6 1,30 2 3,336 490 2,846 

TOTAL 24,324 2,892 21,432 21,052 4 ,560 16,492 

PO LK 
~ & past ure 20 ,166 1,328 18,838 16,548 971 15,577 

Corn 2,542 894 1,648 2,420 1,141 1,279 
Soybeans 237 29 208 19 -1 9 
Potatoes 6,061 3,497 2,564 5,614 4,263 1,351 
Ot her 60,575 20,047 40,528 49,596 24, 263 25,333 

TOTAL 89,581 25,795 63 ,786 74,1 78 30,657 43 ,521 
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Table 4. - (continued) 

1959 1964 
Actua l 50 Act ual 

Tons tons percent to ns 
County and crop recomm ended applied Gap nutri ent applied Gap 

POPE 
~y & pastur e 7,8 24 829 6,995 6,6 51 1,141 5,510 

Corn 16,070 2,315 13,7 55 11,032 3,748 7,284 
Soybeans 1,636 35 1,601 1,548 52 1,496 
Potatoes 13 13 6 6 
Other 13,299 287 13,01 2 9 ,072 346 8,726 

TOTAL 38,842 3,466 35,376 28,309 5,287 23,022 

RAMSEY 
Hay & past ure 596 73 523 250 8 242 
Corn 311 156 155 267 40 227 
Soybeans 14 14 
Potatoes 6 6 2 2 
Oth er 86 79 7 75 256 - 181 

TOTAL -ggg ~ -----wT ~ ~ 304 

RED LAKE 
Hay & past ure 5,765 412 5,353 5,46 1 35 7 5,104 
Corn 53 3 243 290 429 383 46 
Soybeans 28 8 20 3 - 3 
Potatoe s 119 40 79 184 332 - 148 
Other 9,49 0 ~ 2QZ1 8,690 2,4 98 6,19 2 

TOTAL 15,935 2,222 13,71 3 14,764 3,573 11,191 

REDWOOD 
Hay & past ure 5,800 1,095 4,705 5,077 1,705 3,372 
Corn 4 1,665 7,257 34 ,408 27 ,259 11,365 15,894 
Soybeans 5,560 68 5,492 5,980 266 5,714 
Potato es 5 5 4 4 
Ot her 

TOTAL 
8,7 93 

61,823 
69 1 

9Yi1 
8,102 

52,7 12 
4,000 

42,320 
1,067 

14,403 
2,93 3 

27,919 

RENVILLE 
Hay & past ure 6,6 28 1,560 5,068 4,492 1,682 2,810 
Corn 40,2 60 11,880 28,380 28,03 1 18,877 9,154 
Soybeans 8,732 275 8,457 6,55 2 540 6,012 
Potatoes 29 29 34 34 
Other 12,37 5 1,860 10,515 8,354 3,756 4,598 

TOTAL 68,024 15,575 52,449 47,46 3 24,855 22,608 

RICE 
~y & pastu re 6,958 397 6,56 1 5,606 500 5,106 

Corn 14 ,782 4,93 7 9,845 10,450 5,776 4,674 
Soybe ans 1,194 74 1,120 1,318 177 1,141 
Potatoes 15 15 6 6 
Ot her 7,9 89 382 7,607 4,825 568 4,257 

TOTA L 30,938 5,790 25 ,148 22,205 7,0 21 15,184 

ROCK 
-----.=Jay & pastu re 5,292 398 4,894 4,532 618 3,914 

Corn 20,516 2,552 17,964 14,175 4,6 66 9,509 
Soybeans 869 10 859 1,494 56 1,438 
Potatoes 5 5 1 1 
Oth er 4,091 235 3,8 56 ~ ~ 1,369 

TOTAL 30,773 3,195 27,578 21,816 5,585 16,231 

ROSEAU 
Hay & past ure 15,839 883 14,95 6 14,019 798 13, 22 1 
Corn 159 61 98 150 107 43 
Soybeans 2 2 
Pot atoes 138 27 111 194 199 - 5 
Other 17,031 2,376 14,655 16,247 3,934 12,31 3 

TOTA L 33 ,169 3,347 29,822 30 ,610 5,038 25 ,572 
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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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