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SUMMARY 

l. In 1953 Iowa State Colleo'e and the 'fennessee 
Va!Jcy Authority undertook a r esearch 1)roject to 
determine (1 ) characteri stics of Iowa farmers who 
use varying amounts of fe rti lizer and different ferti
lization practices, (2) in formational sources import
ant in the acceptance and use of fer tilizer, (3 ) extent 
of use and handlin g of fer tilizer on the farm and ( 4 ) 
quantitative r elationships between fertilizer use an d 
specified factors cons idel'cd to influence fertilizer use . 
A scientifically selected statewide sample of 532 farms 
was th e basis of this report. 

2. 'l'hc 69 percent of th e fa l'mers using commercial 
fertilizer are character ized, wh en compared with non
users, as having (1) rela tively larger amounts of capi
tal invested in 1 heir farms, ( 2) l argcr farms, ( 3 ) more 
years of formal educa tion, (4) r elatively young-er 
ages and ( 5) fewer years of fa rm ing experience. The 
fer tilizer users also recognize that fer tilizer has bene
ficial effects on crop growth nnd have used soil tests 
extensively as a basis for fcrt i I izer use. 

3. J,7 armers need to sec and hea r a bout increased 
crop yields and greater n et 1·eturns from fer tili zer use 
experienced on n eighbo1·ing fa rms. Other farmers 
(neighbo1·s ) and mass media are the most important 
sources of information influencing fa rmers to accept 
fer tilizer use. Iowa farmers go to state college r epre
sentatives and to fertili zer dealers and salesmen to 
lea rn about a new fertilizer product. The stage of 
farmers' knowl edge with respect to fertilizer use bas 
brought about a r eversa l of some inform ational source 
preferences. 

4. Appreciable differences in fer tilizer use were in
dica ted among areas and crops. A larger proportion 
of the farmers using fer ti lizer were in northern Iowa . 
Corn was fertilized more ex tcn .- ively than any other 
crop . P hosphate was used heavily on oats to secure 

th e benefi cia l effect on meadow seeding planted with 
oats. Potash wa s app lied in small er amounts th an the 
two other main plant foods. 

5. Use of starter fertil izer on com product ion was 
greatest in north eas tern Iowa. However , over half of 
all. fa unei-s considered top-drcssi ng on permanent pas
ture, as well as on supplemental pasture grasses and 
on land in oats as improved fe rtili zer use practices. 
The fai-mei·s l'ecognized the need to changr the crop 
rot:ition wh en fertilizer is used. 

6. T hl'ec-fourths of th e fe1·ti lizer user s indicated a 
preference for th e 80-pound bag. Fertilize!' was 
stored on the farm for the 1!)53 crop ,·eason by 44 
percent of th e ferti lizer usc1· ·. Most of these farmers 
considered the qua lity of stored fe rtil izer to be sa tis
factory. On the ave1·age, farmers storing ferti lizer 
possessed th e gr ea test amount of capital. "rhirt,r-sev 
en pe1·ccnt of th e fe rtilizer users reported some d iffi
cult~- in spreadin g commercial fer ti lizer. 

7. Owner- and tenant-operators had approximately 
the same fer tilizer ex pend it ur es in 1953. Iloweve1·, 
tenant-operators es tim ated th at they could profitably 
spend larger amounts of money for ferti lizer th an 
owner-operators. Lack of capita l was the most imp01:
ti.1nt limitation to th e use of fe1-tilizer at the est imated 
optimum level. In addit ion, tenant-operators cited the 
role of th e landlord in the production planning pro
cess as an important limitation to greater ferti lizer 
use . Tenant-operators ind icated a willingness to in
Cl'ease ferti lizer expendi t ures if their landlords would 
shal'e the costs in th e sa me proportion that crops are 
shared. Approximately 50 per cent of the tenants and 
40 percent of th e owner-operators indicated a willing
ness to increase fer ti li ze r expendi tures if more capi
tal was available. 

8. Nineteen percent of th e owner-operator and 29 
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percent of the tenant-operator indicated th ey would 
use more fertilizer if they could borrow without added 
security. Tenant-operator s indicated that they would 
borrow $204, on the average, if the repayment sched
ule was based on " timing of retm·ns," as compared 
with $172 for owner-operators. 

9. The amount of fertilizer used the previous year 
and size of farm were significantly r elated to the 
amounts of fertilizer used on owner- and tenant-op
erated farms. 

10. The marginal or additional incr ease in fer tiliz
er use for a given increase in anticipated corn-yield 
r esponse is greatest when capital investment, farm 
size and use of fertilizer the previous year are greater. 
The marginal use of fertilizer is lower for higher 
anticipated corn-yield responses. 

11. Capital investment and uncertainty of antici
pated corn-yield response from 40 pounds of nitrogen 
applied per acre were significantly related to the rate 
of nitrogen application on owner-operated farms. 
Uncertainty of anticipated corn-yield r esponse was 
negatively (significantly) related to the amount of 
nitrogen used per acre by tenant-operators. As the 
tenant controls more capital, his use of nitrogen on 
land in corn increases. A decrease in uncertainty 
about corn-yield r esponse is positively r elated to an in
crease in nitrogen use. Nitrogen use also increases 
with increases in the farmer's anticipated yield re
sponse from a given input of nitrogen. 

12. The greatest increase in the use of nitrogen by 
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tenant-operators on land in corn is likely to be ob
tained by working with those farmers having high 
capital investment and a minimum amount of un
certainty with respect to anticipated corn yields OIJ 

land receiving"a given amount of nitrogen. 

13. Equity ratio was significantly r elated to tlle 
difference between farmers' estimated most profitable 
::md actual fert ilizer expenditure for owner-operators. 
For tenant-operators, the difference decreased with an 
increase in their fertilizer use experien ce. 

14. The proportion of an additional $1,000 an own
er-operator would spend for fertilizer was r elated to 
the amount of fertilizer u sed the current year. On 
the other hand, the proportion of an additional $1,000 
a tenant-operator would use for fertilizer was related 
to his capital investment. 

15. Farmers' estimated yield response from various 
levels of nitrogen application for corn grown in the 
second year after meadow was significantly gr eater 
than their estimated yield r esponse for corn grown 
in the first year after meadow. In general, tenant
operators estimated higher corn-yield responses from 
nitrogen applications than did owner-operators. 

16. A demand curve for nitrogen use on corn
derived from the farmers' expected corn-yield re
sponse from nitrogen- lies to the right of a subjective 
demand curve for nitrogen use on corn derived by 
questioning farmers on nitrogen use at various nitro
gen and corn prices. This suggests the degree farm
ers discount for risk and uncertainty. 



An Appraisal of Factors Affecting the Acceptance 

and Use of Fertilizer 1n Iowa, 1953 1 

BY M. A. ANDERSON, L. E. CAIRNS, EAR.Lo . HEADY AND E. L. BAUM2 

Fertilizer use by Iowa farmer in recent years is 
an example of an important chan ge in farm practice. 
The amount of fertilizer used in the state increased 
from 9,000 tons in 1938 to over 600,000 tons in 1953. 
This rapid adoption took place at a time when farm 
prices generally were on the upswing and when fa
vorable fertili zer-crop price ratios existed. 

Other phenomena also have favored a rapid upward 
trend in fertilizer use. Addit ional research on fer
tility and soil mana gement has indicated the high 
response and profits to be r ealized from fertilizer at 
many locations. Agronomic research also has demon
strated that it is necessary to have a combination of 
improved crop varieties, heavier planting r ates and 
fertilization, to obtain optimum corn yields. During 
the period 1938-53, the capital position of Iowa farm
ers improved greatly-encouraging a rapid adoption 
of a practice such as fertilization. 

Fertilizer usage is expected to in crease further, if 
relatively stable economic conditions and favor able 
product price- fertilizer cost ratios continue. The po
tential of increased fert ilizer use exists in the sense 
that the value of crop response is considerably greater 
than the cost of the fertili zer on many Iowa farms. 
The practicability of increased fer tili zer use depends 
particularly on the economic characteristics of farms 
n ot now using fertilizer ; it depends on the attitudes 
of these operators toward fertilizer use and their un
derstanding of the benefi cial effects of fertilizer. Ex
panded fer tilizer use also depends on greater knowl
edge of the factors assoc iated with fertilizer use by 
those who are now using fertilizer but not at the most 
profitable level. 

OBJECTIVES 

In 1053 Iowa State Coll ege and th e Tennessee 
Valley Authority undertook a research project deal-

'Pr o jec t 1 248, Iowa Agricultura l Experiment Sta tion . Thi s 
s tudy was con d ucted unde r a contrac tual ag reement be t ween t'.h e 
T ennessee Valley A uth or ity a nd Iowa S t a te College. The a utho r s 
express th e ir apprec ia ti on to the m embe rs of the Agronomy, 
Econ om ics and Soc iology. a nd Statist ics departments of I owa 
State Coll ege for their h elpfu l s ugges tions in the prepa ration of 
the q uesti onna ire a nd the rev iew of thi s manusc ript. Apprec ia 
ti on is ex te nd ed to L eland G. A llba u g h a nd J ohn Blackmo re or 
TVA fo 1· the ir h elpful s uggestion s a nd c ritica l rev iew of thi s 
manuscript. 

2 Now assoc ia te directo r, Agricu l tura l Extens ion Se r v ice, Iowa 
State Colleg-e, formerly exten s ion agron omist, I owa State Coll ege; 
assoc ia te, Depar tment of Economics a nd Sociology, I owa State 
College ; p rofessor, D e partment of Economics a nd Sociology, Iowa 
S ta te Coll ege; a n d agricu ltura l econ omist. Agricultu ra l Econ
omics B ra nc h. Division of Agricultura l Rela t ion s, T ennessee 
Valley A utho rity; respective ly. 

mg with fertilizer use in Iowa. The objectives of 
this study included: ( 1) determining the character
istics of farms and farmers who use varying amounts 
of fertilizer; (2) determining the informational 
sources important in the acceptance and use of fer
tilizer; ( 3) determining the nature of fertilization 
practices used and the nature of farms using them; 
( 4 ) determining the quantity and pattern of fertiliz
er use in Iowa; and (5) predicting the functional 
relationship between se lected variables and fertilizer 
use. 

It was expected that data relating to these objec
tives would yield knowledge on economic character
istics which relate to ferti lizer use. This knowledge 
may provide a basis for improved education, sales 
and production activities r elating· to fertilizer and 
its efficient integration into farming. Also, increased 
knowledge of factors related to a specific practice, 
such as fertilization, should provide some guide for 
educational efforts relating to other farm practices. 

SAMPLE 

Iowa was considered th e univer se for this investiga
tion. The state was divided into nine general soil 
areas3 (fig. 1 ), and a random proportional sample of 
farms was selected.' Th e sample contained· a total of 
532 farms. 5 

3These nine gen er a l so il a reas a re descr ibed in: G uide t o ferti
li zer use. Iowa Agr. Ext. Ser. Pam. 193. 1 953. 

'A de ta iled presenta ti on of the sampling pla n and methods of 
estima tion a nd r e li a bility used in thi s s tudy are presented in 
Appen dix A. Random sampling is a m e thod of se lec ting a given 
numbe r of fa rms from a popul a ti on so tha t every fa rm within 
the popu la ti o n h as a n equal ch a nce of be ing selected. The u se 
of thi s s tatistica l technique ena b les the r esearc he r to draw in
fere nces con cerning fe rtilizer use a n d acceptance by a ll I owa 
fa rme rs from a rela ti vely s ma ll sample. 

Soil No. of farms 
area in sample 

1 121 

2 87 

3 37 
4 88 

4a 30 
5 44 

6 4 6 
7 37 
8 42 

State 532 

Dom ina nt so il s 

W ebst e r , N ico ll e t, Harpster, C larion a nd 
and S t o rd en 

Carring t on, F loyd, Cly de a nd "plas tic 
phase"of Carring t on a n d Floyd 

Fayette, Downs a nd T ama 
T a ma , M u scatine, Cl inton, Lindley, 

Ta intor, Mahask a a nd Otley 
·winter se t, Sharps burg and Shelby 
Ed ina, Seymour, Grundy, Haig, Weller, 

~Iario n, L indley a nd Shelby 
Mars ha ll 
Monon a, I da a nd Missouri Bottomla nd 
Marcus, Primg ha r, Ga lva and Sac 
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Fig . 1. Iowa so il a r eas in re la ti on t o f e rtiliz e r n eeds. 

Members of the college departments of Agronomy, 
Economics and Sociology, and Sta tistics collaborated 
with personnel in the Agricultural Economics Branch, 
Tennessee Valley Authority, in preparing the ques
tionnaire.6 The questionnaire was de.signed to ob
tain information on farm size, ownership and tenancy 
arrangements, fert ilizer use and handling of fertilizer 
on th e farm, cropping practices, livestock systems, 
age and level of formal education of operators and 
other sta tus factors. Information also was obtained 
on the following items : farmers' anticipations and 
uncertainty of anticipations of future prices for corn ; 
fa rmers ' ideas on use of additional capital and will
ingness to use more capital for ferti lizer under differ
ent condition s; and sources of information important 
in the acceptance and use of fertilizers in Iowa. 

GENERAL CHARACTERISTICS OF 

FERTILIZER USERS AND NONUSERS 

Although fer tilizer use has increased greatly in the 
last decade, it is still much below the level considered 
optimum by soil scientists, economists and successful 
farmers. This r elatively low level of fer tilizer use, 
or lack of use on many fa rms, may be r elated to many 
factors including: capital rationing, level of formal 
education , form of available information on fertiliz
er s, tenure arrangements, lack of knowl edge of fer
tilizer response and profit possibilities, beliefs concern
ing th e value of fe rtilizer use, farming experience and 
experience with fert il izers. 

To better understand these restrictions on fertilizer 
use, some general characteristics of farmers who do 
not use fertilizer were studied to determine similarities 
and dissimilarities between these two groups. A sum
mary of the data is presented in this section. Users 
and nonuser s of ferti lizer ar e compared with r espect 
to size of farm, tenure, age of operator, level of for
mal education, beliefs concerning the effects of fer
tilizer , and use of soil t ests. 

Approximately 69 percent of the farmers in Iowa 
were fertilizer user s in 1952-53 ( table 1) . A fertilizer 

' This questionna ire r ece ived U. S. B udge t Bure a u Approva l, 
No. 74 - 5304, June 19 53, prior t o fi e ld e nume ration. 

6 

T a b le 1. GENER AL C H A R ACT E RISTICS OF FERTILIZER 
USERS AND NO-NUSER S IN IOWA, 1953. 

Non- All 
C harac te ris ti cs Use rst u se rs fan11ers 

N un1ber in sample 365 167 532 
Aver age siz·e farm (ac res) 204 165 192 
P e rcent owne rs o r part owne rs 56 56 56 
Per cen t rente rs 44 44 44 
Ave rage ow n ed ca pita l (do ll a r s) t 31,751 1 9,807 28,002 
Average age of operato r 43 49 45 
Average years f arn1ing expe rie nc e 18 22 19 
Ed uca ti o n: 

P ercent g rade sch oo l onl y 48 63 52 
P e rcent so111 e hi g h sch oo l 45 34 42 
Pe r c ent some co ll ege 7 3 6 

T o tal 100 100 100 
P e r c ent b e li e ve d fe rtilize r h as: 

B e n e fi c ia l e ffec t 88 63 80 
H armful effec t 4 1 0 6 
Effect n o t kn ow n 8 27 14 

T o ta l 10 0 100 10 0 

t A f e rtilize r u ser ,vas c harac te rized as one w ho h ad used fer
tiliz e r in 1 952 o r 1 953 . 

tOw n ed capita l is the cash value of th e f a rm (if owned) , 
li ves toc k, f ee d s uppli es, m achiner y a n d equipment minus a ny 
mortgage o r inde bted n ess. 

user could be characterized genera lly as having more 
capital, a larger farm, more yea rs of education and 
fe wer yea rs of farming experience, and being some
wh at younger than the nonuser. 

S IZE OF F 1\ RM 

F ertilizer users operated farms averaging 204 
acr es, whereas the size of nonusers' farms averaged 
165 acres ( table 1 ) . The percentage of fertilizer 
user s tended to increase with farm size (fig. 2 ) . The 
proportion of ferti lizer users in the lar gest farm size 
group (grea ter than 259 acr es ) was approximately 
twice as gr eat as those in the smallest farm size group 
(less t han 80 acres ) . 'fhe r everse relationship existed 
for nonfcrtili zer users-i.e., 29 percent of nonusers 
operated farms having more than 259 acres, whereas 
63 percent operated farms of less th an 80 acres. 

T ENuRE OF F .IJ"llVI OPER.\TOR 

Considerin g all owners and all tenants, there ,vas 
no significant difference in the per centage of each 
using fertilizer ( table 2 ) . ,Vi th in the o,vner group, 
however, a significantly greater proportion of part 
owner s than of full owners used ferti li zer. Similarly, 
within th e r enter group, a significantl y greater propor
tion of operators on livestock-share farms u sed this 
practice. It is possible th at th e effects of form of ten
ure and size of farm may be confo unded. The two 
tenure groups with the greatest percentage of users 
also are those averaging the grea test number of acres 
in fa rm. Part owners man aged the largest size farm 
operations (259 acres ) . The average size farm man-

FARM SIZE 

Less ttion 80 acres 

80- 139 acres 

140- 189 acres 

190- 259 acres 
More ttion 259 acres 

USERS 

Fig. 2. S ize of fa r m oper a t ed by f e rtili zer user s a nd n onuser s, 
I owa, 1953 . 



T a b le 2. FERTILIZER USERS AND SIZE OF FARM OPERATION BY T YPE OF T ENURE, I OWA, 1 953. 

N umbe r of 
Nun1be r fe rtili zer 

T e nure of farm s users 

A ll o,vners --------------------- 297 203 
Own e r-opera to rs ----------- 23 1 1 54 
Part ow ner-ope ra tors -------- 66 49 

A ll rente rs -------- ------------- 235 16 2 
C r o p-sh a re ----------------- 115 75 
Li,·es toc k- s hare ------------ 84 62 
Cash a n d o the r - ------------ 36 25 

All far n,ers -------------------- 532 365 

aged by all owners was 183 acres; whereas all types 
of r enter-operated farms averaged 203 acres. 

AGE OF OPERATOR 

F ertilizer user s t end to be younger and have less 
farming experience (table 1) . Th e average age of 
farmers using fertilizer was 43 yearn, as compared 
with 49 years for those fa rmers n ot using fer tili zer. 
Farmers who used fertilizer had farmed an average 
of 18 years, compar ed with 22 years for farmers not 
using fer ti lizer. 

l 1EVEI, OF O PER.\TOR's F ORMA L Eo UCA'l'ION 

'l'he fa rm operator 's ability to read, understand and 
eva luate literature on fertilizers was expected to be 
positively associated with the level of formal educa
tion. To test this 1·ela tion ship, farm opera tors were 
divided into three formal educationa l groupings : 
grade school , high school and college. A farmer was 
placed in th e highest educat ional group if he h ad any 
training at tba t level. The proportion of nonusers 
who had only grade school educa tion was grea ter 
than the proportion of user s who had only this amount 
of education ( table l ) .' 

BELIEFS ABOUT F E RTILIZER EFFECTS 

Farmers ' beliefs a bout the effects of fertilizer in 
crop production were investigated to determine if 
they were related to the amount used. 'l'hese beli efs 
were cla ssified i.nto three categories depending on 
wheth er farmers thought fertilizer had beneficial, 
harmf ul or 11 eutral effects on the soil. Fertilizer was 
considered beneficial by 87 percent of the fertili zer 
user s, wher eas only 63 percent of th e nonusers be
lieved that fertilizers had a beneficial effect (table 1) .8 

'l'he differences in beli efs about ferti lizer effects be
tween nser s and nonuser s were hi ghly significant. 

F armer s, in general, consider ed fertili zer to have 
benefi cial effects on crop growth. However , this does 
not indicate that they are convinced that fertilizer use 
is profitable- as evidenced by the 63 percent of th e 
nonusers who believed that fertilizer use benefited 
crop production. These farmers may believe that fer
tilizer use increases crop yields but th at these addi
tional yields cost more than is added to returns. If 
farmers are to use fertilizer ( or any other r esource), 
they must be convinced that the practice is profitable, 

7 The X 2 s h owed th e diffe re nces t o be hi g hl y s ig nificant, i .e ., 
X 2 =11.5••. Two ast e risks m ean P<0.01; on e asteri s k m ean s 
P<0.05. This n o t a ti on fo r le ve l of s ig nificance w ill be used h e r e 
a fte r. 

8 X 2 = 42.6••. 

Acres 
Percent in • Acres Acr es 

users fa rm owned rented 

68 1.83 
67 1 61 161 
74 259 140 119 
69 203 
65 201 201 
74 230 230 
69 1 50 1 50 
69 1 92 

or th e effects of tenure or other obstacles must be 
lessened. Since only a small proportion of the non
users had used a so il test, it is likely that knowl edge 
of t heir specific soil needs was lacking, on the part of 
both those who thou ght fertilizer was beneficial (63 
percent ) and those who expressed no beliefs (27 per
cent ) . 

USE OJ<, Soi L T ESTS 

Soil nutrient t ests were obtained by a significantly 
larger proportion of fer tilizer users than nonusers 
(38 and 8 per cent ) .0 Also, a significantly greater pro
portion of fertilizer users obtained soil tests for lime 
needs (44 and 21 percent, respectively ).1 0 The ex
tensive use of soil tests on more farms would indicate 
specific needs for fertilizer and p robably would be an 
influencing factor in using more fertilizer. To the 
farmer, soil tests indicate nutrient levels and lime
stone needs but do not n ecessarily indicate the abso
lnte response from a given applicati on of fertilizer . 

Sin ce fertili zer recommendations accompany the 
results of the soil test, farmers were asked whether 
they had followed these r ecommendations. Eighty
seven percent of the 161 fertilizer users who obtained 
soil tests followed the r ecommendations. Varied 
r easons were indicated for not · following soil test 
r ecommendations. Some of these reasons were: lack 
of capital , nonsharing of costs by the landlord, r ecom
mendation not in a. form directly applicable to his 
parti cul ar situation, or substitution of clover and ro
tated pasture for fertilizer to fulfill nitrogen needs. 

I Nl?ORlVIATIONAL SOUR CE S IMPORTANT 

IN THE ACCEP'rAl~CE AND USE OF 

FERTILIZER 

FACTORS I NFLUENCING F E RTll~lZE R USE 

Slightly over half of the farmers using fertilizers 
c1·edited neighbors, friends, landlords or other farmers 
as the most important influencing factors in adopting 
the use of fert ilizer. This does not preclude the pos
sibility that they had information from other sources, 
but it does r eflect the important contact or medium 
which the farmers recalled in arriving at their de
cision (fi g . 3 ) . 

lVIass media generally a.re r ecognized as an impor
tant source of information on new fertilizers. In this 
study, one-fifth of the farmers using fertilizer indi
cated that they wer e motivated to use fertilizer by 

• X 2 =50. 05**. 
1 0 X" = 29.96**. 

7 



Other formers ~$ff$ #ff ~ff/2'l157 

Mass media WW?"B#'M 20 
Personal P7777777J 
experience ~ 9 

Field days, 
demonstrations, ~ 8 
meetings 

Dealers and 
salesmen 

Did not recal l f::a 2 

Percent 

Fig. 3. Most important source of information influencing the 
initia l u se of f ertilize r by I owa farmers. 

this means. Of the 20 percent crediting mass media, 
four-fifths claimed farm mag·azines, farm journals and 
daily papers as the most important sources influencing 
their use of fertilizer. One-fif th of the respondents 
indicated the most important sources were bulletins 
and other published material from Iowa State Col
lege. 

RELA'I'IONSHIP OF S •r ATUS TO I NFLUENCI NG F ACTORS11 

Educational experience. Other farmers were the 
most important original source of information on fer 
tilizer use for farmers having grade school education 
only (62 percent ) . F armers having a high school 
and some college education also cr edited this source 
as most important ( 52 and 44 percent, r espectively) . 
Those having some college education cr edited their 
acceptance of fertilizer use to a greater extent to 
articles in farm magazines, newspapers, bulletins and 
other materials from Iowa State College ( 46 percent). 
Fertilizer salesmen or dealers were a more important 
source of information among those with a grade school 
education. 

Y ears of f ertilizer experience. Thirty-four percent 
of the fertilizer users had fertilizer use experience 
extending to and beyond an 8-year period. Another 
third had adopted the practice '' in the past 3 years'' 
(prior to 1953 ) . Those who started u sing fertilizer 
"in the last 3 years" ( most recent acceptors ) credited 
other farmers who told about higher y ields as the most 
important single factor in the acceptance of fertilizer 
use (3 6 percent ) . In gen eral, the influence of neigh
boring farmers on the acceptance of fertilizer use 
was the most important factor regardless of length of 
fertilizer experience. Twelve percent of the farmers 
with 3 or less year s of fertilizer experience credited 
magazines, newspapers and farm journals as the pri
mary source in fertilizer acceptance, whereas slightly 
over 20 percent of those with greater fertilizer ex
perience credited mass media. 

Years of f cirming experience. The experiences are 
divided into three main groups: those with 9 years 
or less of farming experience, a group who began 
farming following World War II ; another group 
with 10 to 19 years' experience who had farmed large
ly through a period of generally rising prices; and 

11The ba s ic s t a ti s tical d a ta upon w hich this section is based 
may be fou nd in Append ix B. 
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a third group who had farmed for 20 years or more. 
This third group had had farming experien ce during 
an economic aepression. In the latter group approxi
mately half had had 30 years or more farming experi
ence. 

As might be expected, those who had farmed for 
a period of less than 10 year s were influen ced to a 
greater degree by their home farm experien ce (11 
percent ) than those who had farmed for a longer 
period (7 percent ) . F er tilizer salesmen or dealers 
had a greater influ ence among the farmers with more 
experience. 

T enure . Other farmers were a more important 
source of information among renters than among own
er-operators (65 and 51 percent, r espectively ) . Own
er-operators credited farm magazines, field days and 
demonstrations, extension meetings and bulletins as 
a more impor tant source than did r enter s (22 and 15 
percent, respectively ) . 

Size of f an1i. The farmers operating the larger 
farms appeared to be less dependent on other farmers 
and cr edited reading of papers and bulletins and at
tending meetings as relatively more important fac
tors influencing their acceptance of the fertilizer prac
tice. '!'hose who operated the smaller units credited 
the fertili zer dealer and salesman as a relatively more 
important source. Other farmers likewise were an im
portant influence to those operating the smaller-sized 
farms. 

Capital position. Fertilizer users who owned capi
tal above $30,000 gave r elatively less cr edit to ot her 
farmers as a reason for starting to use fertilizer than 
did those farmers with less than $30,000 owned capi
tal. Of interest is the indication that farmers with 
under $10,000 owned capital were more likely to credit 
what other farmers told them about fertilizer use than 
their own observation. All other capital groups credit
ed what they had seen on other farms as the most 
important motivating force in adopting the use of 
ferti lizer. The highest capital group is the only one 
that credited r adio and television as an influence in 
starting to use fertilizer . This group also rated meet
ings held by county extension personnel much higher 
than other capital groups. H owever, excepting those 
in the lowest capital group, farmers credited the fer
tilizer salesman or dealer less than other groups. 
Field days and demonstrations were relatively more 
important to farmers in the two lowest capital groups. 

SOURCES OF IN:B7 ORMA'l'ION ON 

A NEW FERTILIZER 

One of the purposes of this study was to identify 
the sources of information Iowa fertilizer users would 
depend on when a new fert ilizer is placed on the mar
ket. Although the question in volved a new fertilizer 
product, it was r ecognized that all respondents had 
had some experience in fer tilizer use, i.e. , an associated 
practice. 

The question asked farmers wa as follows : " If 
you heard of a new fertilizer that has relatively low 
cost and is ver y effective in increasing crop yields, 



w~1ere would you seek information about its use ~'' 
Nmety percent of the 365 fertilizer users identified 
one or more sources of information they would select 
(fig. 4 ) . 

Forty-four percent of fertilizer u sers indicated that 
Iowa State College was their main source of informa
tion, Grouped in this category in the order of fre
quency named were r eplies such as county agent, 
Iowa State College, county extension service and ex
periment station. 

The county farm bureaus were designated by nearly 
16 percent of t he fertilizer user s as their first choice 
as a source of information on a new fertilizer. Inas
much as the county farm bureaus, at the time of the 
survey, were the legal sponsoring organization of the 
Extension Service in Iowa, this source might appropri
ately be added to the Iowa State Colleae source. This 
,~~uld indicate that a total of 60 perc~nt of the fer 
tilizer users would look to the organizations or the 
r epresentatives of Iowa State ColleO'e as their source 
of information on new fertilizers. 

0 

F ertilizer dealers and salesmen were selected by 12 
p_ercent of the user s as their main source of informa
t10n on new fertilizer s. The Production and Market
ing Administration, Soil Conservation Service and vo
cational agricultu~·e_ instructors accounted for slightly 
less than the fertilizer dealers and salesmen. While 
over 50 percent of these same farmers credited their 
landlord, neighbors and fr iends as a causative factor 
in starting to use fertil izer, only 4 percent said they 
would go to the same group for information on a new 
fertilizer just about to be placed on the market. 
. Magazines and n ewspapers were considerably less 
important as a source of additional information under 
these condi~ions. Undoubtedly, as indicated previ
ously, the biggest role of mass media would have been 
in the ann ouncement phase. 

MAIN SOURCE OF I NFORMATION : FERTILIZER 

USE ACCEPTANCE vs. NEW F ERTILIZE RS 

The di~erei:-ce between_ informational sources as pri
mary motivatmg factors m acceptance of fertilizer use 
and in obtaining knowledge about a new fer tilizer 
product are illustrated in fig . 5. For the majority of 
farmers, observing the better stands on other farms 
a_n? hearing about higher yields resulting from fer
tihz~~ use had more influence in the acceptance of 
fertilizer use than in the obtainino· of information on 
new fertilizer products. When °fariners who have 
used fert ilizer desire information about a new fertil-

Iowa State Col lege W#~/2½0'/2j~A44 
County Farm Bureau ~M 16 

Fertilizer dealers a salesmen ~~ 12 

PMA, -SCS, Voe. Agr. Inst. WW~ 10 

Landlord, neighbors, friends ~4 

Magazines 8 newspapers ~ 2 

Al l other sources ~ 2 Percent 

Did not know 101/,.,WM 10 

Fi~. 4. R ela tive importa nce of m a in sources of informa tion 
f ertilizer users ,,·oulcl seek on a ne w f e rt ili ze r. 

TYPE OF CONTACT ACCEPTANCE INFORMATION ON NEW FERTILIZER 

Other formers ~t,j66 ~4 
Moss media ~Mis ~5 

Public agencies ~ 10 nF[07,W/2.,,..,W✓..,.½'"'~,.,½-r.½~0~1/'~~~~69 

Fertilizer salesmen 
S dealers 

Did not know 
Percent 

r0W,1¼//4::!12 

00'/4½0110 

Percent 

Fig. 5. Co mpa ri so n of sou r ces respons ible for initial use of 
f!!}~lu~e r a nd sources used to sec ure in forn1ation on a ne,v ferti -

izer produ_c t, they. secure th eir information primarily 
from public agencies (Iowa State ColleO'e 44 percent 0 , , 

county farm bureaus, 16 percent; and USDA agencies, 
9 percent ) . Mass media ( r adio mao·azines tele
vision and n ewspapers ) played a'n i~)ortant role 
( 18 percent ) in getting initial acceptance of fertiliz
er. However, there was a decrease in the Telative 
imp?rtance of mass media in conveying basic infor
mat10n on a new fer tili zer product. 

This ~pparent r eversal of source prefer en ce may 
be explamed by the stage of knowledge of the farm
er with respect to fert ilizer u se. When he was un
decided whether to try fer tilizer or not he accep ted 
the word of his friend or neighbor t~ confirm his 
preliminary opinions. His neighbors or friends were 
in fact the ' 'push '' he needed to try the practice. 
They were ' 'acceptors'' and, thus, had an influen ce 
on his decision. 

USE AND HANDLING OF FERTILIZER 

ON THE FARM 

Knowledge of the quantity of fertilizer used and 
related practices in fowa is limited. Agricultural 
programs r elated to more effi cient production should 
be developed on knowledge of the extent of fert ilizer 
use on farms, rates of application on various soils 
growin~ ~iff~rent crops under variable farming sys
tems, lim1tat10ns to use, container preference an d 
farm storage of chemical fert ilizers, as well as on 
knowledge of other types of technical and economic 
information. Such information obtained from fer 
tilizer users is presented in this section so that the 
relationships between status factors and fertilizer 
use, and the quantitative relationships of factors re
la ted to fer tilizer use are better under stood. 

EXTEN T OF FERTILIZER UsE 

The extent of fert ilizer use by Iowa farmers is 
presente~ by :1-utrients used on specific crops grown 
m the nme s01l areas. While 62 percent of the esti
mated 180,000 Iowa farmers used fert ilizer in 1053 
fertilizer was used on only 21 percent of the 34.5 
million acres of farmland ( tables 2-A 2-C and 3-C 
in Appendixes A and C) . An estimat~d 4½ million 
?~cr_es pla_n~ed m corn was fertili zed ( table 4-C ) . 
Ih1s fer tilized corn acreage amounted to 64 percent 
of the total crop acreage receiving chemical fertiliz
er. Approximately 41 percent of the corn acreage 
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T a bl e 3. ESTIMATED T O 1NAGE OF PLANT NUT R I ENT S APPLIED T O LAND I N CORN AND O THER CROPS, IOWA, 1953. 

Crop 

Co rn _______________________ _ 

A ll othe r c r ops _____ _______ __ _ 

T otal ------------------------

N it roge n (N) 
( tho usand s of t on s) 

S ta te 
e s t. 

4 2. 1 
1 2.5 
54.6 

95 % confi
d e nce limi ts 

34 .0 - 50.4 
11 .5 - 13.4 
45.5 - 63. 8 

was fer tilized, and 51 per cent of the farmers in the 
sample applied fertilizer to land in corn. 'l'he esti
mated tonnage of plan t nutrient used on land in corn 
and other crops is pr esen ted in table 3. Corn acreage 
r eceived 77 per cent of the nitrogen, 50 per cent of 
the phosphate and 83 percent of t he potash fertili zer 
applica tions. 

A compari son of fer tilizer use on land in corn 
and small grain in the nine Iowa soil ar eas is pre
sented in table 4. The proportion of farmers using 
fer tilizer was lowest in soil ar ea -:I: (central southeast 
ern Iowa ) ; ar eas 2 and 3 (northeastern Iowa ) had 
the grea test proportion of fa rmers ·using fertilizer . 
In n or theastern Iowa ( areas 2 and 3 ), the proportion 
of farmers using fer tili zer was twice as grea t as in 
centra l-southeastern Iowa (ar ea 4) , although th ey 
ar c contiguous areas. Soil ar ea 4 is one o:E the most 
concentrated livestock ar eas in Iowa , an d more manure 
is retumed to the land than in other sections of the 
sta te. An important portion of the grain f eel to 
livestock in this ar ea is purchased from other areas 
of Iowa . In general, the per cen tage of fa rmers using 
fertilizer is higher in northern th an in southern lowa. 
Southern Iowa farmers typicall y oper ate with less 
capital and have lower in comes th an farmers in 
northern Iowa. 

Th e propor tion of farmers using fertili zer on land 
in corn r anged from 83 percent in n orthern Iowa 
(area 2) to a low of 25 percent in southern Iowa 
(area 5 ) . The major portion of the oats grown as 
cash crop without legume seeding is found in soil 
areas 1, 2 and 4. F ertilizer was appli ed on land in 
small grain with meadow seeding by 26 per cent and 
on land in small gr ain without mea dow seedin g by 
11 percent of the farmers. More fa rm ers were in
clin ed to fe rtili ze their small gr ain and legume seed
in g in northwest and north-central Iowa than in other 
ar ea · of Iowa. The smallest proportion of farmers 

T a ble 4 . F E R TIL IZE R USE B Y I OW A FARM ERS ON L AND 
I N CORN, SJ\'IAL L GRAI N OR OT H ER CROPS, 1953 . 

Pe rcent of f a r mers u s ing f e rtili ze r on : 
S m a ll g r a in 

N u m be r of With ·witho ut 
fa rmers A n y meaclo,v m eadow 

Soil areat in sam ple crop Co rn seed ing seed ing 

1 1 21 66 50 34 14 
2 87 86 83 28 18 
3 37 81 81 22 3 
4 88 42 36 11 14 
4a 30 53 27 23 3 
5 44 48 25 27 9 
6 46 50 44 17 4 
7 37 46 40 1 9 5 
8 42 69 48 50 5 

Sta te 532 62 51 26 11 

tSee fi g . 1. 
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P h osph a te (P,O5 ) 

( tho usands 2f ton s) 
Stat e 95 % con fl -
est . de nce limits 

47.5 
47.5 
95 .0 

~9 .5 - 55.5 
43.0 - 52.0 
8 2.5 - 107.5 

Po tash (K,O) 
( th ou san ds of ton s) 

S ta te 95 % confi-
est . dence li m its 

29 .0 
6.5 

35.5 

23.8 - 34. 3 
4.5 - 7.4 

28 .3 - 41. 7 

fertilizing small gr ain was located in east-central 
Iowa. Only in area 5 (southern Iowa ) and area 8 
(northwest Iowa) did a larger proportion of farmers 
fertilize small grain than corn, although the differ
ences are not apprecia ble. 

Th e pronounced n eed for phosphate to establish 
legume stands and the additional yield obtained from 
small grain are r esponsible for the lar ge number of 
fa rmers fertilizing small gr ain with meadow seeding 
in D. r ea 8. H eavy applications of phosphate fer tilizer 
in this ar ea have been a 1·ecommenclcd practice for 
many years . F ertilizer is used to get a good ''catch '' 
from meadow seeding r ath er th an to get increased 
yields of oa ts wh ere oats ar e grown prima1·ly as a 
nurse crop. 

Soil ar eas 1, 2 and 4 contain an appreciable pro
portion of fa rmers who fer tilize small gr ain without 
a meadow seeding. Oats arc grown in areas 1 and 2 
as a cash crop. Most fa rmers grow oats as a nurse 
crop for legumes, but only a small proportion grow 
oa ts alon e. Soil fertility is r elatively high, bu t fer
tili zer r e ·ponse on land in oa ts is favoi-able. In soil 
area 4, th e general soil fertility level is higher than 
in other areas; thus, yield r esponse from fertilizer 
applied to land in oats is not appreciable. 

N ITROGEN 

Th e rates of nitrogen application per fertilized 
acr e in corn and oats in Iowa in 1953 averaged 18 and 
9 pounds, respectively ( ta bl c 5) . The applica tion of 
nitrogen on land in corn was greatest in western Iowa 
( soil ar eas 4a, 6, 7 and 8 ) . The soils in these ar eas 
are gen erally eroded and low in organi c matter and, 
thus, r espond to nitrogen . The lowest r ates of nitro
gen applied per fertili zed acre in corn wer e found in 
areas 2 and 3 of northeast Iowa where rota tions in
clude a lar ge proportion of legumes and an appreci
able amount of feed is brought in from other areas. 
Th ere is also more dairying in th ese two ar eas of 
Iowa, and barnyard manure is app lied r egularly 
ahea d of the c01;:i1 crop providin g an ava ilable source 
of n itrogen . However , soi l areas 2 and 3 had a higher 
percentage of farmers wh o fertilized corn than in 
western Iowa ( e.g., 81 per cent in area 3 compared 
with 48 percent in ar ea 8) . To some extent, the 
differ ence in the average r ate of application is a re
sult of the method of applicati on. 

It is a common practice in soil areas 2 and 3 to 
use a fer t ili zer attachment on a corn planter. In this 
case a relatively small amount of nitrogen is applied. 
F ew fa rm ers use th e fertili zer attachmcn t on the corn 
pl anter in western Iowa. H er e, the common method 
of application is to side-dress. In area 3 fa rmers 



T a bl e 5. FERTILIZER USE I N IOWA , BY PLANT NUTRIENTS ON L AND I N CROPS I N IOWA SOIL A R EAS, 19 53 . 

Average a m ounts applied pe r f e rti l ized acre on f a rn1 s u sing fertilizer 

Soi l a r ea 

State _______________ _ 

1 ------------------
2 ------------------
3 ------------------
4 ------------- - ----4a ________________ _ 

5 ------------------
6 ------------------
7 ------------------
8 ------------------

tSmall g r a in i s p rincipall y oa ts. 

Pounds nitrogen 
A ll Small 

crops Co rn g rain ! 

15 18 9 
14 18 10 
11 11 7 

8 8 4 
14 16 7 
34 46 7 
14 23 6 
25 39 8 
22 28 1 2 
19 27 13 

generally do not grow more than 1 year of corn fol
lowing the meadow crop ; thus, the current nitrogen 
level is expected to be relatively higher. Also, area 
3 is the principal dairy section of Iowa, and larger 
quantities and more r egular applications of manure 
could be expected. The r ate of nitrogen applied to 
land in small grain did not vary as mu ch among areas 
as did r ate of nitrogen applied on land in corn. The 
lowest rate of nitrogen applied per acre in small 
grain was found in soil area 3 ( 4 pounds) ; areas 7 
and 8 were the highest with 12 and 13 pounds of 
nitrogen applied per acre in small gr ain, r esp ectively. 

PHOSPHA TE 

The average amount of phosphate (P 2O5) used per 
fer tilized acre in Iowa was 27 pounds, or almost 
twice the rate of nitrogen application in 1953 (table 
5) . The average ra te of phosphate applied per fer
tilized acr e in corn in Iowa amounted to 21 pounds. 
The average quantity of phosphate applied per fer
t ilized acre was about the sa me in all areas except 
area G, which was low. Also, the rate of application 
of phosphate on land in corn per acre ferti lized was 
lowest in area 6. This r elatively low use of phosphate 
fer tilizer in a1·ea 6 is consistent with indication s from 
soil tests, experimental re, ponses to phosphates, and 
fertilizer r ecommendations made for the Marshall silt 
loam soils. Rates of phosphate application on land 
in small grain were approximately twice as high a:-; 
those for fer tili zed land in corn. The average amount 
of P 2O5 applied on land in small gra in was lowest in 
soil area 4a (29 pounds per acre ) and highest in 
area 3 (45 pounds per acre ) . Relatively heavy appli
cations of P 2O5 on land in small gra in ar e used pri
marily to secure a favorable r esponse from legumes or 
legume-grass mixtures used for pastures and planted 
with a small grain overseecling. 

Po·r ASH 

The average quantity of potash (K 2O) applied per 
ferti lized acre in Iowa in 1953 was 10 pounds. This 
rate was lower than either nitrogen or phosphate ap
plications (table 5). The average amount of potash 
applied on land in corn and small grain was 13 and 
5 pounds, respectively. 'l'he use of potash on all fer
tilized cropland varied considerably among soil areas. 
Relatively small amounts of pota sh were used in 

P o unds P,O5 Pounds potash 
A ll • Small A ll Small 

c.-o p s Corn g·ra in i• c rops Co rn g r a int 

27 21 39 10 13 5 
28 22 39 10 13 5 
26 23 39 18 20 1 5 
21 19 45 11 14 2 
27 20 42 8 9 4 
26 24 29 11 14 
32 22 43 1 0 20 1 
11 5 34 1 1 
25 18 43 
31 24 37 1 1 2 

western Iowa. The soil s in western Iowa generally 
have much more adequate supplies of available potas
sium; ther efor e, applications of potash are infrequent
ly needed at present. Potassium needs are gr eatest 
in the more poorly drained as well as the sanely soils 
of ar eas 2 and 3, particularly for land in corn. In 
the same areas (2 and 3) the establishment of legume 
seeding in the small grain depends on providing suf
fi cient available potassium ( as well as phosphorus) . 

'l'he average rate of potash applied per fertilized 
acre in area 2 was 18 pounds; 8 to 11 pounds were 
used in the remaining ar eas. The pattern of use of 
potash on land in corn is similar to its use for all 
crops. Use of pota sh on corn acreage in western Iowa 
(ar eas 6, 7 and 8 ) was low, with use in the other ar eas 
averaging 9 to 20 pounds of pota sh per fertilized acre. 

The use of potash on small grain is very limited 
except in soil ar ea 2. On tl10se farms where it is 
used, the lJl'imary purpose is for the establishment of 
the legume or legume-grass seeding. The average 
amount of potash used on land in small grain in area 
2 was 15 pounds per fertilized acre, and less than 5 
pounds per fer tilized acr e was applied in the other 
soil areas. The relatively low r ates of use and geo
graphical distribution as compared with nitrogen and 
phosphate correspond to soil fertility conditions and 
agronomic recommendations for Iowa . 

UsE OF H1LL OR Row F EwrruzER.1 2 

Starter fer tilizers, i.e., hill or row f rtilizer s, such 
as 4-16-0, 4-16-8, 4-16-12 or 4-16-16, ar e applied with 
a special corn planter attachment. This pr actice is 
followed to give the plant a vigorous start early in 
the season when the ava ilability of some plant nutri
ents may be low. Hill or row applications of 100-150 
pounds per acre of starter fertilizer often r esult in 
additional yields of 8 to 10 bushels of corn .13 

Fifty-four percent of all farmers using fertilizer 
applied starter fertilizer to their corn crop . One out 
of three farmers in Iowa used this method in 1953. 
Of the group fertil izing corn, 65 per cent used starter 
fertilizer. However , the relative use varied widely 
among soil areas. This practice is followed most wide
ly in northeast Iowa, where three-fourths of all farm
er s ( users a nd nonuser s ) fertilize some corn at plant-

"Commonly r e fe rred t o as "st a rte r" f e rtilize r b y Iowa f a rme r s. 
13Dume nil, L loyd, e t a l. How muc h ferti li zer fo r co rn "? I owa 

Farm Science . March 1953 . 
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Table 6. USE OF' STARTER F'ERTILIZER ON LAND IN CORN, 
l OvVA SOI L AREAS, 1953. 

No. of 
farn1ers 

Pounds per acre No. of using 
farn1er s s t a rte r P e rcent wh e r e applied 

So il area in sample fer tili zer u sing N p K 

1 1 21 45 37 8 20 13 
2 87 66 76 6 20 18 
3 37 27 73 5 1 8 14 
4 88 1 6 18 9 18 9 
4a 30 2 7 7 23 18 
5 44 9 20 14 24 22 
6 46 1 2 8 24 16 
7 37 2 5 15 21 
8 42 9 21 9 27 2 

S ta t e 532 177 33 7 20 14 

ing time, as compared with farmers in southern and 
southwest Iowa ( soil areas 4a, 5, 6 and 7 ) where only 
9 percent of the farmers out of a sample of 157 ap
plied starter fertilizer on land in corn ( table 6) . 

Use of hill or row fer tilizer in Iowa in] 953, in terms 
of p lant nutrients applied per acre, approximates the 
r ecommend ations by soil specialists in each of the nine 
soil areas. Of perhaps more significan ce is th e aver
age fer tilizer r atio used in each of the several areas. 
Areas 2 and 3 approach the grade r atio of 1-4-3 ( table 
6) . 'l'he common recommendations f0r these two 
areas are 1-4-4 and 1-4-2 ratios, while the general 
recommendation for starter fer tilizer in western Iowa 
is a 1-4-0 ratio. In soil area 8, where the potassium 
needs arc low, the ratio used is approximr"tely 1-3-0 
(table 6) . Apparently, farmers ar e following the 
r ecommended &tarter fer tilizer ratios more closely than 
recommended total rates per acre . · 

Approximately 20 percent of th e fertilized corn 
acreage received two or more fer tilizer applications. 
All methods of applica ti on were used- broadcasting, 
drilling, side-clressing and app lying with planter at
tachment . Straight nitrogen fer tili zer, in addition to 
that used in starter applications, was applied by 15 
percent of the farmers usin~ fertili zer. The average 
rate of applica tion was 39 pounds per acre. Th e great
est usage of straight nitrogen fert ilizer was foun d in 
southwestern and western I owa. 

FARM S i zE 1\ ND FERTILIZER UsE 

It was established earlier that the proportion of 
fertilizer users increased with farm size ( fig. 2 ) . An 
important question is the total quantities used per 
farm and per acre in relationship to farm size. Using 
average :figures for five size groups, there is evidence 
t hat the larger th e farms, the greater were the quan
tities of N, P 20 5 and K20 used (table 7 ) . The one 

exception is the nit rogen use per f cinn. Nitrogen use 
on farms with 79 acres or less was 60 percent greater 
than for the next size group of 80-139 acres, and 
sli ghtly large. than th e 140-189-acre size group. 

Considering the amount of fertilizer used per acre, 
the small-size farm group used twice as much nitrogen 
as the lar gest size group ( 36 and 18 pounds, respective
ly ) . 'l' he oth er size groups used 13, 11 and 14 pounds, 
respect ively, for size groups 80-139, 140-189 and 190-
259 acr es. Th e same pattern did not exist for phos
phate, however. The largest size group (260 acres or 
lar ger) applied 30 pom1ds per acre although this was 
not s ignificantly larger than the other size groups. 

Potash use did not vary greatly with farm size, al
thoug h the smalJes·t size group a.pplied 14 pounds per 
acre, with the other farm size groups averagin g from 
9 to 11 pounds ICO per acre. 

Additional evidence of intensity of use on the small
size farms is revealed in the per-acre expenditure for 
fertilizer ( table 7 ) . Considering the entire farm, the 
expenditure for fert ilizer per acre was more than 
twice as great for th e small-size group as for any other. 
At the same time, the per-acre expenditures were not 
significantly different for different size groups above 
80 acres . 

IMPROVED FERTILIZER PRAC'DCES 

Farmers were asked about improved practices. The 
statement was worded: "We are interested in finding 
ways in which fertilizer can be used to give maximum 
profit in your area.. Which, if any, of th e following 
uses do you consider as improved uses in your area 1'' 
Th e alternative improved uses and nature of response 
are presented in table 8. 

The use of ammonium nitrate as top-dressing on 
permanent and supplemental pasture grasses, was con
sidered an improved use by 56 percen t of the farmers 
questioned. Top-dressing oats to increase y ield and 
t op-dressing grasses for seed production were con
sidered improved practices by 51 percent and 41 per
cent, respectively. A large proportion of the farm
ers considered phosphate fer tilizer on corn (when soil 
t est is low ), legumes at seeding time, pastu re renova
tion and top-dressing legumes as improved practi ces 
-in their areas . 

FERTILIZER ADOPTJON JN RELATJON TO CROP ROTATION 

Commerc ial nitrogen may be u sed on many soils as 
a substitute for nitrogen produced by legumes on the 
farm. "\Vh en nitrogen ferti lizer s arc to be used for 
maintaining or increasing grain y ields, the farmer 
may find it profit able to change the over-all farm pro-

T able 7. RELATIONSHIP OF' F'E;RTILIZER USE T O SIZE OF' F'ARM, I OWA, 19 53 . 

Farrn size group 

79 acres or less ------------------
80 - 1 39 acres -------------- -- --
14 0 - 1 89 acres -- - --- --- - ---- ---
1 90 - 259 acr es ------------------
260 ac r es or greater -------------

12 

Pounds of plant nutrients u sed on 

N 

668 
40 2 
608 

1,069 
1,934 

P e r fa rm 

429 
829 

1,35 1 
1 732 
3: 111 

K,O 

269 
295 
527 
802 
969 

farms u s ing f e rtilize r 

36 
13 
11 
14 
1 8 

Per ac re 

2~ 
27 
25 
24 
30 

14 
. 1 0 

10 
11 

9 

F •ertilizer 
expe nd iture 

per acre 

$4 .20 
1.83 
1. 7 8 
1.74 
1.78 



T a bl e 8. FERTILIZE R USE PRACTI CES CONSIDERED BY FARMERS TO BE I MPROVED USES, IOWA, 19 53. 

T y pe of pract ice 

F ertiJizing w ith a nirnoniun1 nitra te as : 
T op-dress ing g rasses fo r seed p r od u c ti on 
T op-d ress ing "·heat ear ly in sprin g t o in

c rease y ie ld a nd in1 prove pro tein content 
T op-d r ess ing· oa.ts t o inc rease y ie ld ______ _ _ 
T op-dress ing perman ent and s uppl e -

m enta l pas ture g r asses ____ __ __ ____ ___ _ 

F e rti li zi n g w ith phosp ha te fer tili ze r s fo r: 
L egumes a t seedin g time ___ _ __ ______ _ __ _ 
T op -d r essing legumes ----- ~---- - - --------
Pasture r e n ovatio n ______ ___ ___ ____ _____ _ 
Co rn (when soil test is low) __ ____ ____ __ _ 

•Less tha n 0. 5 pe r cent. 

Con s ide r ed an 
i111proved 

use 
N u111be r P e r ce n t 

150 41 

36 10 
186 51 

206 56 

236 65 
19 7 54 
203 56 
252 69 

No t con s idere d 
a n in1pro vecl 

use 
N un1be r P e r c ent 

40 11 

7 2 
97 27 

75 21 

82 22 
95 26 
76 21 
58 16 

Do n o t know Inapplica ble 
N un1be r P e r cent N umber Percent 

81 22 94 26 

53 14 269 74 
81 22 1 • 
77 21 7 2 

45 1 2 2 1 
71 19 2 1 
78 21 8 2 
52 14 3 1 

T able 9. FARMERS REP ORTING ON CHANGES IN CROP ROTATI ON WHEN A DOP TING THE USE OF COMMERCIAL 
N ITROGEN FER TILIZER ON CORN LAND, IOvVA, 1953. 

S ho ul d use d iffe r ent 
N un1be r P e r cent 

L ease a rra ngen1ent n o n o 

Owne r-o pe ra tor ------------------- 49 32 
P a rt ow ne r-opera tor --------------- 21 43 
R e nte r , c r o p-s h a r e ------ - --------- 24 32 
R ente r , lives tock -s hare -------- - --- 28 45 
Cash a n d oth e r ____________________ 9 36 
Tota l ------ ------ - ----------------- 1 31 36 

duction p lan . Since legumes are a source of livestock 
feed as well as of nitrogen and organic matter, the 
number of forage-cons uming livestock affects the 
profitability of using commercial or homegrown nitro
gen. 

As suggested by the data, t he exten t to which farm
ers ' thinking has become oriented to the possibilities 
of changing their farm plans when using commercial 
fert ilizers is presented below. To get some informa
tion on this aspect of fertil izer use in th e over-all 
farm plan, the following question was asked of the 
farmers using fertilizer : " Do you think you should 
use a different r otation when you use commer cial ni
trogen on land in corn as compared with using no 
nitrogen ~" Thirty-six percent of the farmers an
swered " no " while 42 percent answer ed "yes" ( table 
9) . The r emaining 22 percent answered " don't 
know. " vVhen compar ed with livestock-share renters, 
a somewhat larger percent of th e crop-share and cash
r ent farm operators indi ca ted that a chan ge in rota
tion should accompany th e use of commercially pro
duced nitrogen fert ili zer . 

These findings indicate that many farmers arc 
aware of the economic opportunities for changing ro
tations ·when commercial nitrogen fer tilizer is used 
on land in corn. There is a sli ghtly gr eater tendency 
for farm oper ators with less livestock to favor this 
type of change. An appreciabl e segment of farm 
operators (22 prr cent ) apparently do not have 
enough information to arrive at a decision on this 
subj ect . 

Greatest uncertainty was expressed by the owner
operator group; 32 percent did not know whether 
they should use different rotations when using com
mercial nitrogen on their corn acreage, and another 
32 percent indi cated that nitrogen could not substi-

r otation s ,vhen using comme rc ia l nitrogen on la n d in corn 
N umbe r Per cent D o n o t P e rcent do 

yes yes kno w not kn ow Total 

55 06 50 32 1 54 
24 4 9 4 8 49 
42 56 9 12 75 
20 32 14 23 62 
14 56 2 8 25 

1 55 42 79 22 365 

tute for the legume in the rotation. Own er -operators 
may feel that they have their cropland in such a state 
of fertility that a variation of their presen t cropping 
plan may result in crop decreases. Also, their r eplies 
may not have been made with r espect to the substi
tution question per se but they may have thought 
that forage as a feed for livestock might yield greater 
economic r eturns. Owner-operators may view any 
change from the present production p lan, when un
certainty exists, as a capital risk. Ther efore , t hey 
are inclined to follow a ' ' wait and see'' pattern. 
The crop-share and cash r enters face no such risks 
and, hence, may r eact mor e favorably to the suggestion 
of changing their rotation s when using commercial 
nitrogen on corn land. 

Pnvs1c,\L L1l\1JTA'l'IONS rn l ;sE 

The amount of fertilizer a farmer uses may, to some 
extent, depend on the convenience and ease of use. 
Ease of use becomes especially impor tant if the fer 
tilizer is applied when ther e are other important 
needs for labor. For example, if a farmer has a 
limited tim e to plant hi s corn, delay associated with 
the difficulties, in ferti lizin g with a planter attach
ment may, in his mind, be costly in terms of r educed 
crop yield because of untimeliness in p lanting. Ex
periences and preferences in using· fertilizer are pre
sented below, i.e., the kinds of difficulties and the 
farmers' estimates of additional value of granulated 
as compared with ungranulated ferti lizer. 

Thirty-seven percent of the farmers, using fertilizer 
reported difficulties in spreading commercial fer tiliz
er. Of the difficulties reported , 66 per cent were re
lated to lumpiness, sti ckiness and consequent clogging 
of th e fert ilizer spreader , 16 percent were related to 
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Ta bie 1 0. PREi\IHJM T HAT FARi\IE RS U SING F E RTILIZER 
I N DICATED GR ANUL AR F E RTILIZE R IS WORTH OVER 

REG U L AR FERTILIZE R PER TON , IOWA, 1953. 

Amount g r a nula r is wor th 
over r egul a r fe rtirize r 

(doll a r s) 

Ina pplicabl e 
N o r e po rt 

0. 00 
1.00 
2.00 
3.00 
4. 00 
5.00 
6. 00 
7.00 
8.00 

1 0.00 
12. 00 
15.00 

T otal 

No. of 
farm ers u sing 

f e rtil ize 1· 

150 
37 
23 
1 2 
56 
28 
15 
24 

1 
2 
3 

11 
2 
1 

365 

P e rce nt 
o f those 

r e po rting 

13 
7 

31 
16 

13 
1 
1 
2 
6 
1 
1 

Tabl e 11. SIZE OF Fl'::RTILIZER CON T A I N ER PREFERRED 
R Y F AR MERS USI NG FERTILIZER, IO'vVA, 19 53 . 

Conta ine r b ag 
N umbe r of 

fa rmers 

No r e port ---- ------------------ 24 
B ulk -------------------------- 1 2 
80-pound bag __________________ 288 
100-po und ba1, ----------------·-- 1 0 
50-po un cl bag __________________ 27 
Bulk for oats; 80- pouncl fo r o t her s 1 
N o prefer e nce __________________ 3 

T ot a l ______________________ 365 

*Less tha n 0. 5 pe rce nt. 

P e rcent of 
fa rn1ers 

7 
3 

79 
3 
7 . 
] 

10 0 

degree of granulati on ( too fi ne or powdery ), and ] 8 
per cent were miscellan eous r e:i sons. 

F armers who u ed fertilizer estima ted th e addition
al amount of monc~- th ey ,rould pay for better granu
lated fertilizer to help OYercome some of th ese diff i
culties. These estimates of the additional value of 
granulated o,·er un granu lated fer tilizer arc presented 
in tabl e 10. Th e most common premium of gnrnnl ar 
fertilizer over r egulal' fer tilizer given by fa rmers was 
$2 per ton. '11he average of the premium wa s $3 .30 ; 
however , 13 per cent of the fa rmers answering 1l1is 
question indicated that th ey would p ay no more fo r 
a well-granulated fertilizer. 

C ON'l'ATKER PRE F E REKCE 

The majori ty of fa rmers (79 percent ) using f r
tilizer preferred to handle fertili zer in SO-pound bags 

( table 11 ) . Bulk fertilizer was preferred third, r ela
tive to 80- and 50-pound ba gs. 

'l'he knowledge of the availability of commer cial or 
bulk spreading services, by soil area s and for farm
ers using fertilizer , is presented in table 12. The im
portance of bulk spreading services has increased r e
cently for superphosphates, mixed fertilizer and 
nitrogenous fertilizers ( particularly anhydrou am
monia ) . Purchasing· the services in the form of bulk 
spreading is a, convenience and an ec011 omy for many 
far mers operating small-size farms or lar ge-size farms 
with limited capital and labor resources. 

F .\R M S TORA GE OF FERTILIZE R 

F ertilizer is bought and used primarily in the 
spring. The season al pattern of fertili zer use results 
in many discconornies in production and marketing. 
F ertilizer dealer s, by offering seasonal price discounts, 
may attempt to induce farmers to purchase fertilizer 
in th e " off-season " and store it on the farm until 
used. F ol.'ty-four per cent of the farmers using fer
tilizc1· stored par t of it on th e farm for th e 1953 crop 
season. The greatest proportion of fa rmer con
sider ed the storin g qualities of the fertilizer as good 
(fig . 6) . 

The farmer investi ga ting the profitability of stor
in g needs to consider (a ) th e r etail supply of fertil
izer at th e time of application and , hence, th e pos. ibl c 
loss resulting from short supply, ( b) tl1 c co. t of 
storing ferti lize1· on th e fa rm, (c) seasonal cliffe1·
en ces in pri ce pcl.' ton o:f :fertilize r an d ( cl ) r eturn s on 
altern ative investment: Ol' interest which mi ght be 
ear ned on the funds i f n ot invested in sto1·ed fe rtili z
er. The saving from buyin g fc1tilizcr at 1·ednced 
prices in the off-season must be balan ced against 
po sibl e loss in quali ty; but more important is the 
possibl e altcm ati vc opportunity cost of the money in
vested in fertili zer durin g the storage period. Tn the 
case of a farm er with nough capital so th <.1 t his in
vestment in fer tili zer storage i-eturns only 3 to 4 
percent interest, tl1 e opp01·tunity cost is not large. 
However , a. farmer who ]1as little capital may be fore
goin g appreciab le r eturns (from use of capital in 
other en terprise ) hy buying and storing fe rtili zer 
in an off-season. 

Th e proportion of farmers storing fertil izcr in 
relll t ion to th e arnonnt of owned capital is presented 
in fig. 7. In gener al, the per centage of farm ers stor-

T a bl e 1 2. KNOWL E D GE OF AVXILAB TLITY OF COi\IMl'::R CI A L FERTILIZER SPR EADING S ERY I CE I N L OCALITY A?\IONG 
FARi\lE!R S USING FERTILIZER, IOvVA, 1953. 

F e rtilize r s pread ing se r v ice 
T o ta l numbe r 

No f e rti lize r P a rmers of fa rme r s 
ava il a b le in locality s prea din g e r- n ot in s a mple u s ing 

Area N umbe r P e rcent v ice in l ocality a nsw erin g f e rtilizer 

1 54 62 21) 13 7 
2 50 65 l 0 17 7 7 
3 1 2 39 9 10 31 
4 26 58 9 1 0 45 
4a 6 30 6 8 20 
5 9 34 13 5 27 
6 21 84 4 0 25 
7 16 73 3 3 22 
8 21 68 8 2 31 

Tota l 215 59 82 68 365 
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REPORTS ON KEEPING 
QUALITY BY FARMERS FARMERS REPORTING 

Percent 

33 

53 

Fig . 6. K eeping qua lities of farm- s tored f e rtilizer obse rved by 
f a rmer s u s ing fe rti lize r, Iowa , 195 3. 

70-

50-

f-
z 30 
lJJ u 
a: 
~ 20 

10 

O Under 
5,000 

~ Farmers s1oring fertilizer 

~ Farmers r.ot storing fertilizer 

5,000- 10 ,000- 15,000- 30,000- 50,000 
9,999 14,999 29,999 49,999 S. over 

OWNED CAPITAL (DOLLARS) 

F ig . 7. Dis tribution of farme rs u sing a nd storin g f e rtilize r by 
owned capita l position, Iowa, 19 53. 

ing the fer tilizer ine1·eases as the amount of owned 
capital increases. The availability of capital is no 
doubt one 1·ea on for this in crease. Tenant-operators 
tend to have less owned capital than owner-operators. 
Uncer tainty of tenure may limit farm storage of fer
tilizer since the tenant ma y move from the farm be
fore the next crop season. 

Th e la1·ge proportion of farmers who do not store 
fertilizer on the farm (196, or 53 percent) provides 
a. great potential for off-season purchase and storage 
(fig. 6) . Dealers may need to make more cr edit avail
able to farmers and perhaps larger seasonal dis
counts if they wish to increase fcr til izer storage on 
farms. 

RELATIONSHIPS BErrwEEN TENURE 

AND EXTENT OF FRRTILIZER USE 

The use of fert ilizer varies from nonuse to high levels 

of use on farms in a given locality. Variation in fer
tilizer use has been associated with certain economic 
and noneconomic status factors .14 The relationships 
betw en status fac~ors (associated with tenure and 
fe1ti lizer use, such as operator's capi tal position) and 
the effect of risk and uncertainty ( with respect to 
le11 gth of tenure and ability to acquire capital ) are 
presented in this section . 

ExTENT OF FER'l'H,IZE ti ExPENDI'fURES 
CoNSIDEREo l\fosT PROFITABLE 

Owners and part owner-opci·ators spent aP'])roxi
mately the same amount of money for fertilizer in 
1953 as tenant-operators- $343 and $321, respective
ly ( table 13 ) . As, indi cated previously, tenant farms 
averaged larger in size than owner-operated farms. 
Ow11ers and part owner-operators spent an average 
of $1.87 per acre for fertili zer, tenants spent only 
$1.58. Tenants considered $534 for the farm ($2.63 
per acre) as the average fer tilizer expenditure neces
sary for maximum profits as compared with an aver
age of $434 for the farm ($2.37 per acre ) by owners 
m1d part owner-operators. 

Th e difference between actual and estimated most 
profitable expenditure for fertilizer amounted to $212 
for tenant-operators and $91 for the owner group. 
The est imated most profitable expenditure may have 
been greater for tenant-operators because this group, 
on the average, was using less fertilizer per acre and 
operated larger farm units. Also, present soil-deplet
ing crop rotations prevalent on many tenant-operated 
fa l'ms should r esult in r latively greater response to 
fer tilizer use. 1 5 These factor . may partially explain 
why tenant-operators estimate a gr eater optimum fer
tilizet expenditure than owner-operators. Certain as
pects of uncertainty and cost-sharing provisions r e
lated to tenancy may limit fertilizer expenditures be
low the most profi.ta ble level- e.g., tenants,' shorter 
capital position and their r elatively greater difficulty 
in obtaining credit for fertilizer purchases. 

Jn gener al, lack of capital was the reason most 
often given as holdin g fert ilizer expenditures below 
the level considered most profitable (fig. 8). Many 
fa rm ers disclosed that there was a lack of informa-

H Cf. , W' ilkenin g , Eugene A. A cceptance of improved fa rm 
prnctices in three coast a l p la in cou nties. 1 . C. A g r. Exp. S ta. 
Tech . Bu i. 98. M a y 1 95 2 ; a nd D imit, Robert M . Diffusion a nd 
a d o pt ion of a pproved fa rm practices in 11 counties in southwest 
Yirg ini a . n publi s hed Ph.D. thes is , I ow a S tate Coll ege Library, 
A m es. Iowa. 1954 . 

10H ead y . Ear l 0. a nd J ensen , H a r a ld R. Th e econ omics o f c rop 
rota tions. Iowa Agr. Exp. Sta . R s . Bu i. 383. 1 95 1. p. 456, table 8. 

T a b le B. EXPENDITURES AND ESTI MATED MOST PROFITABLE EXPENDITU RES FOR FERTILIZER UNDEU VARI OUS 
T ENU RE SITUATIONS, I OWA, 19 53. 

T e nure 

Doll a r s 
s pe nt on 
f e rti li zer 

in 1953 

Owne r- o pe r a tors l __________ _ 
P a rt o wne ,·-operators J ___________ $343 
A ll te na nt-ope r ators ______ ___ ______ 321 

T e nants (re la t ed) __________ _______ 314 
T e na nts ( n onre la t ecl) _____________ 327 

E s timat cl a mount 
cou ld s pen d 
pro fitab ly on 

fe rti lize r in 1 953 

$434 
534 

59 
48 8 

Dollar. wo ul d 
have s pent 

fo r f e rtilize r 
i r own ed f a n11 

$453 

447 
457 

Add ition a l dolla rs 
of fertilize r if 

land lord would 
sh are cos t 

$164 

185 
155 
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REASONS FOR NOT USING 
MOST PROFITABLE AMOUNT 
OF FERTILIZER PERCENT OF FARMERS LISTING REASON S 

Miscel laneous end not 
opplicoble 

Coud not afford more 

Just experimenting 

Used amount landlord 
approved 

Never hove used, sc do 
not know 

Too much work 

Prefers o use manure or 
greerl manure instead 

Ferti lizer unovai loble 

I I 

I I 

23 

34 

F ig. 8. Far mers' reaso n s fo r not us ing estimated most pro fi t -
able amo unt of f e r tili zer, Iowa, 1 953. 

tion about crop r esponse and profi tability of fer til izer 
use. For example, 20 percent of the farmers· r e
sponded that th ey " used thi s amount because I was 
just experimenting" or " never used th at amount so 
do not know.'' Eleven per cen t of the farmers in the 
sample indicated th at they followed the decision-mak
ing policy of th e landlord by applying the amount of 
fer tilizer appr oved by him. 

E S'l 'I MATE D FERTILI ZER EXPEN DITU RES 

IF T ENANT O W NED F ARM 

By achieving farm ownership , tenan t-operator .· may 
r emove some of the limitations resulting from un cer
tainty and fer tilizer cost-sharing methods. The aver
age amount of fertili zer expenditure te11ant -operators 
indicated that they would have made for fertilizer in 
1953, if th ey had o_wned the fa rm, was $453 (table 
13). This estimated expenditure amounted t o $132 

more than they actually spent. H owever , i t was $81 
less than their estimated most profitable level of fer
tilizer expenditure. These data indicate th at tenure 
is r elated, at"least in the ten ant's mind, to t he fertil iz
er expenditure as if tenure restrictions were not ap
plicable. Lack of capital was, t he second most impor
tan t reason cited for not using estimated amounts of 
fer tilizer if the tenant owned the fa rm he operated in 
1953. .Anoth er reason for not using larger amounts 
of fer tilizer was that the tenant did not plan to r e
main long on the fa rm he was then operating ( table 
14 ) . 

A DDITIONAL F E RTILIZER EXPENDITU RE 

IF L ANDLORD S H ARES COST S 

The possible effect of har ing costs and returns 
on the fer tilizer intensity level consi dered most profit
able to a tenant -oper ator is illustrated in the examp le 
presented in table 15.1 6 F ive rates of fer til izer appli
cation on corn are presented in column 1, whi le the 
amount added from one application level to the next 
is presented in column 2. The cost of t he added fer 
t ilizer at 10 cents per pound is shown in column 3. 
Total yield of corn for each level of f r ti lizer app lica
tion is presented in column 5, and the amount of corn 
added to total y ield by an additional incr ement of 
fertilizer is shown in column 6. F or example, the first 
20 pounds of fer tilizer added 8 bushels to total y ield ; 
the second 20 pounds, 6 bushels; and t he f ifth incre
ment of fertili zer , only 1 bushel. The value of the 
added corn yield in dica ted in column 6 is p1·esented 
in column 7. Columns 8 and 9 indicate tb e value of 
the added yield to an owner-operator and t o a tenant 
who pays a ren t equal to half of the corn yield . 

10Aclap te d fro m H eady, Earl 0 . a n d K e hrb c rg, E a r l , ~, . R e 
la ti on s h ip of cr op- s hare a n d cash leasing sys te m s to f a r m ing 
e ffic ie ncy. Iowa Ag r . Exp. S t a. R es. B ui. 386. 1952. pp, 659 - 660. 

T ab le 14. T ENANT-OPERAT ORS' REASONS FOR NOT USI NG EST IMAT ED A:\I OUNT S OF FERTI LIZER T HEY WOULD HAVE 
USED IF T HEY OW NED THE FARMS T HEY W ERE OPERATING, I O\VA, 1 953. 

F a r ms w he r e la n d lo rd 
shared cost s 

N umbe r of 
Reaso n fa rme rs 

1. Coul d n ot a ffo rd m or e ---------------------------------- 5 
2. Used a m oun t la n d lo r d ap pi-ove d -------------------- ------ 11 
3. R e nte r does not p la n to stay ---------------------------- 2 
4 . Just expe ri m e n t ing ---------------- - --- - ---------------- 1 
5. n availa b le ---------- - --------------------------------- 0 
6. I r r e levan t __ _______ _ ------- - ----------------------------- •I 
7. No r espo nse --------------- ----------------------------- 15 

T o ta l ______ ___ .. ----------··- - ----------------- ,__ 38 

P e rce n t 

13 
29 

5 
3 
0 

1 0 
40 

100 

F a r ms w h e r e la n d lord 
cl id n o t s h a ,,e costs 

N u mbe r of 
fa rn1e rs 

1 8 
35 

8 
11 

3 
0 

1 2 
87 

P e rcent 

21 
40 

9 
13 

3 
0 

14 
1 00 

T able 1 5. EFFECT OF RENTAL ARRANGEMENT S ON T ENANT PROFITS AND ON INTENSITY OF FERT ILI ZER USE ON 
LAND I N CORN ( H YPOTHETICAL DAT A). 

Adde d Cos t of added f e rtili zer V a lu e of Value added for: 
Poun ds pounds a t 10 cents poun d T o t a l Adde d co rn a dded Hal f-

f erti lize r f e ,·ti- T o t a l Half y ie ld of y ie ld f ro1n a t $1.1 0 Owne r- s ha re 
applied l iz e r cos t of cost co rn (bu .) fer tili zer ( bu .) bu s he l ope ra t or ten a nt 

(1) ( 2) (3) (4) (5) (6) (7) ( ) (9) 

0 0 $0 .00 $0.00 50 0 $0.00 $0.00 $0 .00 
20 20 2.00 1.00 58 8.80 8 .8 0 4.40 
40 20 2.00 1. 00 64 6 6.60 6.60 3.30 
80 20 2.00 1. 00 68 4 4.40 4.4 0 2.20 

1 00 20 2.00 1. 00 70 2 2.20 2.20 1.1 0 
120 20 2.00 1.00 71 1 1.10 1.10 0.55 
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T a ble 16. RELA TION OF COST SH ARI NG T O F ERTILIZE R EXPENDITU RES BY T ENANT-OPE RAT ORS, IOWA, 1953 . 

L a nd lo rd s h a r ed cos ts ___________________ ____ _ 

L a ndl ord d id n o t s h a re cos ts _______ __ ______ _ 

Diffe r e nce _________________________________ _ 

D oll a r s w o ul d have 
s pe nt if owned 

f a rm in 19 53 

543 

308 

235 

D olla r s ac tua ll y 
s pent fo r fe rti

li :i,e r in l 953 

409 

27 1 

1 38 

Diffe re nce 
( d oll a r s) 

134 

37 

97 

T a bl e 17. RELATION OF T E N U R E T O POSSIB LE U SE O F M OR E F ERTILIZER IF CAPITAL "W ERE A V A ILA BLE, IOW"A, 
1953 . t 

w ·oul d use n1 o re fe rtilize r W o ul d n o t use n1ore f e rtilize r 
N umber if h a d 111ore capita l if h a d m or e capita l 

f a rn1er s N u1nbe r o f Percent o f N umbe r of P e rce nt o f 
Tenure in sample f a rrner s fa rrner s f a rm ers f a rme r s 

Owner- opera tors l 297 1 26 4 2 l 54 52 Pa rt owne r-o pe ra to rs f - - ----
A ll t e n a nt-ope r a tors ---------- 235 12G 54 105 45 

T e n a nts (re la ted ) ------------ 138 73 53 62 45 
T e n a nts ( n onre la ted ) -------- 97 53 55 43 44 

t The d iffe r e nce be tween to t a ls a ncl 1 00 pe rcent is accounted f or by f a rme r s n o t reporting on th e q ues tio n. 

It is profitable for an owner-operator, provided he 
has sufficient capital, to add the fourth 20-pound in
crement of fertilizer (apply 100 pounds in total ), since 
th e added cost ($2 in column 3) of the fourth fertiliz
er increment is less than th e added r eturn ($2.20 in 
column 8 ) from the additional increment of yield 
(2 bushels in column 6) . The fifth i11crement of f er
tilizer is not profitable, since the added 20 pounds 
cost $2 ( column 3) but add only $1.10 ( column 8) to 
r eturns. 

A different situation exists for the tenant who pay 
a half share rent but purchase · all of the fertilizer . 
Under this arrangement, his added r eturn is indicated 
in column 9, and his added cost is indicated in column 
3. In this ca e, it is profitable for him to add only 
th e third increment of fertilizer. The fourth incre
ment is not profitable since its cost is $2 ( column 3) , 
and the return is $1.10 ( column 9) . Thus, the share
r ent tenant ·would use less fertilizer per acr e than the 
owner -operator in maximizing profits. 

The data presented in table 16 were obtained to de
termine to what extent the non sharing of fertilizer 
costs by landlords reduced f ertilizer use. These data 
indicate that, where the landlord shared the cost, th e 
amount spent on fertilizer was $138 more per farm 
than wh ere the costs were not shared. Evidently, 
tenant manager s grasp the essence of the logic pre
sented previously-i.e., th e r esponse for small in cr e
ments of fertilizer , particu lal'l y on rented farms wh ere 
a heavy row-crop program is followed, is sufficient 
to enable the tenant to make a profit even if the 
landlord r eceives a share of the crop but does not pay 
any of th e fertilizer cost. 

H owever , for heavier rates of fertili zation , added 
investment in this practi ce may not be profitable for 
the tenant-even though it is profitable for th e owner 
or the share tenant on a farm where th e landlord pays 
part of the cost of fertilizer. A significantly greater 
proportion of tenants u ·ed fertili zer on farms wh ere 
cost were shared as compared with farms where 

co t s were not shared ( table 14) . Also the relative 
difference in fertilizer expenditures is greater on a 
per-acre than on a per-farm basis, with the expendi
ture outlay being greatest on farms where fertilizer 
costs are shared. 

'l'enant-opcrators indicated they would be willing 
to spend more for fertilizer if the landlord would 
share costs in the same proportions as crops are 
shared. The average additional expenditure ($164 ) 
gives some evidence that farm renters consider that 
not sharing costs in the same proportion as return s 
limits the amount of money they could spend profit
ably for fertilizer ( table 13 ) . The average actual 
expenditures for fertilizer and the average amount 
the tenant said he would have spent if he owned th e 
fa rm are presented in table 16. Where the landlord 
did not share fertil izer costs, th e level of use was lower 
than where costs were shared. 

ExTEN T OF E STTl\!IATE D FERTILIZER U SE 

It? C APl 'l'.\L Is NOT LIMITE D 

l\Iany farm ers were not using ferti lizer at the level 
that they considered to be most profitabl e ( table 13 ) . 
Capital limitation s as an obstacle to fertili zer use 
were indi cated by 54 percent of the r enter s as com
pared with 42 per cent of the owners and part owner 
operators, ( table 17 ) . Some farmers indicated tha t 
they would not use more fertilizer if additional funds 
were avai lable. This group may have had enough 
fonds to use the amount of f erti li zer they considered 
optimum, but considered alternative uses for these 
funds more profitable than usin g them for fertilizer. 
Th at a gr eater pe1·centage of tenant farmers were 
r estricted by capital is indicative of a greater capital 
shortage among th em th an amon g own er-operators. 

A VAIL.\BILl'l'Y OF .A DDI'l'TON AL ]? N DS 

Most of the farmers indicated that additional capi-

17 



T a bl e 18. AVAILABILITY AND USE OF LOAN CAPITAL FOR FERTILIZER, BY T YPE OF TENURE, IO'\VA, 1953.t 

I s it possible t o borro,v funcls D iel you borro,v funcls N un,be r 
farn1ers for f e rtilizer u se? for ferti li zer? 

T enure in sample No Percent Y es Perce n1! No Per cent Yes Per cent 

Owne r-operators ( ------ 29 7 1 8 G 24 1 81 277 93 11 4 
P a rt o,v n e r-oper a t ors s ------
All t e n a nt-opera to r s __________ 235 Hi 7 1 86 79 215 92 1 5 6 

Tena nts (relate d ) ------------ 138 9 6 109 79 1 24 90 10 7 
T e n a nts ( n o n r e la t e d ) -------- 97 7 7 77 79 91 94 5 5 

t The d iffe r e n ce b e t\,·een the t o t a l of the " n o" a nd "yes" columns a nd 1 00 pe rcent i s accounte d for by farmer s n o t r e p orting on 
the qu es ti on . 

T a bl e 19. RELATIONSHIP BETWEEN LEYEL OF RISK AND BORROWING OF A DDITIONAL FUNDS FOR FERTILIZER, 
BY TENURE GROUP , IOWA, 19 53.t 

N umbe r 
farm e r s 

in sample 

,~ro uld use more f e rtilize r if coul d b orrow 
w ith out added security lV[o ney w illing to borrow for fertilizer 

w ith r epayrn ent sche dule Tenure No P e rcent Yes P e rcent 

Owner-operators ( ------ 297 Part owne r- ope ra tors s ------
All t enant-ope ra t ors ---------- 235 

T e n a nts (related ) ------------ 1 38 
Te nants ( non r e la t ed) --------- 97 

221 74 

158 67 

87 . 63 
71 73 

57 

68 

45 
23 

19 

29 

33 
24 

$17 2 

204 

201 
208 

t The d iffe r e n ce b e tween the total of the " n o" a nd "yes" column s a ncl 100 p er cent is accounte d f or by farmers not reporting on 
th e ques ti on. 

tal could be borrowed for increased fertilizer use. 
Eighty-one percent of the owner and part owner-op
erator group and 79 percent of the tenant-operators in
dicated they could borrow funds specifically for fer
tilizer use. Owners might be expected to have less 
trouble borrowing money than tenants, but the basic 
data for table 18 do not indicate a significant differ
ence. 

Even though most farmers indicated they could 
borrow funds for fertilizer, only 4 percent did borrow 
funds for fertilizer. The small number borrowing for 
fertilizer may be partly explained as follows : Farm
ers may purchase fertilizer from their own funds and 
borrow funds for general operating expense with 
livestock or other asset as security. It is doubtful 
if 80 percent of the farmers could actually borrow 
for fertilizer even though they stated that they 
thought they could. 

There is still a disparity between ( 1) actual spend
ing and (2) expe11C1iture considered most pi-ofitable 
by the farmers. It is not explained by the borrow
ing activities expressed above. Some farmers do not 
consider it proper to bonow for production. Others 
may not -want to take the risk involved in borrowing 
an added $100 to $500 for fert ilizer even though it is 
a prospectively profitable investment. 

RELATIO NSHIP B E 'l'WEEN L E YEL OF RISK AND 

USE OF ADDITIONAL F UNDS FOR FERTI LIZER 

On the basis of data presented earlier, it seems that 
a more efficient use of fertilizer might be obtained if 
risks involved in borrowing money for fertilizer were 
r educed. Risk in using borrowed money for fer tilizer 
may be reduced in several ways. While these methods 
are not analyzed in this study, the data in table 19 

indicate that 25 percent of the farmers interviewed 
would use more fertilizer if they could do so ·without 
mortgaging other assets and could have a r epayment 
schedule corresponding to r eturns from fertilizer. 

Nineteen percent of the owners and part owner
operators indicated they would use more fertilizer if 
they could borrow without added security as com
pared with 29 percent in the r enter group ( table 19 ) . 
The number of farmers (20 to 30 percent ) in¢1.icating 
that they would borrow under these conditions illus
trate self-rationing of capital. Self-rationing of capi
tal occurs when a farmer voluntarily limits his bor
rowing to an amount less than loan firms woulrl be 
willing to provide . 

B01mmv1NG Wrrn A LOA N REPAYIVIENT SCHEDULE 

To investigate the possible effects of a repayment 
schedule on fertilizer u se, farmers were asked how 
much money they would have been willing to borrow 
for f ertilizer in 1953 if the r epayment schedule wer e 
to correspond with the expected rate of returns; that 
is, a pa?ment schedul e whi ch assumes all r eturns from 
nitrogen is in the fir st year and the return from phos
pl1ate on grass and legume seeding is one-third at the 
end of the first year , one-half at the end of the second 
year and the remainder at the end of the third year1 
'rhis method allows pa yment to be made as returns 
from ferti li zer inputs are obtained. The effect would 
be to reduce the risk involved in borrowing money for 
fer tilizer. 17 

17Thi s r e payment sch ed ul e m ay n o t b e muc h a id to t e n a n ts, 
h owever, s ince n1any may no t p la n mo re th a n 1 year in advance, 
becau se of the poss ibility of n o t b e ing on th e farm th e n ex t 
year. rrhu s, unl ess th ere ,·vere some arra ng·ernents for the pay
m e n ts to be t a ke n ove r by th e la ndl o r d o r th e next t e n a nt, th e 
s itu a tion may n o t b e m uch improved . The a m ount to b e borrowed 
un cle r r epay ment scheclu le for t e na nts ave r aged $20 4, w hil e th e 



F UNCTIONAL RELATIONSHIPS OF V ,\RIABLES 

RELATED TO FERTILIZER USE 

PreYious sections haYc dealt mainly with the char
acteri ti cs of fertilizer users, the pattern of fer tili zer 
use and some fairly discrete attributes related to fer
tilizer use. The sec tions which follow represent an 
attempt to make quantitative predictions of the r e
lationship of the quantity of fertilizer used and se
lected var.iables which appear important in the farm
er 's decision-making environment. It is quite obvious 
that not all of the factors or variables related to fer
tilizer use can be quantified or measured. The vari
ance in fertilizer use unexplained by the variables 
descri bed below must be attributed to other factors 
such as custom, inert ia, economic uncertainty, lack 
of technical education and the like. 

In tl1e following analysis, regression equations have 
been dc1·ived to estimate the quantitative relation hips 
between fer tilizer use and selected variables. For the 
reg1·ession analysis, it was not pos ·ible to quantify 
such variables as type of soil, type of lease, climate 
and simi lar aspects of the farm envi ronment. The 
initial variabl es considered in the regression analyses 
included working capi tal, equity, anticipated yield 
r esponse from fertilizer, fertilizer used in the previous 
year, anticipated product price, uncertainty about 
expectations and size of farm. Some of these vari
ables were later omitted from the analysis because they 
could not be measured with sufficient accuracy or 
over a sufficient range. Only the three northern soil 
areas ( 1, 2 and 8 ) were selected for this particular 
analysis. 1 8 This r estriction was used as an attempt 
to obtain a more homogeneous popul ation with r espect 
to the va riables held constant (e.g., soil, climate, etc.) . 

Some additional vnriablcs were included in a pre
liminary 1·egression analysis. Where their t values1 9 

were less th an the magnitudes accep tnble at a 30-pcr
cent probability lcYel ( th e level arbitrarily selected as 
appropriate for data of the nature included in this 
study ) , th ey were omitted from the analysis. Statist
ics related to these variables are p1·escn ted in Appen
dix D. 

SeYcral regression estimates were completed. Th ese 
include p1:edictions of: ( 1 ) total fertilizer use for 
both owner-operated and tenant-operated farms, (2 ) 
nitrogen used on corn for both owner-operated and 
ten ant-operated farms, (3) tl1 e cliffc1·e11ce between 
actual use of ferti lizer and the quantity of fertilizer 
estimated by farmer.· to be most profitable for both 
types of tenure, ( 4 ) the proportion of $1,000 addi
tiornil capital used for fertilizer under both types of 
tenure, (G) ?ield variability or un cer tainty in rela-

( footnote 17, continued) 
ow n er s a nd p a rt own er-oper a tors aYeraged $17 2 ( t abl e 19 ) . Si nce 
the a , ·e r age a m ount to b borrowed b y the t en a nts was l a r ger 
th a n th e a n1ount to be borrowe d by o,,·ne r-ope ra tors , th e un
certainty of t enure may b e offset b y oth r fac t o r s. Th e so il on 
tena nt farm s m ay be rundown from poo r rotati on s a n d, thus, 
the y i el d respo n se may b e l a r ge en ou gh to offset th e uncerta inty 
involved. 

1 sThi s a na lys is, th e re fore, i s representa th·e of so il a reas 1, 
2 and 8 for the y ear 1953. 

19The d a t a r esu lted from a c lust er sampl e. Statis tica l t ech 
niques for a ra n dom sample h a v e b een u sed for a c lu ster sampl e ; 
ther efore, the t Yalues should be con sid er ed a s a convenient 
estima t e. 

tion to fertilizer use for both owner-operated and ten
ant-operated farms and ( 6) farmers ' subjective de
mand · curve for niti-ogen on corn for both types of 
tenure and for both first-year and second-year corn. 
The variables used in these predictions and the result
ing stati stics are presented below. 

:B-,u~CTION UsEn 

The logarithmic equation has been used for mo. t of 
th e estimates. This equation, 

x .Bn 
" ' 

permits the interaction of variables with a minimum 
number of paramcters20 to be determined and allows 
the expression of curvilinear relationships. Restric
tions imposed by this form of equation are that the 
elasticity of each variable is constant, and the mar
ginal values are either increasing, decreasing or con
stant throughout the range. The assumption of con
stant elasticity is justified only if it approximates the 
actual r elationship in the range of data being exam
ined . .Advantages in ease of computation and inter
pretation from using the logarithmic equation will 
usually offset a small increased amount of error in 
estimates relative to other applicable algebraic equa
tions. However, as illustrated later, a quadratic equa
tion better fits th e anticipated corn-yield responses 
from nitrogen fertili zer use th an the logarithmic 
equation. 

R E L ATIONSHIPS AMONG EXTEN T OF 

T OT .\L FERTILIZER USE AND CEWl'AIN 

C ,1PJTAL .\ND PHYSI CAL FA CTORS21 

EXTENT OF TOTAL FERTILIZER USE PER FARM 

Ownei--operaled farms. The final variables r elated 
to the ex tent of owner-operators ' use of all ferti lizer 
were capital investment, fertilizer used the previous 
yem· and size of farm. The summary of the regres
sion analyses of extent of all fertilizer used and related 
Yariables for both o"·ner- and t enant-operated farms 
is pre ented in table 20. 

Size of farm was hi ghly significant and mo t close
ly related to the extent of total fertilizer u se by owner
opcrato1·s. A ] -percent change in farm size was posi
tivcl? associated with an average of 0.64-percent 
clrnnge in tons of a 11 fer tilizer u sed per farm- a less 
than pi-op01tiona l relationship. The amount of total 
fer t ilizer used in prcviou year was highly significant 
and positively associated with use in the current year. 
'11his relationship i · in accord ,.vith the general up
ward trend in fertilizer use in Iowa. A satisfactory 
estimate of the 1·elationship between capital invest
ment and amount of fer ti lizer u sed per farm was not 
obtained beca use of the r elatively high degree of 

!! 0 The l'e g- ress io n ana lys is ,vas carri cLl out in the s ta nd ard 
for m w ith th e l ogarithm of Y as th e d ependent vari a ble a nd 
the loga rithms of X; as ind epen dent vR riables. Th e expon ents 
B, (b' , =standard part ia l r eg r ess ion coeffi c ients) a r e the p a rtial 
regress ion coeffici ents c on1putecl in th e c o n ventiona l ,vay. 

01D etai l ed st ati sti ca l summaries of r egression anal y ses con 
t a ined in thi s sec ti on are presented in Appendix D. 
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T a b le 20. SUl\"Tl\IARY OF REGRESSI ON ANAL YSES OF 
FERTILIZER U SE P I;;R FARM AND RELATED \ "ARl ABL ES, 
T HREE SOIL A R E.AS OF I OWA , 19 53. 

Ow n er - operatecl Ja,-,ns 
V a r ia bl es: 

(Y) T on s of a ll fe r tili z e r u sed pe r f a r m 
(X, ) Ca p ita l im·es tment 
(Xo) Amount of fe rti liz e r u sed d uring p re v io u s year 
(X0 ) Acres in fa rm 

Y == 0.2720 X 1·0 .1 0 8 1 x 5o. 14 5 8 X oO . O l :!I 

R , 0.1 •0 = 0.71 30, cl. f. = 65 
b ' , , .56 = - 0.l 0l0 t 
b ' ,· , .1 0 = 0.36 87** 
b'r 11.1a = 0.53 92** 

'P enant- ope1·cit ed Ja:nns 

T on s o f a ll fe rtili z e r u se d pe r fa r m 
Ca pita l in ve s tme nt 

(1 ) 

V a r ia bl es: 
( Y ) 
(Xe ) 
(Xs ) A ntic ipa ted corn-y ie ld respon se fro m 4 0 pounds of 

nitl'ogen per acr e 
( X u) 
(X,o ) 

J-\n,ount of fertilizer u sed during prev ious year 
Ac r es in f a r m 

y' == 0.04 57 X ::::O . tH :; x.so . ::::o o(I x 00 . 1 1~ 5 x ,0o.u on» 

R y O, :? ,S , 9, 10 = 0.5576, d .f. = 62 
b 'y1.s ,o, 10 = 0. 1404:t 
b' ,- s.e,o,,o = 0. 1 693 t 
b 'y o.2,s, 10 = 0.3844** 
b ' y 10.::: ,s,o = 0.2777* 

•• = P < 0.01 ; • = P<0.05; t = P < 0.20 ; t = P < 0.30 . 

( 2) 

correla tion between capital investment and size of 
fa rm (table 1-D, A ppendix D ) . 

T enant-operated f arms. The va riabl es r elated to 
total fertilizer used per fa r m fo r tenant-operators 
were : capital inYestment , expected yield response, 
tota l fer tili zer used the pr evious yea r and size of farm 
in acres. The data secured for tenant-operated farms 
yielded a r elatively significant r elationship between 
totnl fertilizer used and capital investment (table 
20 ) .2 2 A 1-per cent change in ca pital was positively 
a sociated with a 0.14-per cent change in ton s of fer
ti lizer used per fa rm. The anticipated corn-yield 
r esponse from the use of 40 pounds of nitrogen per 
acr e was r elatively significant in relation to total fer
tili zer u ·e per fa rm. Th e r elation ·hip of the extent 
of total fe rtili zer use during the previous year to 
total fer t ilizer use during yea r considered was hi ghly 
significant ; and size of farm operated by tenants was 
significantl y related to the tonnage of fertili zer use. 

lVL,nGIN AL U s E OF T oTAr, PERTI LizEn 

USED ON A Lf, C HOPS, R ELATED TO 

ANTICIPA TED Con N-Yrnr.D R ESPONSE 

Th e mar ginal ( incrementa l) or additional use of 
fe rtilizer on all cr ops, as r elated to unit chan ges in 
anticipa ted co1·n-yield 1·esponse to nitrogen , may be 
obtained by taking th e partial deri vative of th e esti
matin g (regression ) equ ati on with resp ec t to t he an
ticipa ted corn-yield r esponse and by holdin g t he other 
variables of the equation constant. 2 3 The results of 
such an analysis arc presented in table 21.2 1 

22 The rninimu m a ccepta ble level of sign ificance w as selected 
a t P < 0.30. A le ve l o f s ig nificance b e t \\" een P < 0.30 a nd P < 0.06 
'\vas considered r ela ti vely significant ; P < 0.05 signi fican t ; and 
P < 0.01, hi g hl y s ig ni fi can t. 

'"Yar ia b les X e, x . a n d X ,0 of e q ua ti on (2 ), t a ble 20 , a r e h e ld 
con s ta nt. 

"' T h e m a r g ina l (i nc r e m enta l ) e ffec ts o f the o the r r la ted 
v a r ia b le s o n fe rtili z e r u s a r e p r e se nted in tab le s 5-D to 7-D, 
Appe nd ix D. 

20 

The mar g inal use of fertili zer (all nutrien ts ) is 
0.0--1:74 ton wh en exprcted corn-yield response to 40 
pounds of nitrogen is 10 bushels and all the other re
la ted var iabl es are held constan t at half the average 
for all farms; 0.1184 ton of fer t ilizer when all other 
var iables ar e fixed a t a 50-percent-greater level th an 
th e average for all fa rm. . For any given anticipated 
coi:n-yield r esponse to 40 pounds of nitrogen , margin
al use of all fertilizer increases with. increases in the 
level of the other variables-namely, capital invest
ment, farm size and total u. ·e of fertilizer during the 
previous yea r- at a 50-percent-greater level than the 
ave rage of all fa rms. Mar ginal use of fer tilizer de
cr eases with increases in the anticipated corn-yield 
response to -:1:0 pounds of nitrogen per acr e ( t abl e 21 ) . 

E xTENT OF N ITHOGEN U SE 

Ownei·-opera.ted farms. The amoun t of nitrogen fer
tilizer farmers use on corn depends on many of the 
same va riab les r ela ted to the amoun t of fertilizer used 
per farm. H en ce, a r egression analy ·is, similar to 
the on e for tota l ferti lizer use per farm, was com
pleted for nitr ogen use on land in corn. Thi s addi 
tiona l analysis for nitrogen use on corn land was 
possible becau ·e additional question s were asked spe
cifically about corn. The va riables r elated to pounds 
o.E nitrogen used per acr e in corn were capital invest
ment, equity r atio (rati o of owned capital to total 
capital ) and un certainty of anticipated corn-yiel<l 
r esponse fro m 40 pounds of nitrogen applied per 
acr e. Capital investment wa s positively related to n i
trogen use per acre in corn ; equity ra tio and nitro
gen use per acr e in corn were negatively r ela ted (table 
22) . The negative r elationshi p between nitrogen use 
and equity 1·atio may r esul t because a lar ge proportion 
of the owner-operators have an equity ratio of 1, or 
ver y close to it. 25 

The un certainty of corn-yield r esponse was posi tive
ly and significantly associated with nitrogen used per 
acr e in com (table 22)-though th e opposite r elati on
ship might be expected- th e grea ter the un ccrtai11ty, 
the smaller th e quantity of fertili zer r esource used . 
Since the an ticipated yield r esponse wa s positively as
socia ted with the degree of uncertainty of yield r e
sponse, the effects of anticipated corn-yield r esponses 
may have offset the effects of un certainty of yield r e
sponse in the r egression analysis. The posit ive r e
lation ship (correlation coefficien t of 0.25 ) between 
anti cipated corn-yield r esponse and uncertainty of 
yield response wa s not large enough, however , to be 
significant at the 5-percent level of probability . The 
estimates of this study appear in conclusive with r e
spect to these r elationship.·. 'fhcy n eed to be studied 
further with a survey designed and cont rolled spe
cifically for these purposes. 

'1.'enant-operated f arms. Capital investment , un
certainty of anticipated com -yield r esponse and anti ci
pated corn-yield response were r elated to nitrogen use 
on land in corn for tenants (table 22 ) . H olding an
ticipa ted co1·n-)·ield r esponse and uncertainty of yield 
r esponse constant , a change of 1 percent in capi tal 

" A n e q uity r a ti o of 1 i n dica t es n o outs t a n d ing d ebts . 



T a ble 21. l\'[ ARGI NAL USE OF' F E RTILI ZER A T VARI OUS LEYl;;L S OF ANTIC I PAT E D CORN -YIELD R E SPONSE Fl 0 111 4 0 
POUND S OF N ITROGE N. T ENANT-OPER A T E D F ARMS, I OWA. 1953 . 

H a lf t h e 
A ntic ipa ted co rn-y ie ld respo nse t o a ve rage fo r 

40 po und s of nitrogen a ll fa rms 

(bus h els) 
1 0 
15 
17.73 ( mean ) 
20 
25 

0.0474 
0.0342 
0.0300 
0.027 2 
0.0 228 

investm ent by th e tenant was positiv ely associated 
with a 0.17-perccnt chan ge in the use of nitrogen on 
land in corn. On the other hand, a change of 1 per
cent in m1certainty of anticipated corn-yield r esponse, 
holding the other variables constant, was n egcitiv ely 
associated with 0.20-per cent change in the amount of 
nitrogen used per acre of land in corn. A I-per cent 
change in anti cipated corn-yield r espo11se, other vari
ables held constant, was positively associated with a 
0.26-per cent change in the amount of nitrogen used 
on land in corn. 

These r elationships ar c in the direction which might 
be predicted, given the logic of managerial economics. 
That is : (1 ) As the tenant controls more capit al, his 
use of nitrogen on land in corn incr eases. (2 ) A de
cr ease in uncertainty about rorn-yield r esponse is r e
lated to an increase of nitrogen use. (3) Nit rogen 
use also increases as the anticipat ed yield r esponse 
from a given input of nitrogen increases. 

M ARGIN AL UsE OF :F1ERnuzER AN D R E L,\TE o V .,RT.-\BLES 

- T EN.\ N T-OPE RATED FARMS 

The mar ginal (incremental ) effec t of a given vari
able on nitrogen use was determined by taking th e 

T a bl e 22 . SU Mi\lAR Y OF R EGRESSION ANALYSES OF 
N ITROGEN USED PER ACR E I N CORN AND R E L AT E D 
VARIABL ES, IO,WA, 19 53. 

Owner -ov erc,tecl f ci rms 
Vari a bl es: 

(Y ) P ounds of nitrogen a pplied pe 1· ac r e in corn 
(X2) Ca p ita l in ves t m ent 
(X3 ) Eq uity r a ti o (ra ti o of own ed ca p ita l t o t o t a l capita l ) 
(X7 ) U ncerta inty of co rn-y ie ld r e s po nse fro m 40 po und s of 

nitroge n a ppli e Ll pe r a c re 
y = 4.11 30 X:/·2TG I X;i · (l.i:iS /1 2 X;- 0 . 2 17!) 

R , 0.237 = 0.4756, d .f. = 4 0 
b ' n .37 = 0.2668t 
b',. "·"' = - 0.1 609§ 
b ' ,., .2, = 0.3028• 

T enant-ove,·atecl f arms 
Vari a b les : 

(Y) Pounds of nitrogen a pplied pe r a cr e in corn 
(X2) Ca p ita l inves tment 

( 1 ) 

(X7 ) U ncerta inty or co rn-y ie ld r espon se f r om 40 po und s of 
nitroge n a ppli ed pe r a c r e 

(X8 ) A ntic ipa t ed co rn-yi e ld r espo nse fro m 40 po und s o f 
nitrogen per acre 

Y = 2.0 160 x 20.1~5 1 x ,, -0 .201 :.: x 8 0 . 2 5,-1 

Ry 0.27s = 0. 3037 , d .f. = 52 
b' n.,s = 0.1 253§ 
b' ,•7.,s = - 0. 23 ll t 
b ' ,.._,, = 0.166 4§ 

** = P < 0.01 ; * = P < 0.05; t = P <0.10 ; t = P < 0. 20; 
§ = P < 0.30. 

( 2) 

O the r v a r ia bles he,ld a t : 

Avera g·e fo r 
a ll f a r111s 

( ton s o f f e rtilize r ) 
0.0845 
0.06 11 
0.0534 
0.0 48 6 
0.0406 

5 0-pe rcent-g reate r 
leve l th a n the 

a ,·e rage fo r a ll f a rms 

0.11 84 
0.0 856 
0.0749 
0.06 8 0 
0.0569 

partial derivative of the nitrogen use (regression ) 
equation with r espec t to the variable under con
sideration. 

'Nith nitrogen use per acre in corn nega tively as
sociated ·with a unit change in un certainty of yield, 
the decrease is 0.154 pound of nitrogen per acre when 
uncertainty about anticipated corn yield is 15 bushels, 
while capital investment and anticipated yield r e
spon ·e are held at their g·eometric mean s. The de
crease is 0.115 pound of nitrogen per acr e with capi
tal investment and anticipated yield r esponse held at 
ha lf of their geometri c means ; 0.183 pound of nitro
gen per acr e wh en these variables are held at a level 
50 percent grea ter than their geometric means and 
when the anticipated corn-yield response is 15 bushels 
( table 23 ) . 

Marginal changes (increases ) in the use of nitrogen 
in r lation to incremental chan ges in capital invest
ment ( other variables held constant )26 are presented 
in table 24. 'rable 25 shows mar gin al changes (in
cr eases ) in the use of fertilizer in r elation to incre
mental changes in anticipated corn-yield r esponse 
(other variables held constant ) . 

A change in th e tenant farmer 's capital invest
ment from $5,000 to $6,000 (with anticipated corn
yield response and degree of uncertainty of yield held 
constant at the avera ge for all fa rms) was associated 
with a marginal chan ge of 0.305 pound of ni t rogen 
used per acre in corn. F ertilizer u se would not be 
proportional to the amount of capital added because 
part of the fund s would be used for other investment 
alternatives. An in crease in capital investment from 
$12,000 to $13,000 under similar conditions, was asso
ciated with an incremental in crease of 0.1-:l:2 pound 
of nitrogen per acre in corn (tabl e 24 ) . 

An incremental chan ge in the tenant farm er 's an
ticipated corn-yield response to 40 pounds of nitrogen 
per acr e at the 5-bushel level was associated with an 
incremental change of 0.398 pound of nitrogen ap
plied per acre in corn. However , an in cremental 
change in anticipated corn-yield response at th e 25-
bushel level was associated with an in cremental 
change of 0.120 pound of nitrogen applied per acr e 
in corn ( table 25 ) .2 7 The greatest inc1·ease in the 
use of nitrogen on corn land may be obtained by in
creasin g the anticipated corn-yield response by those 
farmers havin g high capital investment and a mini
mum amount of uncertainty with respect to cor n
yield r esponse. 

2•V a ri a bles X , a nd .·, of equa ti on ( 2), ta b le 22, a re h e ld 
cons ta nt. 

27\ 'a ri a bles X 2 a n d X.7 of eq ua ti on ( 2) , t a ble 22. a re h e ld con
s ta nt. 
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T able 23 . MARGI NAL USE OF N ITROGEN ASSOCIAT ED W ITH I NCREMENT AL CH ANGES I N UNCERTAIN TY ABOU T 
ANTICIPATED CORN-YIELD RESPONSE, TE NAN T-OPEHATED FARMS, IOWA, 1953. 

Inc re mepta l cha nges ( i. e., decr ease) in pound s •of nitrogen used pe r ac re in corn r e la ted t o 
cha nges in uncerta inty a bout corn-y ie ld r espon se, w ith o the r fac t or s he ld con s t a nt a t: 

H a lf the 5 0- pe rcen t-g r eate r 
U nce rta inty a bout a nti c ipa t ed aver age for Ave rage for tha n average 

corn-y ie ld r esponset a ll f a rm s a ll farms for a ll f arms 

(mean s qua r e error) 
5 

15 
23.03 (mea n ) 
45 
60 

- 0.4 31 
- 0.115 
-0.069 
- 0.031 
- 0.022 

(pounds o f nitrogen ) 
- 0.57 7 
-0.154 

- 0.092 
-0.04 1 

- 0.029 

- 0.68 5 
- 0.183 
- 0.1 09 
- 0.049 
- 0.035 

,Unce rta inty o :· va ri a bi lity h as been measured by m ean s quare e rror. 

T a bl e 24. MARGI NAL USE OF NITROGEN ASSOCIATED WITH $1,000 CHANGE IN CAPITAL I NYEST:\IENT , AT V ARIOU S 
LEVELS OF CAPITAL INYESTMENT, T ENAN T-OPERATED FARMS, IOWA, 19 53 . 

Incre m enta l cha nge in po und s o f ni trogen u sed p er acre in 
ca pita l in vestment, w ith othe r 

co rn assoc ia ted wi th 
,·a ri a b les a t: 

a change in $1,000 of 

Ca p ital 
in vestment 

(d oll a r s) 
5,000 
7,500 

11,460 
12,500 
15, 000 

H a lf 
average 
for a ll 
f a rJTI S 

0.293 
0.209 
0.147 
0.1 36 
0.117 

Ave rage 
fo r a ll 
f a r,11 s 

0.3 05 
0.217 
0. 152 
0.14 2 
0.1 21 

50 pe r cent 
greate r tha n 
aver age for 

X 7 ha lf a ve r age, 
X 8 50 pe rcent 
g reate r than 

average! a ll fa rms 

0.3 12 
0.222 
0.1 56 
0.14 5 
0.125 

(pounds of nit rogen ) 
0.389 
0.277 
0.19 4 
0.181 
0.155 

X s ha lf average, 
X7 5 0 percent 
g reat e r than 

ave r agct 

0.235 
0.167 
0.1 17 
0.111 
0.094 

t X, = uncerta inty of corn-yi e ld respo nse from 40 pound s of nitroge n per acr e . 
poun ds nitrogen p e r acr e . 

X 8 = a nti c ipat ed co rn-y ie ld r espon se from 40 

T a ble 25. MARGINAL USE OF N ITROGEN ASSOCIATED WITH CH ANGES I N ANTICI PAT ED CORN-Y IELD RESPONSE A T 
VARIOUS L EVELS, TENANT-OPERATED F ARMS, IOWA, 1 953 . 

Inc re menta l cha n ge in po und s of nitrogen u sed p er ac re in corn assoc ia t ed w ith 
co rn-y ield r esponse, w ith othe r var ia b les a t: 

changes in antic ipa ted 

Antic ipa t ed 
corn-y ie ld 

r esponse 

(bushels) 
5 

10 
18 
20 
25 

H a lf 
a ,· e rage 
for a ll 
f a rn1s 

0.453 
0.2~ 0 
0. 157 
0.144 
0.1 22 

Aver age 
f o r a n 
fa rms 

0.44 2 
0.234 
0. 153 
0.140 
0.11 9 

50 percent X 7 ha lf ave rage, 
g r eate r tha n X, 50 pe rcent 
ave r age for g reate r tha n 

a ll f a rn,s averaget 

0.4 35 
0.23 1 
0.151 
0.1 38 
0.11 i 

( pounds of nitrogen ) 
0.543 
0.288 
0.188 
0. 17 2 
0.1 45 

X, h a lf aver age, 
X 7 50 pe rcent 
g r eate r th a n 

average! 

0.363 
0. 192 
0.126 
0.155 
0.09 8 

tX, = ca pita l im·estment. X 7 = uncerta inty o f corn- y ie ld r spon se from 40 pound s of nitrogen pe r acre. 

RELATIONSHIPS B E TWEEN E STIMATE D l\!IosT PROFI'rABLE 

AND A CTUAL FEB'l 'ILIZER ExPEN DI'l'U RE 

AND R ELATED VABIABLES 

Th e r egr ession analysis of this section deals with 
the difference between farm ers' actual ex penditures 
for fert ilizer and th e expenditures which they viewed 
as being most profitable. 

'l'he difference between actual fer tilizer expendi
tures and farmers ' es timated most profitable fertilizer 
expenditure will be r eferred to as the " difference." 
This difference indicates a restrict ion to the optimum 
economic use of fer tilizer by th e farm operator. In 
the ana lyses presented below, the independent vari
ables of fertilizer use exper ience, capital investment; 
equity ratio and amount of manure applied per 
acr e are used to predict this difference as the depend
ent vari able. 

Ownei·-ovei·ated farms. Measures of corn-price un-
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certainty and uncertainty with 1·espect to anticipated 
corn yields apparently were not significantly r elated 
to the difference va riable ( tabl e I4-D, Appendix D ) . 
Howe\·er , capital inves tment and equity ratio wer e 
related (significantly at the probability levels used in 
this study) to the differ ence variable for owner-op
erated fanns . A I -percent change in capital invest
ment ( equity ratio held constant ) was positively as
sociated with a 0.6-:1:-percent change in the differ ence 
( tabl e 26 ) . However , a I-percent change in equity 
ratio ( capital investment held constant) was negative
ly associated with a 2.69-percent change in the differ
ence. 

"rhose owner-operators having greater capital in
vestments in their farms considered themselves fur
the, t from their estimated optimum level of fertilizer 
use. On the other hand, those owner-operators in the 
most favorable equity positions considered themselves 
near est their estimated optimum level of ferti li zer use. 



T able 26. SUMMARY OF REGRESSION AN"ALYSES OF THE 
DIFFERENCE BETvVEEN ESTIMATED MOST PROFITABLE 
FERTILIZER EXPENDITURES AND ACTUAL FERTILIZER 
EXPENDITURE, AND RELATED VARIABLES, IOvVA, 1953. 

Owner-operated farms 
Variabl es : 

(Y) Diffe r e nce (estima ted mos t profitable f e rtilize r expe ndi
ture minus ac tua l f e r til ize r expe nd iture) 

(X,) Cap ita l investment 
(X3 ) Equity ratio ( r a tio of ow ned capita l to t o t a l capita l ) 

y"' = 0.0829 x:.!o.o as o x 3 . z. 00 11 

R, o.,o = 0.306 8, d .f. = 71 
b' ,e.3 = 0.21 80 t 
b'y 3 .2 = -0.2272* 

Tencint-overc,ted farms 
Varia bl es : 

(Y) Diffe re nce ( es tima ted m os t profita ble fe rtilize r expe ndi -
ture minu s actual fert il ize ,· ex pe nditure) 

(X1 ) Ext nt of ferti li ze r exper ie nce 
(X,) Cap ita l im·estment 
( X 0 ) M a nure u sed pe r ac r e 

Y = 0.064 1 X1 · 0 ,S ZO:! x:.!o. a..ioo X o0. 2 71) :\ 

R , 0 .100 = 0.3326, d.f. = 85 
b' yi.eo = -0.2348t 
b' rz.10 == 0. 1485:!: 
b' , •·" = 0.1 764t 

• = P < 0.05; t = P < 0.10 ; t = P < 0.20 . 

Apparently the difference in creases as farm size (r e
flected by capital investment ) increases. H ence, it 
is expected that th e greatest potential for future in
creases in total ferti lizer use per farm still exists on 
relatiYcly large owner-operated farms in Iowa-even 
though these farmers are now usin g the largest 
amounts of fertilizer . 

'l'cnant-operated farms. The n riabl cs related sig
nificantly to 1 he difference variable for tenant-operated 
farms were exten t of farmer 's experience, capital 
investment and manure use l per acre. A I-per cent 
change in the tenant 's fert ilizer exper ience (capital 
inves tmen t and manure used per acre held constant ) 
was negatively associated with an 0.82-pcrccnt change 
in the difference (table 26 ) . 'l'hat is, if the t enant 
was then using a relati,·ely Jm·gc amount of fertilizer , 
there ,ms a smaller ga p between actual use and level 
of use thought to be most profitable. 'l'h e size of this 
gap, then, incr eases with the smallness of the quantity 
of fertilizer used prcYiousl.L A 1-percent chan ge in 
the tenant ' · capital i1westrnent (fer tili zer use experi
ence and use of manure per acre held constant ) was 
positively associated with a 0.28-percent change in 
the difference. .Again, the farmers with the most 
capital are those who feel th at they could use the 
largest amounts of additional fertilizer , if they were 
to maximize profits. 

Gaining experience in fertilizer use is a time-con
suming process. Therefore, since an increase in fer
tilizer use experience is associated with a decrease 
between actual fertilizer u se and estimated optimum 
fertilizer use, any process designed to speed up the dis
semination of inform ation a bout the effects and profit
ablen ess of using fertilizer should result in greater 
ferti lizer use. 

R ELATIONSHIPS BE1'i\VEEN T HE °CSE OF ADDITIONAL 

CAPITAL FOR FERTILIZER AND RELA'l'ED VARIABLES 

·when a farmer is confronted with th e opportunity 
to obtain additional capital , he is faced with making 

the decision of where he can most profitably use this 
r esource-the use or uses where the greatest marginal 
r eturns can be obtained. This marginal r eturn may 
be in the form of ·tl.irect satisfaction from new ma
chinery or home facilities as well as from dollar r e
turns. 

Since this study did not include direct measure
ments of the attractiveness of alternative investment 
of funds, certain variables were selected which might 
be r elat ed to these alternatives. In the survey ques
tionna ire, farmers were asked how they would spend 
an additional $I,000 if it were made available. The 
proportion of the $I ,000 they would spend for fertil
izer is the variable to be predicted. Using this pro
poi-tion as the dependent va riable, a regression equa
tion was derived with the following independent vari
ables: fe rtilizer used in the current year , total capi
tal investment, capital investment in livestock and 
anticipated yield r esponse the farmer expects from 
fertilizer. 

Owner-operated farms. The amount of fertilizer 
used in th e current year was the only variable sig
nificantly r elated to the proportion of the $I,000 to 
be used for fertilizer. This relationship indicates 
that those farmers already using the most fertilizer 
would be willing to spend the largest proportion of 
the add itional $I ,000 for fertilizer. A chan ge of 1 
percent in the amount of fer tilizer u ed in the current 
~·ear was positively related to a 0.22-percent change in 
the proportion of additiona l $I,000 to be u sed for 
fertilizer ( table 2 7) . Evidently, those farmers who 
have Yentured to use larger amounts of fer tilizer best 
understand this practice and the yield r esponses 
from it. 

T encint-opcrated farms. Capital investment was the 
only Yariable ignificantly r elated to the proportion 
of an additional $I,000 to be used for ferhli zcr. A 
I-percent change in capital investment was positively 
associated with a 0.2-±-perccnt change in the propor
tion of additional $1,000 to be used for fertili zer 
(table 27 ) . 'l'hi s r elationship suggests 1hat tenant 
farmers who have a greater capital investment also 
think it would be to their advantage to invest a larg
er proportion of the additional $I ,000 for fer tilizer. 
Altern atively, the data may suggest that, if the tenant 
has more capital, he ha s already exploited investment 
opportunities in crops, livestock, buildings or machin-

T a ble 27 . S U MMARY OF REGRESSION ANALYSES OF USE 
OF AN ADDITIONAL $1,000 CAPITAL AND RELATED VARI
ABLES, IOvVA, 1953 . 

Owner-ovei-c,ted farms 
Varia b les : 

(Y) Proporti on of a n add itio n a l $1,000 spent fo r f e rti l ize r 
( X 1 ) Ex te nt of f e rt il ize r use 

Y = 3.8 730 X1•·"43 
r = 0.3 003:j: . cl .f. = 20 

T enant- operc,ted farms 
Variabl es : 

( Y ) P r oporti on of add ition a l $1,0 00 s pent f or f e rtilize r 
(X2 ) Cap ita l im·es tment 

Y = 7.7 52 0 x., •. ,,., 
r = 0.4096t, d-.f. = 24 

f = P < 0.10; :j: = P < 0.30 . 
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ery which may r eturn more than fertilizer . H ence, 
a lar ger propor t ion of added capital may be used 
profitably for fertilizer . 

The an a lysis presented in this section is based on 
a sample designed mainly to provide descriptive char
acteri stics of fertilizer use. F ailure to find significan t 
r elation ships between use of fertili zer and additional 
capital, and other variab les, may r esult because the 
sample design was not most appropriate for the pur
poses. P erhaps a sample carefully stra tified by the 
impor tant independent variables would have been 
more effective for the analysis. It would have all owed 
for a much gr eater r ange of observation for some 
variables than wer e en com1tered in this study . Al so, 
it ,vould have allowed for less var iance in other var i
ables ( i .e., greater homogeneity within a " treatment ") 
which wer e considered to be "con stants" for this 
an a lysis. Addit ional considera tion s, snch as these 
should be in cluded in future . t udies whi ch at tempt 
to provide prediction s of the use of capital and fer til
izer. 

R E LATIOKSHlPS B E 'l'\VEEN A N TICIPATED Y IELD 

VARI.\I3JLITY AN D RELATED V ARIABLES 

This section deals wit h farmers' anticipated yield 
r espon se for nitrogen in corn. Regression equations 
have been derived separ a tely for tena nt- and owner 
oper ated fa rms. 

Owner-operated f anns. F ertilizer u ·e experi ence 
and expected yield r esponse wer e significantly r ela ted 
to anticipated yield variability on owner-oper ated 
f arms. Jf fertilizer u se experience wa s incr eased 1 
per cent (holding th e expected y ield r espon se con
·tant ) th e anti cipated variability of corn-yield r e
sponse wa s negatively associated (i .e., declin ed ) by 
0.45 per cent. In cr eased fertili zer use experience ap
pears to decrease the uncertainty of corn y ield ex
pected from applications of nitrogen fertilizer. If 
the expected yield r esponse was changed 1 per cent 
(holdin g f ertilizer use experience con stant ) the un
certainty of expected corn-yield r espon se was posi
tively associa ted ( i.e., incr eased ) by 0.55 per cent 
( table 28) . 

T a ble 28. SU MMAR Y OF R E GR ESSI ON ANALY SES OF AN
TIC I PAT E D V.ARlABILITY OF CORN -Y I E LD R ESPONSE 
AND RELA T ED V ARIABLES, I OW A , 1953 . 

Own e,·-01,ercited Jcirm.s 
Y a ri a bles : 

(Y) Expected va ri a bility o f corn-y ie ld r espon se 
( X , ) Ex tent of fe rtili ze r experi e nce 
(X, l A ntic ipa ted corn- y ie ld r e sponse f r o m 40 pounds of 

nitrogen a p pli ed pe r ac re 

Y == 7.288 0 X 1-U.4 4(H X:t· 5s:1 s 

R y o.o. = 0. 2681, d.f. = 52 
b 'n." = -0.1759t 
b' y:i., = 0.1 998t 

Tencint-overnted Jw·ms 
Vari a bles : 

(Y) E xpec ted va ria bility of y ield r espon se 
( X,,) A ntic ipa ted corn- y ie ld r espon se fro m 4 0 pounds of 

nitroge n a p pli ed pe r ac r e 

Y = 1 2.0 100 X/'·"•" 
r = 0.0200*, d .f. = 63 

t = P < 0. 15 ; t = P <0.20; § = P < 0.3 0. 
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T a b le 29. SU B J ECTIYE COR N -Y I E L D RESPONSE FUNC
TIONS BY SOIL AREA, T ENUR E AND F I RST- AND SECOND 
YEAR CORN, I OW A, 195 3. 

Year 
So il Soil a fte r Y = b,N + b,N2 

a rea assoc ia tions T e nure 111eaclow b, ~ 

1 C la ri on- O\\" n e r 1 0.4 7 259 - 0.0022363 
·w e bs te r 2 0.55951 - 0.002 8466 

T e nan t 1 0.'19604 - 0.002 178 1 
2 0.57997 - 0.00 28 39 6 

2 Carring ton- Owne r 1 0.57725 - 0.0027259 
Cly d e 2 0.53 108 - 0.0023873 

T e n a nt 1 0.55019 - 0.0023535 
2 0.6165 1 - 0.0027309 

8 :Mar cu s- Ow ne r 1 0.4 8788 - 0.0024799 
Primg h a r- 2 0.61 830 - 0.00269 85 
Gal va-Sac Te n a nt 1 0.53279 - 0.0027388 

2 0.70960 - 0.003977 6 

1, 2 Three so il Owne r 1 0.501 7 - 0.0024 197 
and 8 a reas, 2 0.56303 - 0.002674 9 

poo led T e n a nt 1 0.52566 - 0.0023 394 
2 0.6149 8 - 0.0029572 

Combined 1 0.51388 - 0.0023 611 
2 0.590 71 -0.0028196 

1 a nd 2 0.55230 - 0.0025903 

T enant-operated fann s. 'l'h e anticipated corn-yield 
re ·ponse was the on ly va riable found to be significant
ly associated with anticipated yield variability on 
ten ant farm s. A chan ge in the expected corn-yield 
r esponse by 1 per cent wa s associated with a 0.25-per
cent change variability of yield r esponse ( t able 28) . 
The tenant's experience with fertili zer did not seem 
to be related to expected variance of corn-y ield r e
sponse. Thi s lack of r elation ship may be explained by 
th e fac t tha t tenants move more often than owner
opera tors and thus have their experience with fer tiliz
er use under a gr ea ter variety of conditions. 'l'hi s 
situation may cause difficulties in estima ting anti ci
pated yield on t enant farms at the time of study. 

F ARME RS' A N'l'I CIPATE D C ROP -YIELD R ESPOKSE 

AN D D E MAN D F UNCTIONS AS R E LA'l'ED TO 

F E R'l'lLJZE R USE AN D PRICES 

When farmer s make decisions on the amount of fer 
tilizer to use, they most likely have some notion about 
the increased yield to be expected from va rious uses 
of fe rtilizer. For example, a fa r mer ma y expect a 
corn-y ield increase of 10, 17, 22 and 25 bushels of corn 
per acr e as a response from an app licat ion of 20, 40, 
80 and 120 pounds of nitrogen per acre. This section 
includes a summary of the yield r esponse farmers in 
th e three soil ar eas (1, 2 and 8) expected from va rious 
quantities of nitrogen on c01·n. These data should 
provide some notion of wheth er fa rmer s, on the av
erage, have sufficient knowledge of fertilizer response. 
If th e expected r espon se appear s low r elative to agro
nomi c r esearch and possibilities, fertilizer use might 
well be incr eased by fur ther education on r esponses. 
Th e r elationship between anticipated yield increases 
and fertilizer ap pli cation is termed the " anti cipated 
y ield respon se function '' in th e di scussion below. 

A N TICIPATE D C OR N -YIELD R ESPONSE TO NITROGEN 

To measure farm ers' expected r esponse f unctions by 



Table 3 0. A N TICIPA T E D CORN-YIELD RESPONSE ESTil\iATED FROJ\1 SUBJE CTIVE RESPON SES F OR CORN GROWN 
FIRST AND SECOND YEAR AFTER MEADOW, BY SOI L AREA AND TENURE GROUP, IOvVA, 1953 . 

R a te of Soil a rea 2, Soi l a r ea 8, • 
app lication So il a rea 1. Ca rring t on- Jlla rc us -Pri mgha , A,·e ra g e for the 

nit rog·e n C la ,·ion-vVe bs te r C lyde G a lva -Sac 3 soi l area s 
(pou n d s ) Owner T e n a nt Owne r T e nant Owne r T enant Ow ne r T enant Combi n ed 

Corn firs t year a fte r m eadow, b us h e ls 

20 8.6 9.0 10.5 10.1 8.8 9.6 9.1 9.6 9.3 
•10 15.3 16.4 18. 7 18.2 15.6 16.9 16. 2 17.3 16. 8 
80 23. 5 25.7 28.7 29 .0 23. 2 25.1 24 .7 27.1 26.0 

120 24 .5 28.2 30.0 32.1 22.9 24 .5 25.4 29.4 27.7 

Corn second year a fter meadow, bushe ls 

20 10.1 10. 5 9.7 11 .2 
40 17 .8 18.7 17.4 20.3 
80 26 .5 28 .2 27.2 31. 8 

1 20 26. 2 28 .7 29.4 34 .7 

varying quantities of nitrogen applied to corn, a re
gression equation was derived relating farmer ' sub
jective yield estimates and level of n itrogen use. Two 
regression equations ( quadratic and logarithmic ) were 
employed initially. Since the quadratic equation 
provided more efficient estimates than the logarithmic 
function, i t was used to develop the predictions which 
follow. In this function , Y = a+b1N+b2N2, Y is 
the total expected response in corn yield (above a 
zero rate of fert ili zer application ) , and N is the 
amount of nitrogen in pounds. These estimates were 
obtained by asking farmers to estimate the yield re
sponses expected i-espectively from applica tions of 
20, 40, 80 and 120 pounds of nitrogen per acr e for 
first- and second-year corn . 

Th e anti cipated response functions showin g the 
average r ela tionship between pounds of n itrogen ap
p lied per acre in corn and farmers' anticipated corn
yield r esponses were computed separately for each 
of two tenure groups ( owner-operator and tenant-op
era tor ) in each of three soil areas (1, 2 and 8 ) . Corn
yie ld r esponse fm1ctions were also computed separate
ly for first- and second-year corn for each of the 
above tenure groups and soil areas. The esti mates 
of th e average ant icipated corn-y ield respon. e for 
various levels of nitrogen application presented in 
table 30 arc derived from th e y ield-re.'ponse equation 
presented in table 29. 

The regression equations for the yield response of 
second-year corn were significantly greater than for 
f irst -yea r corn.28 This r elationship is to be expected, 
i.e., th e nitrogen readily available to the corn crop 
immediately following meadow is largely consumed . 
Thus, responses to nitrogen applied on second-year 
corn are nearly always greater than on first-year corn 
following a good meadow. Th e tenant-opera tor s ' 
estimates of corn-yield response tended to be higher 
than owner-operators ' estimates. The differences, 
however, were not significant at the 5-percent level of 
probability. 

COMPARISON OF FAR.MEHS' ANTTCJPATED ,\ N D 

EXPERIMENTAL CORN-YIBLD RESPONSE FUNCTIONS 

It is of interest to compare farmers' estimates of 
com -yield r esponse w:ith results from actual agronomic 

'"The d iffe r e n ce is s ign ifi ca nt a t the 0.0 1-le ve l of proba b ility. 
Th e stat is t ics for thi s tes t a re gi ven in t a ble 23-D, Appe ndix D. 

11. 3 12.6 1 0.2 11.1 10.7 
~0. 4 22.0 18.2 19.9 19 .1 
32.2 31. 3 27.9 30.3 29.2 
35 .3 27.9 29.0 31. 2 30.3 

experim ents to determine the average size of differ
ence between them. E xperimental yield response esti
mated from actual experiments in soi l area 2 and 
yield response est imated by fa rmer · in soil area 2 are 
presented in table 31. The avera ge corn-yield re
sponse estimated by farmers and by experimentation 
are similar. Th e closeness of the average estimates 
do not, however, indi cate that all farmers make ac
curate estimates of yield response. Some farmers 
were considerably above the average; some were 
consider ably below. Many of the farmers who esti
mated yield responses for 20- and 40-pound nitrogen 
applications per acre did not estimate y ield response 
for higher levels of application. Forty-two percent 
of 198 farmers did not estim ate yield response for 80 
pounds or more of nitrogen. 

A smaller percentage did n ot estimate corn-yield 
responses for th e 20- and 40-ponnd levels. Some 
farmers estimated a yield r esponse of 10 bushels 
whethrr 20 or 120 pounds of nitrogen per acre were 
applied. The farmers' average estimated corn-yield 
response for ar ea 2 compared closely with an es timated 
yield response. However, the wide variation in r e
sponse patterns a nd the large percentage of farmers 
not giving yield estimates indicate that there is still 
much need for dissemination of sound yield informa
tion.2~ 

D ERffED D EMAND FOR. N TTROGEN 

A " derived demand schedule " for nitrogen was 

" The f a rme r s' estima tes of y ie ld s for th e a rea r e prese nt a n 
unbiased s timate fo r the partic ul ar so il a rea. It is do u b tful , 
howe,·e r , th a t the ~a m e ca n be s a id a bout expe rimenta l r esults , 
s ince th ey r e p r esent a " jud g m ent loc atio n" of pa rtic ul a r ex
periments. 

T a bl e 31. CORN-YIELD RESPONSE S F:STIMAT ED FROM 
FARMERS' ANT ICIPAT ED CORN-YIELD RESPONSE FUNC
TION AND EXPERI MENTAL RESPONSE FUNCTION, SOIL 
AREA 2, IO'\\TA, 1953. 

Pound s o f 
nitroge n 

20 
40 
80 

E s tima t ed co rn-y ie ld response from 
nitroge n estimated wi th : 

F a rme r s' a nticipa te il 
response fu nc tion! 

(bus h e ls) 

10.3 
18.5 
29 .0 

Experi111tnta l 
r e s ponse+ 
(bu s h e ls ) 

1 2.0 
16.0 

t Estima tes deri ved fron, f armers 1 a nticipa ted respon se function. 
:J:FSR- 89. Estima tes from unpublished expe rimenta l d a ta, D e

pa rtment of Agron o m y , Iowa S ta t e College. Ames, Iowa . 
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Fig. 9. D rh·ed demand a n d s ubjec ti ve c urves for nitrogen 
ferti lize r. 

computed from the farmers' estimated corn-yield r e
sponse function. This demand schedule reflects the 
levels of nitrogen use whi ch would have been most 
profitable on the basis of (a ) farmers' notions of the 
nitrogen-response function for corn, and (b ) Yarious 
price-cost situations ( i.e., various combinations of 
corn-price and nitrngcn-costs ) . Th e demand sched
ule is plotted as the upper curve in fig . 9. The deriva
tion of one point on the derived demand curve i 
illu trated in table 32. 

Inputs or various levels of nitrngen arc listed in 
column 1. Anticipated corn-yield 1·esponses corre
sponding to the nitrogen levels are presented in col
umn 2. These have been derived from the equation 
p1·esented earlier of farmers ' anticipated yield re-
ponses from 11itrogen. They are simple averages 

of the first- and second-year response functions ( dis
cussed previously) . The value of the total yield r e
sponse in column 2 is shown in column 3. rrhe cost 
of nitrogen (shown in column 1) is presented in col
umn -!. 1'he difference between the value of the total 
yield response and the total cost is in column 5. The 
large t difference, a n et return of $23.88, is for 80 
pounds of nitrogen. Hence, using sim ple methods of 

calculation, this quantity of nitrogen would be most 
profitable with com at $1.30 per bushel and nitrogen 
at 15 cents per pound. However, in the calculations 
underl ying the• derived demand curve of fig. 9, more 
"exact " procedures were used (i.e. , the price ratin 
was equated to the derivative of the farmers' antici
pated r esponse function ). This example refers to a 
single point on th e derived demand function. Th e 
same procedure was used in computing other points 
on the curve. 

'l'hese types of data indicate the amount of nitrogen, 
as an average for first- and second-year corn, which 
would be most profitable unde1· various corn-fertilizer 
price ratios, given (1 ) farmers' estimates of the re
sponse function and (2) unlimited capital. A farmer, 
however, may not use fertilizer to this optimum leYel, 
even though he Jias the estimates of yield response pre
sented earlier. The farmer may discount the returns 
because of unce1-tainty; he may have only a limited 
amount of capital and need to use funds elsewhere in 
the business where they return more. H ere, it is the 
r eturn from fert ilizer as compared with the return 
from other enterprises which determines the amount 
which should be used for fertilizer. In other words, 
the farmer must arrive at some notion of the per
centa ge r etm·n on his money invested in fertilizer . 
These results must be compared formally or infol'mally 
with similar figures for other investment opportuni
ties. Column 6 o:f table 32 shows th e nature of these 
figures, based on farmers' l'esponsc functions ( i.e., 
the first- and second-year aYerage) p1·esentcd earli er 
with corn at $1 .30 pcl' bushel and nitrogen at 15 cents 
per pound. The;' would diffc1· for other price sitnn
tions. In this case, however, if the farmer could get 
a 1·etmn of 150 percent on hog feed, he would not in
Yest up to 60 pounds of nitl·ogen where the percent 
r eturn is only 107.3° Fnrthel' evidence of these gaps 
which prevent equating marginal costs and J·etm·ns 
for :fertilizer is gi,,cn by the subjective demand esti
mates which follO\r. 

Sl'BJE 'TTrn D El\L\ND F uxcTJON FOR NITROGEN 

The ' · clcri,·cd demand curve" was computed to in
dicate the levels of nitrngen use which would have 
been most profitable if ( a ) farmers tried to equate 

30These a re me rely exampl es a nd r epresent a s imple we ighting 
of r esul ts fro m fir s t- a nd second-year corn a ntic ipated r espon se 
fun c tion s. The pe rcent r e turn s are co mputed on the bas is of 
marg ina l product s ( i. e., th e cleri\·ati ves) a t " exac tl y" the to t a l 
nitrogen inputs of co lumn 1. 

Tabl e 32. ANTICIPATED CORN-YIELD RESPONSE J:<~OM NITROGEN. COST AND RETURNS FROM NITROGEN USED ON 
LAND IN CORN, IOWA, 19 53 . 

Pnunds 
of N 

(1) 
20 
40 
60 
80§ 

100 
1 20 

An tic ipated 
corn -yie lcl 

response in 
bushels 

(2) 
1 0.0 
17.9 
23.8 
27 .6 
29.3 
29 .0 

t $1.30 per bushel of corn. 
t$0. 15 per pound of nitrogen. 

Value of 
corn fron1 Nt 

(3) 
$13.00 

23 .27 
30.94 
35.88 
38.09 
37 .70 

§Optimum level of nitrogen u se is 84 pounds. 
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Cost of 
nitrogent 

(,J) 
$ 3.00 

6.00 
9.00 

12.00 
15.00 
18.00 

Net r e turn 
from use of 

nitrogen 

( 5) 
~10.0 0 

17.27 
21.97 
23.88 
23.09 
17.70 

P er cent return 
on last dolla r 
invested in 
nitrogen 

(6) 
287 
200 
107 

20 
_ 66 

_ 160 



T able 33. SUBJECTIVE DEMAND S CHEDULES FOR N ITROGEN, AREAS BY T ENUR E, IOWA, 1953. 

Price of Pr ice So il a rea 1. Soi l are a 2, So il a rea 8 
M a rc us -P ri 111g,, a r-n i t rogen corn Price C la ri on- Carring ton- Ave ,·age for 

pe r per rati o , vebst e r C lyde Galva-Sac 3 soil a r eas Over- a ll 
pou n d bushe l x l 00 Owner T e n ant Ow ne r 

$0.06 $2.00 3.0 83 67 80 
0.075 2.00 3. 8 66 54 69 
0.075 1. 50 5.0 51 42 52 
D.1 26 2.00 6.3 40 34 41 
0.075 1.00 7. 5 34 29 34 
0.126 1. 50 8.4 30 26 30 
0.075 0.7 5 10.0 26 22 25 
0.1 26 1.0 0 1 2.7 20 18 20 
0.1 26 0.75 16.9 15 14 1 5 
0. 1 5 0.50 30 .0 9 8 8 

th e marginal. costs and margin al r eturn s from usin g 
fert ilizer, (b ) th eir estimates of returns had been 
based on th e average of th eir first- and second-yea r 
corn r esponse fun ct ion , and (c) price 1·atios were at 
various levels. However, because of th e capita l and 
uncerta inty conditions outlined above, farm ers would 
not necessarily use ferti lizer at the indi ca ted levels. 

This study does, however, p rovide a basis for esti
mating how much nitrogen farmers would use per 
acre of corn if price ratios were at different levels. 
These figures have been used to derive a s1lbjective 
demand curve for nitrogen on corn (pounds per acre). 
It differs from the de1·ived demand curve ( sec last 
section ) in this respect: The subjective demand curve 
indica tes the per-acre level of fertilization fa rmer s sug
gest they actual ly would u se, considering their capi
tal, un certainty and knowledge situations; the de
rived demand curve suggests the level which would 
haYe been most profitable, considering the r estraints 

T e n a nt o,vne r T e n a nt Ow ne r T e n a nt sch edul e 

(pound s o f nitroge n ) 
70 6 2 53 80 66 72 
58 52 46 64 55 59 
48 43 39 49 44 47 
40 36 34 40 37 38 
35 32 31 34 32 33 
32 29 29 30 29 30 
28 26 26 26 25 26 
24 21 23 20 21 21 
19 1 7 19 16 1 7 16 
13 11 14 9 11 10 

mentioned previously. The regr ession equation for the 
subjective demand function is presented below. Q 
refers to the quantity of ammonium nitrate (33 per
cent nitrogen ) and P refers to the price ratio. 3 1 

Q = 65.33 p -o. mz 

The schedul e of quantiti es derived from this equation 
for various price ratios is presented in the last col
umn ( over-all schedule) of t able 33. 'fhese values 
are presented as the lower curve (subj ective demand 
curve) in fig. 9. Th e subj ective demand schedules 
for each of thx-ce soil areas (1, 2 and 8) and by tenure 
group (ovmer and r enter ) whi ch wer e derived from 
similar equations are also presented in table 33. 

"' The pr ice ratio is the r a tio o f the p ri ce o f nitrogen p e r pound 
t o th e p r ic e o f corn pe r bus h e l multipl ied by 100. For ex a mpl e, 
wh e n th e price pe r poun d of nitrogen is $0.06. div idin g $0.06 by 
$2 a nd multi p ly ing by 10 0 y ie lcl s a price r a ti o of 3.0, wh ic h is 
the firs t numbe r l is t ed in the pr ic e r a ti o co lumn of t a b le 32. 

APPENDIX A 

SAMPLING, E STIMATION AND RELIABILITY MEAS1-RES 

SAMPLING PROCEDU RES 

The universe for this investigation is th e state of 
Iowa . Independent estimates for each of the nine 
soil areas in the state were made possible by consider
ing these soil areas separately in the sample design. 
Each .'Oil area was delineated following township 
boundaries; the number of farms within each ar ea 
was extrapo lated from th e 1950 census.32 

Foll owing soil areas and township boundaries, 150 
strata of approximately equal size in number of farms 
( average of 1,355 farms ) wer e created throughout 
the state. 3

'
3 Two sam pling units were drawn from 

each of the strata. '" All zon es, open country, urban 
and rura l areas were sampled . Farms in rural areas 
and urba n locations were identified with open -country 
sampling units lying contiguous to these ar eas. The 
area sampling units wer e ½ to 1½ square miles in 
area. 

This statified random sample design with a con-

""Since r e levant c e n s u s data a r e n ot publi s hed on a t ow n s hip 
bas is , th e numbe r of f a rms for each towns hip was es t im a ted by 
th e to\v ns hip ave rage f o r each county wh e re a county " 'as no t 
entirely in on e soil a rea. 

33Kin g, A. J. a nd J essen , R. J. The m ast e r sample of agri
c u lture . J ou r . Ame r . Sta t . Assn. 40: 38- 56. 194 5. 

3 ·1The ex pec ted s ize of each sa mpling unit w as tw o fa rms. 

stant sampling rate of 1/ 338.6 permits unbiased esti
mates for each soi l area, or any combination thereof, 
by multiply ing the sample total by th e inverse of th e 
sampling r ate, i.e., 338.6. 

Interviewers identified farms in the sample by 
means of the headquarters rule.35 By this method 
each farm had one and only one chance of being in
cluded in the sample. 

Th e total number of farms in th e sample is 532. 
35The fa rm is con s idered to b e in a se g m ent if th e location of 

the fa rm headq u a rte r s lie s w ithin its b o unda ri es. 

T ABLE 1-A. 

N umbe r of 
c~n sus fa nns N umbe r o f Number of 

Soi l a r ea ( 1 950) s tra ta segn1 entst 

1 43,5 1 9 32 64 
2 30,940 23 46 
3 16,153 u 24 
4 3(i, 227 27 54 
4a 14,82 1 11 22 
5 20,411 15 30 
6 15,0 97 11 22 
7 10,966 8 1 6 
8 15,025 11 22 

T o ta l 203,1 59 1 50 300 

tA segm ent is a sam p lin g unit d es ig n a t ed in the sample . 
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Table 2-A. ESTIMATES AND RELATIVE SAMPLI NG ERRORS, NUMBERS OF FARMS AND ACRES PER FARM IN IOWA. 

Ite m 

N umbe r of f a rms 

Ac res in fa rm ___ __ _____ ______ _ 

Sample 
tota l 

532 

10 2,026 

State 
estima tet 

180,13 5tt 

34,546,004tt 

t Obta inecl by mul tipl y ing the sample t otal s by the inverse of the sampling r a te, 338.6. 
tCompute cl by the u se of a n a lysis o f varia nce for a stratified rando m sample. 

Rela tive 
san1pling 

err-or ( % )t 

2.59 

3.74 

95-percent 
confidence 

limits§ 

170,8 04-
1 89,466 

31,961,962-
37,1 30,046 

§The 95- pe rcent confiden ce limits a re calcul a ted: Estima te ± ( 2) (R.S.E. %) (Es tima te) . F or example, "·e a r e 95 percent con
fident tha t the inte r val 170, 8 04-1 89,466 inc ludes the " true" tota l number of f a rms in I owa. 

ttin thi s s tud y, a .11 th e Ja nel o pe r a ted by one pe r son o r p a rtne r s hip was defined as one f a rm if the Ja n el was in Iowa . Since the 
estima te of 34,546,004 ac res in farm ag rees so c losely w ith the 19 50 cen u s fi g ure of 34,26 4,6 39 , it is feas ibl e tha t the di sc repa nc ies 
be tween the 1953 s urv ey estima te of 180, 13 5 f a rms a n d the 1950 cen s us fi g ure, 203, 159, a re d ue to d iffe rences in definiti on and the 
continua l con so lidation of f a rms . 

Information was obtained on 47 of the 532 designated 
for interview. Field substitutions from the nearest 
farm, not in the sample area, were made from 43 
farm · on which information was not obtainable at the 
time of the field work. 36 These figures represent a 
completion rate of 90 percent on the originally desig
nated farms , and 98 percent of all the farms, includ
ing the substitutes. 

E S'l'IMA'l'ION AND RELIABILITY PROCEDU RES 

Unbiased estimates of Iowa totals were obtained by 
multiplying any of the sample totals by the inverse of 
the sampling rate which in this case was 338.6: 

I 50 2 

T = 338.6 L I: X-,; ; 
i = l j = l 

" 'R easons for s ubs titution s we re : (1 ) not a t h om e aft e r three 
calls ( on vaca tion , e tc.), ( 2) illness a nd ( 3) re fu sals (less than 
1 pe rcent of the tota l, however ). Th e r e maining 11 farms we re 
impro pe rly identifi ed or th e inte rviewe1· co u ld no t obta in a proper 
s ubst itution . Informa ti on fro m f a rme r s in the same or ad joining 
segm e nts w e r e randoml y selected for duplicatio n in the t a bu
la tion of the l a. t a for these 11 f a rms. 

where T, fo r example, could be the estimate of the 
total number of the farms in Iowa, and x ; i the total 
number of farms in the j t h segment of the i t h stratum. 

The estimated variance of this estimate is obtained 
from the within-strata mean square in an analysis of 
variance. 

To estimate averages, a ratio estimator was used: 

x = T1 /T2; 
where, for example, x could be the estimated acres 

per farm, T1 the estimated total acres of land in farms, 

and 'I\ the estimated total number of farms. 
The estimated variance of this estimator may be ob

tained through the use of an analysis of variance and 
covariance. 

The follo,ving estimates and relative sa mpling er
rors of these estimates are presented in table 2-A. 3 7 

37 The m ethodology u sed in the es tima tion of a tota l, r e la tive 
sampling error and r a ti o estima t es, may be fo und in: Coch ran, 
\-V. G. Sampling techniques. John vVi ley a nd Sons, Inc., New 
York. 19 53 . 

APPENDIX B 

STATISTICAL SUMMARY OF INFORMATIONAL SOURCES IMPORTANT IN THE ACCEPTANCE 

AND USE OF FERTILIZER 

T a ble 1-B. PERCENTAGE DISTRIBUTION OF FERTILIZER USERS 
SOURCE OF I N FORi\IATION AND EDUCATIONAL EXPERIENCE.t 

Mos t important source of in formation 

Number reporting ____________________ -- - ------------------------------ -
P e r cent -------- ------ - --- - ----------------------------------------------

Noticed bette r s tands o n othe r fa rms ---------------------------------- - -
Other f arm er s to ld a bout hi g he r y ie lds __ ____ _ __________________ _____ _ 
R ea.cling a rtic les in f a rm m agazines a nd paper s ------------------- - - 
Experie nce o n home farn1 before s tarting o n O\vn --------------------
Atte nding fi e ld clays a ncl de mons tra ti ons -----------------------------
F e rtilize r salesma n or deale r -------- - ----- ·- - ---------------- - - --- - --
Atte nd ing m e tings by count~, exten s io n pe r sonnel ___________________ _ 
R ead ing bull e t ins, ! owe, Farin Scien ce a nd othe r mate rials 

from I owa S ta t e Coll ege --------------- - ------------ ----------
Hea r d program o n ra dio or t e le ,·is ion - - ----------------------- -------
Diel not r e me mber ----------------------------------------- - - -- - ---- - -

tX' = 45 .32 *. 
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ACCORDING 

Grade 
school 

li 5 
100 

33 .1 
28 .6 
14. 3 

9.2 
1.7 
5.7 
1.7 

2.3 
1.7 
1.7 

TO MOST IMPORTA NT ORI GINAL 

I•Jd uca ti ona l experience 

Son1e Co mple t ed 
hi g h hi g h Some 
school schoo l college To ta l 

50 115 25 365 
100 100 100 100 

38.0 35. 7 1 2.0 33.2 
14. 0 20.0 32.0 24 .1 
18.0 16.5 32.0 16.7 

8.0 9.6 4.0 8.8 
10 .0 7.8 4.0 4.9 

2.0 2.6 0.0 3.8 
6.0 4.4 o.o 3.0 

0.0 1.7 1 2.0 2.5 
0.0 0.0 o.o 0.8 
4.0 1. 7 4.0 2.2 



T ab le 2-B. PERCENTAGE DISTRIBU TION OF FERTILIZER USERS ACCORDING TO THE MOST IMPORTANT ORIGINAL 
SOURCE OF INFORMATION AND YEARS OF FERTILIZER EXPERIENCE., 

Years of f e rtilize r exp rience 

1 - 3 1 - 7 8 years 
Mos t importa nt source of in fo rma ti o n year s yea rs a nd over T o t a l 

Number r e porting ______________ ______________ __ ____________ _ 114 1 27 12 4 365 
P e rcent ------------------------------------------------------ 10 0 100 1 00 100 

Noticed be tte r s ta nd s on othe r f a rms - ----- - ----------- ------ -- 28.9 33.1 37.1 33. 2 
Othe r f a rmer s t old a bout hi g her y ie ld s ___ ____ ______________ _ 36.0 16.5 21.0 24 .1 
R eading a rtic les in fa rm m agaz ines a nd pa pe r s __ __________ _ _ 11.4 22.1 16 .2 1 6.7 
Experience o n hon1e f a rn, befo re s ta rting o n own ______ __ __ _ 5.3 8. 7 1 2.1 8.8 
Attending fi e ld clays a n d de m on s tra ti on s ______ ___________ ___ _ 6. 1 5.5 3.2 4.9 
F ertil ize r salesman or dea le r ________ ·------------------------ 7.9 0.8 3.2 3.8 
Attending m ee tings by county ex t e ns ion personnel _____ _____ _ 0.0 5.5 3.2 3.0 
Reading bulle tins, I owa Jfarm Scien ce a nd 

o the r m a t e ria ls from I owa S ta t e College _____________ _ 0.9 3.9 2.4 2.5 
H ear d p r ogram. on r a di o or te lev is ion _______ ____ ____ ______ _ 1.8 0.0 0.8 0.8 
Did no t r e m e mber ____ _ -- - ----------------------------- -- -- -- 1.7 3.9 0.8 2.2 

tx 2 = 1 1.43•• . 

T able 3-B. PERCENTAGE DISTRIBUTION OF FERTILIZER USE RS ACCORDING TO THE MOST IMPORTANT ORIGINAL 
SOURC E OF INFORMATION AND YEARS OF FARMING EXPERIENCE.t 

Number 
Percent 

Most importa nt source of informa t ion 

r e porting ------------ -- ------------- - ----------------

Noticed b e tte r s t a nds o n othe r f a rms ---- ----------------- - -----
Othe r f a rme r s told a bout higher y ie ld s _________ __ _______ ____ _ _ 
R ead ing a rticles in fa rm m agazines a n d pape rs ________ ___ _ _ 
Experience o n h ome f a rm before s t a rting on own __ ______ _ _ 
Attending fi e ld - clays a nd de m on s tra tio ns ______ ____ _______ ___ _ 
F ertilize r salesm a n o r dea ler ------------ - - - -----------------
Attendin g m eet in gs by county ext en s ion pe rsonnel __________ _ 
R ead ing bul le tins, Iowa Farm Scien ce and 

o the r mate ri a ls from I owa Sta t e College ____ ____ _____ _ 
H eard prog r a m on radio o r t e levis ion _________ __ _______ ______ _ 
Did n ot r e m e mber -------------- - - -------------- - -----------

tX2 = 35.05** . 

1 - 9 
yea rs 

115 
100 

33.1 
28. 7 
15.7 
11.3 

6.1 
o.o 
1. 7 

1. 7 
0.0 
1.7 

Y ears of fa rm ing experience 

10 - 19 20 years 
yea rs a nd over T o t a l 

l OG 144 365 
100 100 100 

38.7 29.2 33.2 
16.0 26 .4 24 .1 
21.7 13.9 16. 7 

8.5 6.9 8.8 
5.7 3. 5 4.9 
1. 9 8.3 3.8 
0.9 5.5 3.0 

3.8 2.1 2.5 
0.0 2.1 0. 8 
2. 2.1 2.2 

T a bl e 4-B. PERCENTAGE DISTRIBU TION OF FERTILIZER USERS ACCORDING T O MOST IMPORTANT ORIGINAL 
SOURCE OF I NFORMATION BY TENURE GROUPS.t 

N umber 
P ercent 

Most importa 1;1t source of information 

r e po rting----------- - - - ----- - ------------------------

Owne rs, 
pa rt-ow ne rs 

203 
100 

No ticed be tter s t a nds on other farms _________________________ 32.5 
Other farm ers t old a bout higher yields _______________________ 18.3 
Read ing artic les in f a rm magazi nes a nd papers ______________ 19. 2 
Exper ien ce on h om e fa rm be fore s t a rting o n own ___________ _ 7.4 
Atte nding fi,e lcl d ays a n d demon s tra ti ons _____________________ 4 .. 9 
Fertilize r salesm a n o r deale r --------------------------------- 5.9 
A ttending m eetings by co unty ex te n s io n personnel _____ __ _____ 5.4 
Reading bull e tins, I owa Fc,nn Science a nd 

other materials from Iowa S tat e College --------------- 2.9 
H eard program o n r ad io or te lev is ion _________________________ 1.5 
Did n o t r e m e mbe r ______________ -- ----------------------- - ---- 2.0 

tX' = 25 .96 ** 

T enure 

All 
R ente r s f a rmer s 

16 2 3 65 
1 00 100 

33.9 33. 2 
31. 6 24.1 
13.6 16.7 
10.5 8.8 

4.9 4.9 
1. 2 3.8 
0.0 3.0 

1.8 2.5 
0.0 0.8 
2.5 2.2 
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T a ble 5-B. P ERCENT AGE DISTR I BUTION O F F ERT I LIZER U SERS ACCORDI N G T O THE MOST DIPORT AN T ORI G I NAL 
SOURCE OF l NFORl\IATION F OR D I FFER ENT FAR M -SIZE GROU P S. t 

1\1ost iin porta nt source of in fo rma ti on 

N un, be r re po rting -------------- ________________ _______________ _ 
P e rc c n t ____________________________________ __ ________ ____ _____ _ 

No ti ced be tte r s t a nd s on o the r f a rms ------------------------------
Othe r fa r m e rs t old a bo ut hi g h e r y ie ld s _________ . ________ _________ _ 
R ead ing a rti c les in fa rm magaz ines a n d pa pe r s _______________ _ 
Expe ri e n ce on h o me f a rm be f o re s ta rting o n own ___________ _ 
A tte n d ing fi e ld days a n d d e m on s tra ti ons __ ________________ __ _ 
Fe rtili ze r sa lesm a n o r d eale r --------------------------------
A tte n d ing mee tings by county e x t e ns ion pe r s onne l ·------ - --
R ead ing bulle t in s , I oivc, F'arni Science a n d 

oth e r m a te ri a ls fro m Iow a S ta te Co llege _____ ____ _ _ 
H e a rd progra m o n rad io or te le v is ion ---- - --------- --------
Did n o t r e m e m be r ------------- - ----- - -------------------- ----

t X ' =:: 40.16 *. 

139 a cres 
o r less 

81 
1 00 

30.9 
24.7 
13.6 
11.1 

6.2 
8.6 
1. 2 

1. 2 
0.0 
2.5 

S ize 
14 0-189 . a cres 

1 27 
100 

37 .0 
24.4 
15.7 

7. 1 
4 .7 
3.1 
2.4 

2.4 
0.0 
3.2 

o f fa rm 
190- 259 260 acres 

ac res or more 

73 84 
1 00 100 

31. 5 31. 0 
30. 1 17 .8 
19.2 19.0 
1 3. 7 4.8 

1.4 7.1 
0.0 3.6 
4.1 4. 8 

0.0 5.9 
0.0 3.6 
0.0 2.4 

T a b le 6- B. P E R CENTAGF. DISTR I B U TION OF FE:RT I LIZER U SERS ACC ORDING T O MOST Il\IPORTAN T SOU RCE OF IN
F ORMATION AS AFFEC T E:D BY CAPITA L POSITION. t 

Ca p ita l g r oups 
L ess 10,0 00 1 5, 000 30, 000 l\Iore 
th a n t o t o t o tha n 

Mos t im po rta nt source of in forn1 a tion 9,999 14,999 29,999 49,999 5 0,000 T ota l 

N u111 be r r e po rting ---- -- - - - ---------------------------- - -- 89 55 78 59 77 358 
P e rce n t --------------------------- ---------- -------------- 100 100 1 00 100 100 100 

No ticed be t te r s t a n d s on oth e r fa rm s -------------------- 28.1 4 0.0 32. 0 35.6 36 .3 33 .8 
O the r fa rmer s to ld a bo ut hi g h e r y ie ld s ---- --------------- 36.0 18.2 28 .2 1 3.6 16.9 23 .8 
R ea d ing a r t ic les in f a r m m a gaz ines and pa pe rs --- - -------- 1 2.4 18.2 19.3 16.9 19.5 17.0 
Expe ri e nce on home f a r m be fo r e s t a rting on ow n ---------- 1 0. 1 3.6 11. 5 6.8 7.8 8.4 
A ttendin g fi e ld cl ays a n cl d e m on s tra ti ons ------ - -- - -- - ----- 5.6 7.3 3.8 3.4 2.6 4.5 
F e rti l ize r salesn1a n or d ea le r ------------------ - ----------- 0.0 7.3 2.G 11. 9 1. 3 3.9 
A tte n d ing m eetings b y county e x te ns ion pe rsonne l ---------- 1.1 3.6 0.0 1. 7 9. 1 3.1 
R ead ing bull e tin s , I owa Farrn Sci.ence a nd 

o th e r n1a teri a Js fro m I owa S t a te College ---------- 2.2 0.0 1. 3 8.5 1. 3 2.5 
H ea rd progra m on ra d io O J' t elev ision ----------------- - -- 0.0 0.0 0.0 0. 0 3.9 0.8 
Did n o t rem en1ber --------------------·- - --------- - ---- - -- 4.5 1. 8 1. 3 1.7 1.3 2.2 

t X ' = 67. 14 .* 

T a b le 7- B. PERCENT AGE DISTRIBu T ION FOR SOURCE OF I N F ORllIATI ON FERTILIZER U SERS WOU L D SEEK ON A NE, V 
F E RTILIZE R BY E D UCATIONAL EXPERI ENCE.t 

In fo rma ti o n s ource 

N umbe r re po rting _________________________ --- - -- - ----- - --
P e rcent ---------------- - -- - --------------- - --------------

I ow a S t a te Coll eg e - ---------------·------- --- - ----- - - - - - --
Co unty F a rm B urea u ------------------ - --------------- -
F ertilize r dealer or salesn1a n ----------------- - --------- - -
P roduc ti on M a rk e tin g Ad mini s tra ti on of fi ce _____ ________ _ 
L a n d lo rd, n e ig hbo rs , fri ends --------------------- - -------
So il Con ser vati o n Se r vice --------------------------------
Ma g a z in es a ncl ne w s pape rs ------------ - ------------------
Othe r - ------------- - ------------------------- - - - --- - -----
V oca ti o n a l a g ri c ulture d e pa rtment ________________________ _ 
Did n ot know - - ------ - ----------~------------------------

tX' = 45 .67* . 

Gra d e 

175 
100 

39 .4 
1 4 .9 
14 .3 

6.3 
6. 3 
5.2 
1.1 
1.1 
1. 7 
9.7 

So m e 
hi g h 

school 

50 
10 0 

36.0 
16.0 

6.0 
10.0 

4 .o 
4.0 
2.0 
4.0 
0.0 

18.0 

Ed ucat ion a l e xpe ri e nc e 
Co mpl e ted 

hig h 
school 

115 
1 00 

47. 8 
19.1 
1 3.9 

0.9 
1. 7 
1. 7 
4. 4 
3.5 
0.0 
7.0 

Som e 
co ll ege 

25 
100 

80.0 
8.0 
4 .o 
0.0 
o.o 
0.0 
4. 0 
0.0 
0. 0 
4 .0 

T ota l 

365 
100 

44.4 
15.9 
1 2.3 

4.7 
4.1 
3.6 
2.4 
2.2 
0.8 
9.6 

T a bl e 8-B . PERCENT AGE DISTR I BU TION F OR SOU R CE OF I NFORMATION FERTILIZE R l.iSER S W OU LD SEEK ON A NE, V 
FERTIL IZE R BY T EN R E GROU P S .t 

I nforma ti o n source 

N um ber r e po rting ___________________ __________________ __ _ 
P e rcent - - ------------------------------ - ------------- ----

I owa Sta te College -------------------------- - -- - -------
Count~, Farn1 B ureau --- - -------------- - -------- - -- - - -- - 
F e rtil ize r d ea le r o r sales m a n ------- - -~ - --- --- -----------
Prod u c ti on M a rke ting Ad minis tra ti on o f f ice ___ _________ __ _ 
L a n d lo rd, n e ig hbors, fri e n ds ---- - -------- - -- - --- ----------
So il Conse r va t io n Se rv ice -------------------- - -----------
1\1:a gaz in e s a nd ne wspa pe rs ------ - - ----------------- - -- - --
Oth e r ---------------------------------- - -- - -- - -----------
Voca ti on a l agric u lture d e pa rtment __________________ _____ _ 
Diel n o t know ---------------------------------- ------ --

tX' = 17. 75* . 

30 

Own er s, 
part-owne rs 

203 
100 

37 .9 
18. 7 
13 .8 

3.0 
3.4 
4.0 
4. 0 
2.9 
1. 0 

11. 3 

T enure 

R e nte r s 

16 2 
1 00 

52.5 
1 2.2 
10.5 

6.9 
4.9 
3.1 
0.6 
1. 2 
0.6 
7.4 

A ll 
fa rm e rs 

365 
100 

44.4 
15.9 
12.2 

4. 7 
4.1 
3.6 
2.4 
2.2 
0.8 
9.6 



APPENDIX C 

F ERTILIZE R USE E STIMATE S FOR IOWA AND IOWA SOIL AREAS 

Table 1 -C. ESTI MAT ED NUMBER OF FARMERS USI NG FERT ILIZER I N IOWA, 1 953. 

Soil a rea 

1 
2 
3 
4 
4a 
5 
6 
7 
8 

T o ta l 

Sam ple 
t otal 

80 
75 
30 
37 
1 6 
21 
23 
1 7 
29 

328 

S ta t e 
estin1ate 

27,088 
25,395 
1 0,1 58 
12,528 

5,4 1 8 
7,111 
7 788 
5: 756 
9,819 

111,061 

Table 2- C. ESTIMATED T OT A L ACREAGE I N FARM, I OWA, 1953. 

Sam p le S t ate 
So il a rea t o t a l es tima te 

1 22,93 1 7,7 64,437 
2 15,079 5, 1 05,749 
3 7 ,233 2,482,954 
4 15,649 5,298,751 
4a 5,825 1,972,345 
5 9,094 3,079,228 
6 9,529 3,226,5 1 9 
7 7,869 2,664,443 
8 8,717 2,95 1,5 76 

Total 1 02,026 34,546,002 

T a b le 3-C. EST IMATED ACREAGE FERT ILIZED IN I OWA, 1953 . 

Sample S t ate 
So il a r ea to t a l es t imate 

1 6,306 2, 135 ,21 2 
2 5,22 1 1,767,831 
3 1,383 468,284 
4 1,890 639.9 54 
4a 58 9 199,43 5 
5 704 238,374 
6 1. 052 356 .207 
7 1,4 13 478,44 2 
8 2,545 861,737 

T o ta i 21,103 7,145,476 

Tabl e 4-C. ESTI!IIA T ED CORN ACREAGE FERT ILIZED IN IOWA. 1953. 

Sample S t a te 
Soi l a rea tot a l es t imate 

1 3,892 1,317,831 
2 3,94 1 1,33 4,4 23 
3 1,065 360,609 
4 1,2 44 42 1,21 8 
4a 410 138,826 
5 323 109,36 8 
6 73 8 249 ,887 
7 82 3 278,668 
8 1,074 363,656 

T ot,il 1 3,5 10 4, 574,486 

R ela t~,e 
san1pl ing 
erro r ( % ) 

7.81 
8.94 

1 2.02 
20.85 
25.00 
1 9.63 
1 5.68 
22 .01 

9.1 2 
4.1 7 

R e la ti ve 
sam p ling 
e r ro r ( % ) 

5.94 
13.55 
14.27 

7.48 
21. 99 
14.07 

7.49 
16.90 

8. 16 
3.74 

R e lat ive 
sam pling 
e r ror ( % ) 

1 2.19 
12.91 
22 .02 
20.23 
66 .1 0 
31. 58 
27.73 
24.3 8 
19.11 

6.57 

R e lat ive 
san1p ling 
er ror ( % ) 

1 6. 1 9 
14.30 
20 .95 
21.20 
91.4 4 
57.61 
38.93 
34.76 
30.1 9 
8 .43 

95 - pe rcen t 
co nfiden ce 

li m its 

22,857 - 31,3 1 9 
20,854 - 29,936 
7,71 6 - 12,600 
7.304 -17,752 
2,709 - 8, 1 27 
4,3 1 9 - 9,903 
5,346 - 10 ,230 
3,222 - 8,290 
8,028 - 11 ,61 0 

101, 799 -1 20 ,323 

95- pe rcent 
con fide nce 

li m its 

6,842,090 - 8, 686,783 
3 7?? ??9 - 6,489,269 
1 '.774'.264 - 3.1 91, 644 
4,506 , 089 - 6,09 1,414 
1,1 04,852 - 2,839,838 
2 212 75 1 - 3,9 ,15,70 6 
2'.743:337 - 3,709,702 
1,763,767 - 3,565,11 9 
2,469,748 - 3,433 ,404 

31,961,808 - 37, 1 30, 1 99 

95-percent 
confid e n ce 

lin1its 

1,614,783 - 2,655 ,640 
1,311,398 - 2,224,263 

262,076 - 674,49 1 
380,925 - 898,830 

0 - 463 ,205 
87,697 - 389,051 

158,803 - 553,611 
245,146 - 711,737 
532,279 - 1,191, 1 95 

6,206 ,5 38 - 8,084,414 

95-pe rcent 
co nfi den ce 

lin1its 

891,195 - 1,744, ,167 
952, 82 0 - 1,716,025 
209,593 - 511,625 
242,776 - 599,6 61 

0 - 392,776 
0 - 235,327 

55,19 2 - 444,582 
84,989 - 472,347 

1 44,244 - 583,069 
3,803 ,155 - 5,345,81 7 

T ab le 5- C. EST IMAT ED NUllIBER OF FARMS USING FERTIUZER ON \'ARI OUS CROPS IN IO"W A, 1 953. 

Crop group 

Corn ____ ____ ___ ______ ______________________ ____ _ _ 
S m a ll g r a in a n d meadow seeding _________ _______ ____ _ 
Small g ra in a nd gTeen n1anure seed ing _____ ____ ____ _ 
S m a ll g r a in w itho u t seed ing _____ ______ ____ _______ _ 

L e g u n1e --------- - ------------ - ---------- - ----------
P e r man e n t pasture __ -- - - - - ------- - - - -------- - --- - -
Rotati on pasture ------------------------ -- ----- ---
Oth e r c rops ____ _ __ - ---- -- -- -- - - - -- -- - --- - --- - - -

Sa m p le 
t o ta l 

269 
1 39 

1 6 
57 
40 
10 
1 7 
20 

Sta t e 
estima t e 

91,083 
47,065 

5, 418 
1 9,300 
1 3,544 

3,386 
5,756 
6,772 

R e la ti ve 
san1pling 
e rror ( % ) 

4.51 
7. 1 6 

25 .00 
1 2.77 
14. 14 
31. 6 2 
24 .25 
25 .98 

95-pe rcen t 
confidence 

lin1i ts 

82,867 - 99 ,299 
40,325 - 53,805 

2,709 - 8,127 
14,37 1 - 24 ,229 

9,7 1 4 - 1 7,374 
1,245 - 5,5 27 
2,964 - 8,5 48 
3.253 - 1 0,29 1 

31 



00 
N> 

Soil 
a rea 

- --
1 
2 
3 
4 
4a 
5 
6 
7 
8 

T o ta l 

Soi l 
a rea 
---

1 
2 
3 
4 
4a 
5 
6 
7 
8 

Tota l 

Sa111ple 
t o ta l 
( lbs.) 

69.403 
44,01.'i 

8, 66 8 
20. 398 
18,779 

7, 57 2 
28,504 
23,032 
2 ~- 5 91 

248,961 

Sa111ple 
tota l 
( lbs. ) 

90, 825 
56, 111 
11,378 
25.630 
19 .930 

9,694 
30,692 
31,051 
47,353 

322, 664 

T a b le 6-C. ESTIMATED QUANTITIES OF PLANT FOOD APPLIED ON CORN ACREAGE FERTILIZ E D, IOvVA, 1953 . 

Nitrogen Phosph a te Potash 
R e la tive R e la tive R e la tive 

State sa111pling 95- pe rcent Sa 111ple Sta te sampling 95- pe rcent Sa111pl e State sampling 95-pe rcent 
es ti111a t e erro r confidence to t a l estimate e rror confidence to t a l es tima t e e rror confid e nce 

( lbs.) (pe rcent) limits (lbs. ) ( lbs . ) (pe r cent ) lin1its ( lbs.) ( lbs.) ( pe rcent ) limits 

23,499,85 6 16.95 15,533,275 - 31, 466.437 83.97 5 28 ,433,935 15. 23 19,77 2,88 6 - 37,094,984 52,4 88 17,77 2,43 7 16.61 11,868,269 - 23 ,676,605 
14,903,140 19.71. 9,028 ,4 30 - 20,777,850 89,348 30,25 3, 23 3 13.08 22 .339,13 5 - 38,167,331 78,412 26, 550,303 1 2.51 19,907 ,310 - 33, 19 3,297 

2, 93 4,985 26. 11 1,402,481- 4,467,488 19,872 6,728,659 23.26 3,598,64 1 - 9,8 58,678 15. 168 5,1 35,885 26.27 2,437,581 - 7,834,1 88 
6,906,763 22.70 3,770,9 88 - 10,042, 537 25, 1 26 8,50 7,664 22 .08 4.750,558 - 1 2,2 64,769 11,703 3,9620636 24 .32 2,035,325 - 5,889, 94 7 
6,35 8,569 63.71 0 - 14 ,46 0, 590 10,0 20 3,3n.112 63 .26 0 - 7,685,204 5,76 0 1,950,336 100 .00 0 - 5,851,008 
2,563 ,879 59.02 0 - 5,590,286 7,025 2,378,666 50.47 0 - 4,779,678 6,317 2,138,936 55.86 0 - 4,189,836 
9,651,454 32.4 9 3,3 79,905 - 15,923, 004 3,564 1, 206,770 46.78 77 ,8 78 - 2,335,663 384 130,022 100.00 0 - 390,067 
7,798,6~5 34 .29 2,450 ,44 8 - 13,146,8 22 14 ,500 4,909,700 4 2.08 777,764 - 9,041,636 -------- -
9,680,913 22.80 5,266,5 84 - 14,095, 24 1 26,1 88 8,8 67, 257 41.40 1,525, 054 - 16, 209,459 1, 41 4 478,78 0 78 .78 0 - 1, 233 ,1 81 

84,298,194 9.79 67,792,460 - 100, 803,92 9 279, 61 8 94,678,655 8.4 8 78,621,227 - 110,736,083 171,646 58, 119 ,336 9.10 47 ,54 1,47 2 - 68,69 7, 200 

T a b le 7-C. ESTIMATED TOTAL QUANTITY OF PLANT FOOD ON A LL .A CREAGE FERTJLIZED, IOWA, 1 953. 

N itrogen P hospha te Potash 
R e la tive R e la tive R e la ti ve 

Sta te sa111p li n g 95- pe rcent Sample Sta t e san1pling 95- pe rcent Sample State sampling 95-pe rcent 
es tima t il erro r confidence t o t a l estin,a te e rror confid e nce to tal estimate e rro r confide nce 

(lbs .) (pe rcent ) limits ( lbs.) ( lbs . ) (percent ) limits ( lbs.) ( lbs.) ( pe rcent ) limits 

30,753,345 15.4 2 21, 269,013 - 40,2 37 ,67 7 178,308 60,375,089 10.90 47,213,368 - 73, 536,809 64,2<14 21. 753,018 17.81 14, 044,496 - 29,50 1,541 
18,9 99,1 85 17.4 2 12, 379,8 69 - 25,6 18,5 01 135,055 4 5.729,623 10.86 35,795,438 - 55, 66 3,808 96,023 32,513,388 1 2.91 24 .11 8,478 - 40,908,298 

3, 85 2,591 26.4 4 1, 815, 34 1 - 5,889,84 1 29,667 10,045,246 24.89 5,0 44,8 01 - 15.045,691 15,807 5,352,250 25.68 2,603,495 - 8,101,005 
8,678 ,318 18.58 5, 453,455 - 11.903,181 51,453 17,42 1,986 23.20 9,338,2 49 - 25,5 05,722 14 8 28 5,020,7 61 25.79 2,43 1,148 - 7,610,374 
6,748,298 58.99 0 - 14,710,615 15,301 5.180,919 41.84 845,4 84 - 9,5 16,353 6. 37 4 2, 158,23 6 90.62 0 - 6,069 ,744 
3,282,38 8 46 .99 197,600 - 6,367,176 22,373 7,57 5, 498 26.74 3,524,149 - 11,626,847 7,1 81 2,431,4 87 45.07 2,39 1,288 - 4,6 23,2 44 

10, 392,3 11 30.22 4,111,198 - 16,673,42 4 13,837 4,6 85,208 38.73 1,056,093 - 8.314,323 38 •1 130,02 2 100.00 0 - 390,067 
10,513,869 31. 77 3,833,35 7 - 17 ,19 4,38 1 35,8 13 1 2,126. 282 22 .64 6.635, 54 4 - 17,617 ,019 -------- -
16. 033,726 17.2 9 10,489,264 - 21,578,188 78,659 26,633,937 25.32 13,146,4 84 - 4 0.121,391 3, 588 1,214 .819 59.14 0 - 2,651,915 

109. 254, 031 8.39 90 .921,205 - 127, 586,85 7 56 0,466 189,773,788 6. 58 164,7 99,667 - 214,747,908 208,1 29 70 ,574 .0 59 9.16 57, 644,95 7 - 83 ,503, 16 2 



APPENDIX D 

SUMMARY OF STATISTICAL ANALYSIS- QUAN TI'l'ATIVE RELA'l'IONSHIPS OF F ACTORS RE
LATED TO :F'ERTILIZER USE 

T a b le 1-D. CORR E L A TION COEJ,,FICI ENT S, T ONS FERT ILI ZER USED, OvVNER-OPEfAT ED FARMS, I OWA, 1 953. 

x , x, X. x. X o y 

X 1 == Capita l inves tment __________ _ 1. 0000 0.1 21 3 - 0.0609 - 0.0200 0.3782 0.5749 0.3484 X, == E quity r a ti o ________________ _ 1. 0000 - 0.0496 - 0.2256 - 0.0932 - 0. 2505 -0.1 708 
X

3 
== Cer ta inty r a ti o _____________ _ 1. 0000 0.3806 - 0.0 484 - 0. 11 48 - 0.0946 

X., == S k ewn ess ___________________ _ 1. 0000 0.01 50 0.1540 0.1 090 
X s == Fer tili zer u sed in 1 952 ______ _ 1. 0000 0.4 08 1 0.5506 
X o = Acres in f arn1 ______________ _ 1. 0000 0.6316 
Y == T on s fertilizer per fa r m _____ _ 1.0000 

T a ble 2-D. S T AND ARD PART IAL REGRESSI ON COEFFICI ENT S AND t VALUES, T ONS FERT ILIZER U S E D, OvVNER
OPERAT ED F ARMS, I OWA, 1953. 

Y == T on s fe rtili z e r u sed p e r far m 

X, == Capita l inves tment ---------------------------------
x~ = E quity r a tio ------------------------------------ - - -
X 3 == Ce rta inty r a tio -------------------------------------
X, = S kewness _ _ -------------------------------------
X 5 == Fert il ize r u se d in 1 952 ------------------------------
X 0 =-= Acres in f a r n1 ---------------------------------------
M ulti ple corre la ti on coeffi c ient (R) _______________________ _ 

x, ------------------------------------------------------
x. ------------------------------------------------------
x. -------------------------------------------------------
M ulti p le corre la ti on coeffi c ien t (R) _______________________ _ 

Correla ti on 
coefflc ie n t 

rty 

0.34845 
-0.1 7085 
-0.094 63 

0.10902 
0.55057 
0.63 1 60 

0.34 84 5 
0.55057 
0.63 1 60 

S ta n dard 
parti a l 

regress ion 
coeffic ients 

B, 

- 0.1 0162 
0.0 160 1 

- 0.036 43 
0.036 10 
0.370 66 
0.533 1 9 
0.71 4 

-0.1 0099 
0.36871 
0.539 1 7 
0.712 

Values of 
t for 

regress ion 
coeffic ient 

0.86 
0.1 6 
0.35 
0.36 
3.73 
4.29 

0.93 
5.67 
5.75 

T a.bl e 3-D. CORRELATION COEFFICI ENT S, T ONS OF FERTILIZER USED , T ENANT-OPERAT ED FARMS , I OW A , 1 953. 

x, x, x , x., Xo x. x. Yo X10 y 

X, == E x pec te d price of corn ______ 1. 00 00 - 0. 1441 - 0.077 6 -0.0467 - 0.2233 -0.1 351 - 0.0539 -0.109 0 -0.11 25 - 0.1 274 
X, == Capita l in vestme nt --------- 1. 0000 - 0.0989 - 0.01 08 0.01 70 -0. 051 0 0. 11 01 0.1 047 0.22 1 7 0.2 608 
X 3 == E quity r a ti o ---------------- 1. 0000 - 0.024 6 -0.0066 0.0266 - 0.2217 0.074 6 0. 0222 -0.094 7 
X. == P rice r a n ge ---------------- 1. 0000 0.98 34 0.1 220 0.094 0 -0.0187 -0 .11 98 0.0 1 08 
X , == Certa inty r a tio ------------- 1. 00 00 0.14 7 5 0. 111 8 -0.000 1 - 0.0 933 0.0278 
X

6 
= S k e w n ess ____________________ 1. 0000 -0.0072 0. 178 6 -0.0820 -0.03 71 

X 8 == E x pect ed y ie ld r esponse 1. 0000 0.0009 0.1 21 4 0.2188 
X 0 == Fertilize r u sed in 1 952 ________ 1. 0000 0.0360 0.3893 
X10 == Acres in farm _____________ __ 1. 0000 0.3 1 55 
y == T on s fe rtilize r p e r f a r m ------ 1. 00 00 

Table 4-D. S T AND ARD PART IAL REGRESSION COEF F I CIEN T S AND t VAL UES, T ONS FERTIL IZE R U S E D, T ENAN'J'
OPER A T E D FARMS, I OW A, 1 953 . 

Y == T o n s fertili zer u sed p e r fa rm 

X 1 = Expecte d price of corn -----------------------------
X 2 == Ca p ita l investment ---------------------------------
X 8 =: Expec te d y ie ld r espon se ----------------------------
X 9 == Fertili zer used in 1 952 ---------------------- --------
X 10 = A_c res in farin -------------------------------------
M ultiple r egr e ssion coeff icient (R) ------------------------

~: =~======================== ===============· ============ x. -·· ----------------------------------------------------
X ,o - - . - ___ -- -- ---- -- --- --- - -----·-- - ----- -- -- - ------------
M ui ti ple regr ess io n coeffic ient (R) ------------------------

Corre la ti on 
coeffic ie n t 

r1y 

- 0.1 2740 
0.26079 
0. 21878 
0.38928 
0.31 552 

0.26079 
0.21878 
0.38928 
0.31552 

Sta n dar d 
parti a l 

regress ion 
coeffic ie n t 

B , 

- 0. 0 2588 
0. 13750 
0. 1 6848 
0.38 1 83 
0.27541 
0.558 
0. 14 037 
0.1 6928 
0.38443 
0.27768 
0.558 

Values of 
t f o r 

reg ress ion 
coe ffic ie nt 

0.24 
1 .24 
1.57 
3.55 
2.50 

1.28 
1. 59 
3.62 
2.55 

T a ble 5-D . A DDITIONAL T ONS OF FERT I LIZE R USE, T ENANT-O P ERAT E D F A R MS, ASSOCI A TED WITH $1,000 I NCREASE 
IN CAPITAL I NVEST MENT , I OW A. 1 953 . 

Exis ting 
capita l 

in ve s t ment 

$ 5,000 
7,500 

11,168 
1 2,500 
1 5,000 

A d d ition a l ton s of fe rti liz e r u sed 

Ave r age fo r 
a ll fa rms 

0.1 21 
0.086 
0.06 1 
0.055 
0.047 

pe r $1,000 inc r ease in capita l 
Half t h e 

ave rage f o r 
a ll f arm s 

0.066 
0.047 
0.033 
0.030 
0.026 

in vestment w ith o the r f act o r s '1.t : 
50-pe rcent-g reat e r 
tha n the ave r age 

for a ll fa rm s 

0.1 74 
0.1 23 
0.088 
0.080 
0.068 
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Table 6-D. ADD [TIONAL T ONS OF FF:RTILIZER USE PER TENANT-OPERATED FARMS, ASSOC I ATED WITH A 1-BUSHEL 
INCREASE IN EXPECTED YIELD RESPONSE OF CORN, IOWA, 195 3. 

Addition a l to n s of f e rtilize r u se pe r bus h e l inc rease in yi e ld r espo n se, w ith othe r f actors a t: 
·Expec t ed corn
y ie ld r espon se 

(bu s h e ls) 

H a lf the 50-pe r c e nt-greate r 
A ve rage for ave r age for than the a ve rage 

a II far m s a ll fa rms for a ll fa rms 

10 
1 5 
17 .73 
20 
25 

0 .0845 
0.06 11 
0.0534 
0.04 86 
0.0406 

O. Ob4 
0.0342 
0.0300 
0.0272 
0.022 8 

0.11 84 
0.08 56 
0.0749 
0.06 80 
0.0 569 

Table 7- D. ADDITIONAL TONS OF FERTILIZER U SE PER TENANT-OPERATED FARi\I ASSOCIATED W ITH A 1-ACRE I N 
CREASE I N SIZE OF FARlVI, IOWA, 1953 . 

S ize o f f a rm 
( a c res ) 

100 
1 40 
174.7 
200 
250 

Addit iona l tons o f fe rtiliz e r u sed pe r ac r e inc rease in fa rm s ize wi th 
H a lf th e 

Aver a ge for average for 
a ll far m s a ll farms 

0.0199 
0.017 2 
0.01 54 
0.01'1 8 
0.0 13 4 

0.0144 
0.0124 
0.0113 
0.0106 
0.0097 

o the r fa cto r s a t : 
5 0- pe r c e n t- g rea te r 
th a n the a ve rage 

fo r a ll farm s 

0. 0241 
0.020 8 
0.01 89 
0.017 8 
0.016 2 

T a b le 8 -D. CORREL A TIO N COEFFICIENT S . POU NDS OF NTI'ROGEN U SED PER A CRE OF CORN, OWNE R -OPERATED 
FARMS, l OWA, 19 53. 

x , X 3 X1 X o X o x, X s y 

X , = Expec te d pr ice of corn ________ 1.0000 0.0065 - 0.0 239 - 0.130 8 - 0. 333 5 - 0.53 21 0.11 29 0.1366 0.0453 
X 2 = C a p ital in ves tme nt __________ _ 1. 00 00 0.0075 0.0650 0.074 0 0.162 3 0.0 27 2 0.1035 0. 2739 
X 3 = Equ ity r a tio ---- - - - ---------- 1.0000 - 0.1479 - 0.1367 - 0.14 52 -0.3461 -0.00 51 - 0.2637 
X, = Price range _________________ _ 1.0000 0.976 7 0.4 580 0. 28 30 0. 259 1 - 0.0879 
X 5 = C e rtainty r a tio ______________ _ 1. 0 00 0 0.5564 0. 251 8 0.2136 0.0863 
X

0 
= Ske w ness ___________________ _ 1. 0000 0.1906 0.1 217 0.0890 

X , = Expec te d y ie ld unce rta inty ___ _ 1.0000 0.2500 0.3657 
:X., = Expected y ie ld r e spo n se _____ _ 1.0000 0.0 032 
Y = Lbs . nitr ogen p e r acr e o n corn 1.00 00 

T a b le 9-D. STANDARD PARTI AL REG RESSI ON COEFFICIENTS A N D t VALUES, POU NDS OF NITROGl~N U SED PER 
ACR E OF CORK , OWNER -OPERATED FARMS, IOWA, 19 53 . 

Y = Po und s nitl'og n per ac l'e 

X '.! = Capital in ves tn1 ent ________ ___________ __._ ______________ _ 
X 3 = Equ ity r a ti o ____ ___ ------------------------------
X , = Y ie ld respo n se un ce rta inty ____________________ __ ____ _ 
)Iultipl e co r re la ti o n coeff ic ie nt (R ) _______________________ _ 

Con-e la ti o n 
coeffi c ie nt s 

l 'iy 

0. 273 86 
- 0.26 3(; 5 

0.36 573 

Sta n d a rd 
p a r tia l 

regress ion 
coeffi c ie nts 

B; 

0.266 83 
- 0. 1 6086 

0.30 28 0 
0.4756 

Values of 
t f o r 

reg1·ess ion 
coeffi c ie n t 

1. 92 
1.09 
2. 04 

T a b le 10-D. STA NDARD PARTIAL REGRESSION COEFFICIENT S AND t \ ' A.LU ES, POUNDS OF N ITROG EN U S E D PER 
A CRE OF CORN, TENA N T-OPERA TED FARMS, IOWA, 1953. 

Y = P ound s ni tro ·en pe r ac r e 

X , = Expect ed price corn ----------------------------------
X , = C a pita l im·es tme n t ____ --------------------- --------
X7 = Yie ld r espo n se uncertainty __________________________ _ 
:X., = Expect ed y ie ld r espo n se -- - - -------------------------
Mu lt ip le corre la t io n c oeffi c ie nt (R ) _______________________ _ 

x , -- -- ------------ ------------ ---- ------ ----------------
X - ----------------- --------------------------------------
X s -- -- ---- ----- -- -- - ----- -- -- -- ------ -- ------ - _ ------- __ _ 
M ulti p le corre la tion coe ffi c ie nt (R) _____ ____ _________ _____ _ 

Corre la t ion 
coeft' ic ients 

r 1r 

- 0.104 95 
0.147 55 

- 0.211 98 
0.14 87 9 

0.147 55 
- 0.211 98 

0.14 879 

Sta n d a r d 
parti a l 

r eg ress ion 
c oe ffi c ie nts 

B i 

-0.07i3 2 
0.11 4 23 

- 0. 23 1 56 
0.1612 8 
0.3 1 3 
0.12 5 27 

- 0. 23110 
0.1664 2 
0.304 

Values of 
t for 

regress ion 
. coefli<: ie n t 

0. 57 
0. 85 
1.7 2 
1.19 

0.9 4 
1. 73 
1. 24 

Table 11-D. ADDITIONAL PO N DS OF N ITROG EN U SED P ER A CRE OF COR N A SSOCIATED WITH $1,000 I N CREAS E IN 
CAPITAL INYESTMENT. TENA NT- OPERAT ED FARMS, IOWA, 1 953 . 

Ex is t ing 
capita l 

in vestn1e n t 

$ 5,000 
7.5 00 

11.460 
12, 500 
1 5.000 
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Add ition a l po un d s of nitrog e n u se d pe r a c r e pe r $1,000 inc rease in-i n ves tme nt, w ith o the r fac to r s a t : 
H a lf the 50- pe rcent-g reater 

Ave r a g e for a v e r a g e fo r th a n th e ave rage 
a ll fa rms a ll farms for a ll fa rms 

0.305 
0. 217 
0 .1 52 
0.142 
0.1 21 

0.293 
0.209 
0.147 
0.136 
0.117 

0 .31 2 
0. 22 2 
0. 1 56 
0 .14 5 
0. 1 25 



Table 12-D. CORRELATION COEFFI C I ENT S, rOUN DS OF N ITROGJ,;N USED rER ACR E OF CORN, T ENANT-OPERAT ED 
FARMS. I OWA, 1 953. 

x, X:..i :X.1 x, X,i x, x. y 

X, = Expec ted price of corn ________ 1. 0000 - 0. 1495 - 0. 10 03 - 0.0178 - 0.2294 -0 .2008 - 0.0 11 5 -0.0 819 - 0.10 50 
X1 = Cap i ta l in vestn1ent ____ ______ _ 1.0000 - 0. 1 029 - 0.014 7 - 0.0194 - Q. 0799 -0.0226 0.1026 0.1476 
Xa == Equity ratio ______ __________ _ 1.0000 -0 .054 9 - 0.0 l 95 -0.04 08 - 0.0433 - 0.271 2 - 0.002 8 x . =- P ri ce ra n g-e _________ __ ______ _ 1.000 0 0.977 1 0. 1 087 0.1 88 1 0.2042 - 0.09 28 
X, = Ce rta int)· r a ti o __________ ____ _ 1. 0000 0.14 83 0.1. 84 9 0.21 86 -0.0654 
Xi; = Sk ewness __ ___ ______________ _ 1. 0000 0.0 571 - 0.0476 -0.06 83 
X, = Expect e d y ie ld u nce rta in ty ___ _ 1.0000 0.1319 - 0.2120 
X 8 = Ex pec t ed y ie ld respon se _____ _ 1.000 0 - 0.14 88 
Y = Lbs . nit rogen pe r a cre on corn 1. 0000 

T a bl e 1 3-D. ADDITIONAL POUNDS OF N ITROGEN USED PER ACRE OF CORN ASSOCI A T ED vVITH A 1-BU SHEL I NCREA SE; 
I N EXT'ECTED YIELD RESPONSE. T"II:NANT -OPERATED FARllIS, l OWA, 1 953 . 

Expec t ed 
y ie ld 

response 
( bus h e ls) 

5 
1 0 
1 8 
20 
25 

Addition a l pou nds of nitrogen used pe r acre pe r bus h e l y ie ld respo n se, 
Ha lf the 

Avera ge f or aver ag·e fo1· 
a ll fa rms a ll f a rms 

0.398 
0. 23 7 
0.155 
0.142 
0.120 

0.388 
0.23 2 
0.15 2 
0.1 39 
0.118 

w ith o the r f act ors a t : 
5 0-percen t- g reat c r 
tha n th e average 

fo r a ll fa rm s 

0.3 14 
0.1 87 
0. 1 22 
0.11 2 
0.095 

T a.b le 14-D. CORRELATION COEFFI C IEN TS, DIFFERlI:XCJ;; BETWEfi:N EST IMATED MOST P R OFITABLE EXPENDIT URJ•; 
J<'OR FERTILIZER AND ACTUAL, EXPENDITU RE FOR FERTILIZER OWN GR-OPERATED FARMS, IOWA, 19 53 . 

x, x" x, x, Xn y 

X1 = F e rtilize r use expe rience ____ _ 1. 0000 0.0 88 0 0.099 -1 - 0.099 8 - 0.0749 0.27 77 - 0.0780 
X, = Capita l in vestment ___ _____ __ _ 1. 0000 0.0508 0.0 920 0.1 039 0.17 4 6 0. 206 5 
:X:o = Eq u ity r at io _________ __ ____ _ _ 1. 0000 0.0314 - 0.04 77 0.0789 - 0.2161 
X, = P r ice r a n ge __ __ _____ __ ______ _ 1.0 000 0.9745 - 0.0102 0.0 832 
X, = Ce r t a in ty r a tio _____ ________ _ _ 1.0000 - 0.0287 0.0983 
~• = ~ia !1ure u se~ pe r ac r e _______ _ ): = Diffe re n ce __ _____________ _ 

1.0000 - 0.01 33 
1.0 000 

T a b le 1 5-D. S T ANDA RD PARTIAL REGRESSION COE;FFI CilcN TS A , D t YJ\LUES, DIFFERENCE BETWEEN ESTillIATED 
i\l OST P R OFITABLE FERTILlZE:R EXPENDITU RJ~ AN D ACT UA L FERTILIZER II:XPEN DlTURE, OW N ER-OPERATED 
.l'"ARMS. row J\, 19 53 . 

Y = D iffe re nce be tween ac tua l f e r ti l ize r u se a n d 
fa rme r s ' est imate of 111 os t profita ble u se 

X, = Ca pita l in ves tme nt ------------------- - ------------- _ 
X:1 == Equ i ty ra t io ----------------------------------------
X,. = Ce rta inty r a ti o ________ ------------------------------
~fultipl e ,·egr ess io n coeffi c ient ( R } _______________________ _ 

x, ------- --------- --------------------------------------
x,. -- -- --- - - --- ---- - -- -------- --- -- -- ----- --- - - ---- -- -- - - -
Mult iple reg ression coeffi c ient (R ) -- --------· ______ _______ _ 

Con·e la ti o n 
coeffici e nt s 

l' i y 

0. 206 4 9 
- o.216on 

0.09833 

0.2064 9 
- 0.21609 

Stand a r d 
pa rti a l 

regTess ion 
coeffi c ie nt s 

B, 

0.211 01 
-0.223 67 

0.06574 
0.314 
0. 21802 

- 0.22 716 
0.307 

Values of 
t f o r 

regression 
coeffi c ie nt 

1.85 
1.97 
0.58 

1. 94 
2.00 

!'ab le 1 6- D. CORREL ATION COJ,JFFIC I EN TS, DTF'F l.:RENC],: B ET'Wls E N FJ\Ri\IE.RS' EST H,J AT J•:S OF l\IOST P ROF'I'l'ABLE 
,f,' ];;RTTLlZER E XPENDI T U R E .AND .ACT U AL EXPENDITURES, TENANT -OPERA'n:D FARMS. IOvV A, 19 53 . 

X 1 == F e rtilize r use expe ri ence ____ _ 1. 0000 
X , = Capita l in ves tment ___ _______ _ 
:X:'I = "P;quity ra ti o __ _______ _______ _ 
X, = P ri ce ,·a n ge __________ ___ ____ _ 
X ,, = Ce rtainty r a ti o ______________ _ 
~ 1; == ~;[a ~ure use~ per acr e _____ __ _ , = Diffe r e nce ________ _____ __ _ 

0.2138 
1.0 000 0.094 ,1 

1.000 0 
1. 00 00 

x ,. 

1. 00 0 0 

Xo 

- 0.03 58 
0.2724 

1.0 000 

y 

- 0.20 9,1 
0.146 3 

- 0.064 2 
0.0156 
0.0199 
0. 2253 
1.0000 

T a ble 17- D. S T AND AHD PARTI AL REGRESSION COEFFICIE:--ITS, AND t \ .A l ,lfES, DIFFERENCE BETWEEN FARl\IERS' 
ESTlil ! ATES OF MOST PROFITABLE FERTILIZER EXPENDfTl JR J,; AND ,\ C T lJA L EXPENDITURE , TENANT-OPERAT ED 
11'A RllfS. row A, 195 3. 

Y = Diffe r e n ce be t"·een actua l fe rtil ize ,· u se a n d 
farm e rs' estima te of m os t profita b le u se 

X 1 == F e rti li ze r use ex pe ri e nce -------- - -------------------
X:! == Cap ita l inves tm ent ----------------------------------
X6 = 1\1anure used per acre _____________________________ _ 

:\[ultipl e co r rela. ti on coeffi c ient (R) __ ______ _______________ _ 

Con e la ti on 
coeffi c ients 

l
0

il' 

- 0. 20 93 8 
0.1463] 
0. 2 2 5 2 5 

S t a nda rcl 
pa rti a l 

rcg-ress ion 
coeffi c ients 

B; 

- 0. 234 82 
0.1484G 
0.176-11 
0.33 3 

Va lues of 
tfo r 

regression 
coeffic ie n t 

2.05 
1.3G 
1.6 5 
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T able 1 8-D. CORRELATI ON COIJ:FFICIENT S, PERCENT OF ADD LTlONAL $1,000 AVAI LAB LE FOR FARM BUSI NESS T HAT 
OW NER -O P ERAT OR WOULD SPEND FOR FERTILIZE R, IOWA, 1953. 

X 1 = F ertili zer used curren t year ---------- - - - -------------------
X, = Capita l im·estme n t ----------------------------------------
Xa = Cap ita l in vest ed in l ivestock -------------------------------
y = Pe rcent of add iti on a l $1,000 opera t o r wou ld spen d fo r f e rti l izer 

x, 

1. 0000 

x, 

0.4669 
1. 0000 

X:.i y 

0.5963 0.3003 
0.6706 0.0286 
1. 0000 0.14 41 

1.0000 

Tabl e 19'.D. CORHEL A TlON COEFF[C l EN T S, PERCEN T OF ADDITIONAL $1,000 A \ "A ILAB LE FOR. FARJ\I BUSl N li:SS THA T 
T ENANT-OPERATOR WOUL D SPEND FOR FERTTLIZER, I O W A, l n53 . 

X , = F e l' t ili zer used current yea r _____________________ _ 
X'.! = Capita l in vestmen t - -- ----------------------------
X:1 = Capita l in ves ted in lives tock ________ ____________ _ 
X, = Ex pec ted y ie ld respons e ------------ -------------
y = Pe rcent of add itio n a l $1,000 oper a tor wo uld 

s pe n d fo r f e r t ili ze r ----------- - - -------------

1.0000 

x, X:1 

0.2799 0.0635 
1. 0000 0. 75 68 

1. 0000 

x 4 y 

- o.02oi 0.2469 
0.0159 0.4096 

- 0.0233 0. 2189 
1. 0000 0.1 026 

1. 0000 

T able 20 -D. ST ANDARD PARTIAL REGRESSION COEFFICI ENT S 1\ND t \'A LU ES. PER CENT OF 
AVAILAB LE FOR FARi\l BUSI N E SS THAT T ENAN T -OPJ~RAT OR W OU L D SPEND FOR FERTJLlZJ,;R, 

ADDJTIONAL $1,000 
J O W A, 1953. 

Y = P e rnent of addi t io n a l $1,000 s pent 
fo r f e r t ili ze r 

X 1 = F e rt ili zer used c urrent year -------------------------
x., = Capita l in vestme n t --------------------------------- 
X:: == Capita l in ves ted in l ives t ock ------------------------ - 
X, = E xpec t ed y ie ld respo nse - --------------------------- - 
M u lt ip le corre la tio n coeffic ient (R) ------ - --------------- - -

~ ======-==================== ' ~ ======== -================ 
M ulti p le corre la t ion coeffi c ie n t (R) ------ --- ------------ - --

Co rre lation 
coeff:ic ients 

l" ly 

0.24690 
0.4 09 59 
0.21894 
0.1 0262 

0.24 690 
0.40959 
0. 10262 

S t a n da rd 
parti a l 

regression 
coeff icients 

B; 

0.11960 
0.49 863 

-0.16 385 
0.0 9325 
0.455 
0.146 13 
0.3671 
0.0997 
0.443 

Values of 
t fo r 

regression 
coeffic ie n t 

0.57 
1.5 7 
0.53 
0.4 8 

o. 73 
1.84 
0.52 

T a b le 21-D . CORRl~L A TlON COEFFICI ENT S, l~XPECT ED VAR IABlLlTY OF COR N -Y I E L D R E SPONSE, O W NER-OPER AT E D 
FARMS AND T ENANT-OPER A T ED FARMS, I OW A, 1953 . 

x, X a y 

Own er -overateci fcirms 

X , = F e rtili ze r u se expe r ience ----------------------------------- 1. 0000 0.69 1 7 - 0.014 2 - 0.1787 
X, = Ferti lizer used p rev io us y ear -------------------------- ------ 1. 0000 0.1 377 - 0.0329 
Xa = Expected y ield response -------------- - -------------------- - 1. 0000 0.2 0 23 
y = Expect ed v a ri a nce of co rn - y ie ld respo nse ___________________ _ 1. 00 00 

1'encmt- overateci fanns 
X, = F e rti li ze r u se ex pe ri ence ------------------------------------ 1. 000 0 0.4 204 - 0.0036 0.0189 
X, = F e rtil ize r used p re ,·io us yea r ____________________ _________ _ 1. 0000 - 0.0068 - 0.0653 
X,. = Ex pect ed y ie ld res po nse ------------------------ - ----------- 1. 0000 0.1398 
y = Expec t ed va ri a nce of co rn-y ie ld r esponse ___________________ _ 1. 0000 

T a b le 22-D . S T ANDARD PART TJ\ L REGRESSI ON COEFFICI ENTS AND t VA LU J!;S, OPERAT OR'S EXPECT J.;D VARIABILIT Y 
OF CORN -YI E LD 1-lESPONSE, OvVNER-OPERAT ED FAR MS AND TENANT- OI' lsRAT ED FARMS, IOWA , 1953. 

Y = Expec t ed ,·a ri a nce of co rn -y ie ld r es po nse 

Co rre la t ion 
coeffi c ients 

r 1 y 

Owner- overc,tecl / ctrms 
X, = Fe r til ize r use expe r ie nce ------------------------------- - 0. 17872 
X ,. = l~x pec te cl y ie ld r es po n se -------------------------------- 0.20233 
i\ lu lti p le corre la t ion cocfli c ient (R) --------------------------

T enant- 01, erc,teci fcirms 
X,. = Ex pec ted y ie ld r es pon se ------------------------------- 0.17982 
Co r re la ti on coe ffic ient ( r J _____________ ___________________ _ 

S t a n d a rd 
parti a l 

regress ion 
coeffi c ie nts 

B, 

- 0.17588 
0.19983 
0.268 

0.13979 
1.1 4 0 

Y a lues o f 
t fo r 

regress io n 
coeffi c ient 

1.32 
1. 50 

1. 09 

T ;3.ble 23 -D. F T lsST FOR D I FFERENCE BETvVEEN EXPECTED Y l E L D RESPONSE F U NCTIONS FOH COHN GR OWN 
F TRST AND SECOND YEAH AFT ER MEADOW. 

Source 

T o ta l ------------------------------------------------
Red u c ti o n cl u e to poo led r eg ress ion s __________________ _ 
R educ t ion cl u e to ind iv id ua l r eg,·ess ion s _______________ _ 
D e ,·i a tio ns fro m poo led r eg ress ions ___________________ _ 
D ev ia tions from indiv id ua l regress ions ________________ _ 
D iffe re nce be tw een poo led a n d incl ivicl ua l ______________ _ 

** == P < 0.01. 
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D eg rees 
of 

f reedo m 

920 
2 
4 

918 
916 

2 

S u ms 
of 

sq ua res 

543,371 
439 ,8 25 
441,173 
1 03 ,548 
1 02, 198 

1,34 8 

Mea n 
sq ua r e 

111. 6 
674 •• 
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