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Gordon R. Anderson

ABSTRACT

This study evaluates three soil nitrogen tests from
the standpoint of usefulness to farm menagers,

The evaluation 1s based on data taken from the Camp—-
bell wheet plots vhich are a part of a Joint agro-economic
research venture sponsored by the Agricultural Economics De-
partment and the Solls Department of Michigan State Univer-
eity. The data included 1956 wheeat yields from 130 plots of
1/62 acre size in a homogeneous field, N applicetion rates
for 1955 and 1956, and soll samples from each plot tested by
three different methods; 1.e., Iowa N test, Truog N test, and
the Organlc Matter test.

In order to establish the usefulress of N tests, 1t
was necessary to explicate some relevant concepts of manage=-
ment, A problem occurs whenever there 1s a confllct betwcen
belilefs, between values, or between a belief eand a value., A
belief 1s defined as a concept of reality (what is), and a
value 1s defined as a notion of the i1deal (what ought to be).

A farmer's main vnroblem is that of securing satisfac-—
tion. A sub-problem 1s that of growlng a particular crop for
naximum profit. Within this sub-problem lle questions con-
cerning the nitrogen level of the soll (belief-belief problem)
and the nature of the procduction function from which optimum

profit points can be determined (belief-value problem).



Gordon R. Anderson

An examination of nitrogen fertilization information
from technologlcal researchers disclosed the fact that some
doubt exlsts es to the true value of results obtaineéd from
any one of the three nitrogen soll teste; 1i.e., their value
in resolving a belief-bellef conflict., It was not clear Just
how these results are or may be used objectively to determine
fertilizer requirements of crops; i.e., their value in re-
solving a belief-value conflict.

An attempt was then msde to develop a chain of ob-
Jective relationsnins between test results and the determina-
tilon of optimum fertilizer application rates,

Tre first step was a calculation of correlations be-
tween pairs of test results to determine an answer to the
question, "Do these tests tell the same story?" The correla-
tion coefficlients were quite low, 80 low 1in fact as to meas-
ure degrees of assoclation of no practical importance.

Next, correlations were calculated between each test
and previous known N applications, which ranged from zero#/
acre to 240#/acre, and which were consummated within the pre-
vious 6 months. Once again the correlatlon coefficients were
very low,

8o far, it was determined that the tests did not tell
the same story, and that no one was superior to any other,
based on the assumntion that a test should distinguish a
recently applied range of N, These results would tend to
complicate the belief-belief conflict rather‘than resolve it.

Trhen an attempt was made to determine the predictive



velue of eac
Ygred fora
tton 0f tre
ent N epplic
3¢ {eterzing
yes 3.83 bu,
19 be consis
¥th wheet 2
8% of MHq %
It w
n%e of gube
reelduel ni+
il for the
" A could t
Tre

o :
28 S&me t:!h

J



Gordon R, Anderson

value of each test by fitting its result into a well estab-
lished form of prediction equation. A baslic prediction equa-

2 was fitted to the yield

tion of the form ¥ = a 4+ byNy; + byNg
and N application data and it was found that the coefficient
of determination was .3844 and the standard error of estimate
was 3,83 bu. Optimum profit points were calculated and found
to be consistent with reason and experience., For example,
with wheat at $2,00/bu. and anhydrous ammonia at $.10/1b.,
83# of NH, was determined to be the optimum application rate.

It was then agsumed that there 1s a constant marginal
rate of substitution ( A ) between applied nitrogen (Ng) and
reelduel nitrogen (Nn) as determined by test., A was estima-
ted for the Iowa and Truog tests, but no sensible estimate
of A could be made for the O.M. test.

The Iowa and Truog tests were then introduced into

the same tyne of prediction equation, 1i.e.
Y = a4 by(Ny 4 AN.) 4 ba(Ng 4‘)Nf)2, to see if an improved
prediction would result, The coefficients of determination
were not materially improved, and tne calculated optlmum ap-
plication rates were such that a further check on the effi-
cacy cf the two tests was indicated.

A graphic comperison of iso-product curves and iso-
product curves constructed from actual equal production
points revealed no apnarent similarities. Further, when
curves were constructed from production points with the O.HM.
test results plotted against application rates, they too

proved to be erratic, and showed no reasonable relationships
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between Ng and Nn. An inspection of the graphs showed that
no linear relationship between Ng and Np would fit the data
very well, A variedle rate of substitution errived at Dby
other comnutational procedures would not improve the fit
without resulting in iso-product lines which cross cach other
in ways inconslstent with the law of diminishing returns.

At this point no other ways of incorporating a ni-
trocen test result into a prediction equation were apparent,
Techriques assuming non-continuous functions would offer
1ittle chance of making N soll tests more useful, because
solvinzg the problem of determining the marginal rate of sub-
stitution between Nn end Ny 1s a necessary preliminary to
fitting elther continuous or discontinuous functions which
include N, and Ny as the independent varilables.,

In conclusion, it was found thet the evaluation of
the three soll N tests, with resnect to thelr usefulness to
farm managzers, produced evidence to supnort the contention
thet the problem concerning the nature of tne N fertility of
a specific 8o0ll sample 1is complicated rather than resolved
by present tests. The problem concerning optimum N fertil-
1zer application rates was also not resolved by test results,
as no oblective method of introducing the test results into
a nrediction equation giving sensible results could be dis-

covered,
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THE PROBLEM IN PSRSPECTIVE

Farmers! replies to the question, "Why do you farm?"
encompass a gemut of reasons from enjoyment of fresnh eir,
through love of relative independence, to the necessity for
earning a 1living., Pointed questioning, however, usually
ellcits admlisslions that prcfit ie a necessary adajunct to all
such pertinent belief-value sub-structures,

Publlcly emnloyed professional agriculturists engsged
in techneclogical research frequently Justify such expendi-
tures of public money on the general principle that research
results willl contribute either directly or indirectly, sooner
or later, to the assurance of an efficiently produced and
adequate national food and fiber sunnly.

The farmers! interest in profit, the researchers!
interest in technological discoveriles, and the public's in-
terest in an adequate and efficiently produced food and flber
supply, when considered simultaneously within the framework
of the "democratic process," form the component parts of an
enormously complex dynamic mocel of soclal and/or individual
choice and action.

Agriculturel procduction economists have accepted the
responsibility of analyzing thils model and the multltudinous

1
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sub-models within it for the purnose of educing or extract-
ing information which cean nromote the interests of the appo-
site grouns and/or individuals. A high value has come to be
vlaced upcn objectivity in such analyses,

The followlng chapters describe an attempt to fit
oblectively a fragment of technologlcal research results
into a simple economic model, such that the farmers! inter-
est in profit, and the public'!s interest in an adequate and
reasonably priced food supply may be directly or indirectly

forwarded.l

The research results of this thesis concern soll,
the 1importance of which, as a factor in farm production, 1s
obvious., Soils and agronomy scientlsts have, to date,
lcarned much atout 1ts nature, Many studles have provided
us with information concerning the reletionshins between soll
elements and plant growth. One outcome of these studles has
been the development of specific tests for the quantitatlve
determination of various soll elements important to plant
nutrition. Three such tests are the Iowa, Truog, and O.l.
tests for soll nitrogen.

Thie thesis 1is speciflcally concerned with an evelu-
ation of these three soll nitrozen tests from the standpoint
of farm menagzement. Such an evaluaticn may be in the form of

an exnosition of a simple model of sequential relationships,

1The more complex problem of measuring change 1in
general welfare ie not under conslderation herein,



between tre soll nitrogen test results anda the farmers!
profit interest.

If, for instance, a farmer wants to make a decislon
concerning the most profitable amount of N fertilizer to ap-
prly on a wheat field, and intends to use a soll N test re-
sult as a factor in that declsion, then he should expect a
relatlonshlp between the test result and the high profit
apnlication rate.

The succeeding chapters will consider in order: (1)
the farmere! use of nroduction information for profit maxi-
mization within the menagerial process; (2) the soil re-
gsearcrers! potentlal contribution of production information
to farm managers wilth narticular respect to soll nitrogen,
1ts tests and fortification; (3) an evaluation of the use-
fulnees of the information éiscussed in 2. to farm managers,

and (4) a summary and conclusions of the evaluation,



CHAFTER II
PRODUCTICH INFORNATION AND TUE MANAGERIAL PRCCESST

The farm ovperator who 1s engaged in the constant and
continuous duty of decision making is saild to be managing
the farm, Decielon making 1s the core of the managerial
process and dlstinguishes 1t from all other numan proceaures
in the conduct of the farm business. Obviously decisicns,
and hence management, are necessary only when problems exist,

A brief excursus into the nature of problems in re-
lation to farm management 1s in order at this point. If we
accept farmers! ressons for farming as belng included essen-
tially within the general concept of "satisfactlon seeking,"
wve can then say that farmers ere seeking full appeasement of
deslres, lonzings, needs and requirements.2 The manager's

main problem can then be defined as any perplexing question,

1rhe management theory concepts presented in this
chapter ere drawn from the following sources:

G. L. Johnson and C. B. Haver, Decision-liakinz Princinles
in Farm Management, Kentucky Bulletin 593 (Lexinzton:
Kentucky Agriculturel Experiment Station, 1953).

G. L. Johnson, Manegerial Concepts for Agriculturilsts,
Kentucky Bulletin €19 (Lexington: Kentucky Agricultural
Expcriment Station, 1954).

2yebster's Dictlonery of Synonyng, (Springfileld,
lass.: G. end C. Merriam Co., 1951).

L




siltuation, or the like, which demands a solution in order
that eatlisfaction be obtained. Some farm management re-
gearch workers, realizing thet such ¢efinitions are too gen-
eral to be useful, delved deeper into orobleam-decision con-
cepts, and syntheslzed somewhat more epecific management
models.3 These, howvever, are still too general, but from
them we can extract the followlng salient points:

A belief is defined as a concept of reality (what ic).

A value is defined as a notion of the ideel (what
oughkt to be).

A problem then occurs whenever there is a conflict
betwecen beliefes, between values, or between a bellef
and a vealue. BSuch conflicts are ever present because
change 18 normal, and partial ignorance 1s universal,
Change and 1imperfect knowledgze then explain the need
for management, and learning and deciding are, there-
fore, fundamental tasks of management,

The five functions that a manager, operating in the
presence of continuous change, and only partly informed,
must perform 1f he 1s to chart successfully the course
of hils buslness over a perlod of time, are as follows:

a, observation

b. analysis

c, declsicn making

d. eactlion taking

3Johnson and Fever, op. cit.



e.

accentance of responsibllity for action taken

Five broacd subject-matter areas which managers must

stucy as a basls for adjustuent, can be distinguished:

may

a,

b.

price structures and changes.

production methods and responses,

vrospective technolozical developments.

the behavior and capacitles of people assoclated
wlth farm businesses including changes therein,
the economic, political and social situations in
which a farm business operates including changes

therein.

Five different knowledze situations in which managers

find themselves are tentatively concelved:

a,

Perfect knowledge - knowledge 1s nearly enough
perfect to permit action without the protection
of formal or informal insurance,

Risk action - present knowledge 1is good enough
for action, because the risks 1lnvolved are as-—
segssable and insurable, and addltional knowledge
is not worth the coet of acquisition, so actlion

is taken.

Learning - the value of wnat can be learned 1is

worth more than the cost of learning it, so
action 1is postooned,

Inaction - present knowledge concerning the prob-
lem is insufficient for positive actlon, and the

cost of learning exceeds the value of wnhat would



be learned, so no acticn is taken.

e. Forced action - tre existing state of knowledge
is inadequate, and 1f time were available more
knowledge coulé be acquired, However, some out-
slde influence forces action, so time 1s not
available,

The classificatlion of degrees of knowledge was intro-

duced as belinsg "“tentatlvely concelved." Recent informetion

b indicates thaet these filve dozrees

presented by G. L. Johnson
of knowledze, while clearly relevant, are s8till lnadeguate.
Originaelly the classification proviced the basis for six
questions to be used in the Interstate ilanagzerial Survey,

and deelzned to deternine whether farmers do, in fact, en-
counter, and are able to comprehend and know when they en-
counter, these situatlions. A hilch »rooortion of the ques-
tioned farmers were able to understand and give verified ex-
amnles of situations in which they had encountered these
varylng degrees of knowledge. However, close examination of
the answers indicates that the classification 1s valueble
mainly at the time of decision. Ex poste, 1t apnears ciffi-
cult for farmers to distingulsh among the various negative
declsions, For instance, 1t 1is difficult for a farmer to
tell, after a declsion, whether he declided not to act because

circumstances forced him not to act or becsuse ne decided on

4G1enn L. Johnson, "Methodology for Studying Decision
Making," Adcéress to The American Farm Economic Assoclatilon,
Juneluska, North Carolina, August 1957.
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a risk action basis that he wes willing to refuse to act and
take the consequences of being wrong., It was also difficult
to distinguish, ex vnoste, between negative forced actions
and plain inactions. While 1t appears that the classifica-
tlon 1s inedequate, it 1s also apparent that Wald'55 contri-
bution prevents researchers from returning to Knight'sé risk,
uncertainty and certainty classificetion,

The five knowledze situations are used in the ex-
ante sense 1n this thesis,

We are now able to see how soll nitrogen tests fit
into the managerial process, Tie act of =ending a sample of
s0ll to a testing laboratory for the nitrogen analysis evi-
dences on the one hand the awareness of a belief-value con-
flict - ("I thin*® I ouzht to be getting more wheat per
acre"); and on the other hend an entreaty to solve a belilef-
belief conflict - ("Just what is the nature of the fertility
of said soil?"). The act also tells us that the farmer is
nerforminz the first task of management (observation) and is
in the "learning" situetion., Marginality concepts applied
to the foregoing situetion might appear grephically as in

Fig. 1.

SAbraham Wald, Sequential Analysis, (New York: John
Wiley and Sons, Inc., 1947). Sequential analysis provided
the basis for dividing imperfect knowledge situations into
subjective risk situations, on one hand, and into three sub-
Jective uncertainty situations, on the other hand. The dis-
tinction depends on the subjective stancards of accuracy
elected by the analyst,

6Frank Knight, Risk, Uncertainty end Profit, (New
Yori: Houghton-Mifflin Co., 1921).
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The observing farmer in the learning situation 1is at
A, where XU >}¥C. He feels thet tie cost of more informa-
tion will not exceed 1ts value, so wants to move %to the
right; hence he sends in his soll sample to be tested.

If analyses of tre test results make him feel that
he has arrived at point B, where MU = C, he will tnen
act with no further consideretion (tue cecision 1is made),
havingz subjectively moved from the "learning" to a "risk"
or "verfect knowledze' situation; and having satisfac-
torily completed the observation, analysis, and decision
tasks of manegenent.

Fiz, 1. = Amount cf Informatlion to
Get in the Learning Situation

MU

A B Accuracy

The MU of soll test cdata 1s a function of tne man-
ager's ability to analyze these data., The question then
erises, "Is 1t possible for anyone to analyze said data?!
Very likely, if the vrofecsional agriculturist cannot, then
the farmer does not stand a chance. The question asked 1n
this paragraph 1s actually another way of presenting the

purpose of the study.



10

Summary

The farmer's meln vroblem 1s that of securing satis-
faction, A sub-problem is thet of growin; a perticular crop
for meximum profilt., Within thils sub-problem lle questions
concerninz the nitrozcn level of the soll, and the nature of
the nroduction function from whici optimum nrofit points can
be determined., Three nitrogen e€oll tests giving three dif-
ferent measurements of fertility would seem to compllcate
rather than to clarify part of the problem, The complica-
tlon occurs in the sense that incompativle test cata add a
belief-belief conflict to tre bellef-value conflict which
defined the »roblcn. If both the main and sub-problem are
not subject to recolution, the usefulness of soll test data
would be zerc, and theilr marginal utility could not be equated
with the marginal cost. If, on the other hand, they could

be resolved, the soll test cata would be useful to farm man-

agers.,



CHAPTER III

NITROGEN FERTILIZATION INFORMATION
FRCM TZCHNOLOGICAL RESZTARCH

C. E. Millar® eaid in 1955, "With tre recognition of
the fact that plants obtain theilr mineral nutrients from th
soll came the demand for methods to determine the quantities
of avallable nutrients in solls. It is interesting to note
that, although the search for such methods has been under way
for over a century, 1t still continues. Much progress has
been made, but a method which works satisfactorily under all
condiltions has not yet been devised. Vhen, to the inquiry
concerning the quantities of avallable nutrients present in
a given soll, i1s added the query, ‘how much of each nutrient
should be added to give a large yield of a glven crop,! the
problem becomes more complicated, Because of the dynamic
nature of thc soll system and the fact that one 1s dealing
with a living organism, the plant, which 1s sensitive to all
environmental conditlions, a method of obtaining & definite
answer to the above questions may never be developned. Never-
theless, information has been obtelned which 1s helpful in

giving approximate answers to trhese questions.!

1o, E. Millar, Soil Fertility, (New York: John Wiley
& Sons, Inc., 1955), Chap. 13.

11
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Because of the anmarent orderliness of natural rela-
tionships which rave so far been brought to 1lizht by research,
the author tends towvard a more optimistic falth in the even-
tual resnlution of all pragmaetic aquestions concerning com-
merclsl fertillzatlion on farms, So long as the variables in
a s8oll system, in a plant system, and in natural environment
are not cdefinitely proven to be infinite in numnber or reec-
tion, their eventual appralsal and evaluastion eeem theoretlc-
ally poselble.

In the case of nitrogen, one of three aifferent soil
tests 1s beinz used at tre »resent time by one or more of
the upper midwest land-grant colleze solls research depart-
ments in ettemnting to answer the &bove stated querles. The
tests considered here included the O,l. test, tiie Truoz test,

ané the JTowa test.

The 0.). Tect?

In the C.l., or orzenic metter test, an attempt 1is
mede to measure tre total carbon 1n the samnle. The result
1s converted to total organic matter by the use of an arbi-
trary conversion factor. Then another conversion factor,

the minerslization factor, is used to estimate the nitrogen

218011 Organic Matter Determination," (Soils Testing
Laboratory, lMichigan State University, East Lansing), (mimeo-
graph).

C. M. Voodruff, "Estimatinz the N Delivery of Soll
from the OM Determination as Eeflected by Sanborn Field,"
So1l Science Soclety of Amcrica Proceedings, Vol. 14 (1949),
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in the sample which, by »rojection to the field on an acreage
basis, will be released cduring the growing season in a form
avallable to a specific crop.

Difficulty in achieving conslistent results 1s due to
several causes, There are several methods of determining
carbon, rengsing from the dry combustion method, to the highly
sublJective method based on tire feel cf the wet soll Dbetween
the flngers of tne lab techniclan. The conversicn factor 1is
based on the average rate of disappearance of soll nitrogen
in long term fleld experiments, or on mathematical propor-
tilonellity conetantes celculated from soll tests ana crop
ylelds, using variations of lMitscherlich's equations for

growth vhere one nutrient is limiting.

Tre Truog,Test3

The Truog test for avallable nitrogen is based on the
solubility of varlous forms of nitrogen in a permanganate so-
lution. It measures NH3 nitrogen, and the more labile forms
of organic nitrogen.

Difficulty in achieving accurately useful results
from this test lies in the fects that the less labile forms
of organic niltrogen are not measured, and that microbial
suppression of N availability in presence of carbonaceous

racidues 1is not taken into account.

3Directiong_No. 697-18 for the Hellige-Truog Ccmbin-
ation Soil Tester, Technical Information Bulletlin, Hellige,
Inc., 877 Stewart Avenue, Garden City, New York.
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The Iowa Testu

During the past decade nuch hope for accurately de-
termining a useful measure of tre available nitrogen in soils
has been ninned on incubation techniques, of which the Iowa
test 1s renresentative. $Soll scientists are in agreement on
the fact that the rate of minerallization of soill nitrogen 1is
more 1important to cro» growth than the amount of mineralized
nltrogen in the soll at any given moment. Therefore, the
technlique of meesuring sald rate by ertificial incubation has
beconme ponuler. The soll samnle with its indligenous organ-
1sms 18 incubated artificially for a specified time, usually
two weeks, and the mineral nitrogen 1s measured. A conver-
slon factor 1s apnlied, and an estimate 1s made of the miner-
elizetion rate of nitrogen under field conditions,

The difficulties with the incubation test can best
be summed up in the words of soil sclentists Harmson and Van
Schreven? who say, "It should not be forgotten that tre incu-
bated soll samples sre kept under entirely artificial condi-
tions. The results of such experiments are in no way conpar-
able with the mineralization process under field conditlons,

So 1t must be considered worthless to try to imltate natural

uGeorge Stanford and John Hanway, "Predicting Nitro-
cen Fertilizer Needs of Iowa Soils: II, A Simplified Tech-
nique for Determining Relative Nitrate Production in Soils,"
So0ll Scilence Society of America Proceedings, Vol. 19, No. 1,

{January 1955), 74-77.
5. W

. Barmson and D. A. VanSchreven, "lineraliza-
tion of Organic Nitrozen in Soil," Advances in Agronomy, ed.
A, G. Normen, Vol. VII,
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condltions in incubation experiments, and we will have to
accept mineralization experiments in the laboratory as pro-
viding us with an ertificiel magnitude which has great value
but which must be interpreted with care. =--- Reliable results
can be expected only when the incubation technique is re-
stricted to one soll type, one climatic zone, and one farming
system, and when all samples are collected within one season,
rreferably during early soring., —-—-— Experimental evidence
showing correlation between incubation results and crop pro-
ductlon hes varied from the one percent level cf reliability

to wholly negative results,!

Use of Tecot Pesults in Acceleretinz the Manegement Process

The 801l researcher'!s incorporatlion of test results
into fertilizer recommendations to the farmer is an example
of the sccilallzation of the analysis task of management., The
enalyelis, as performed by the professional, is based primar-
11y upon the results from field experiments.6 Soil test re-
sults, and agronomic tnowledge, experience and Jjudgment, are
used in appliying and interpreting the experimental results.

In Michigan there are 300 recognized types of soll,
The shape of the land surface and the height of the water
table cause additional soll differences., Experiments have

been conducted on many soils, but not on all tle recognized

6For example, see Fertilizer Recommendations for
Michizan Croos, Extension Bulletin 159, (East Lansing,
¥Michizan State College), pp. 7.
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tynes. 1In addition there are areas not characteristic of
any recognlzed tyre. Thus it 1s sometimes necessary to re-
sort to experilence and Judgment in performing the analysis
task. Other pertinent variables such as cultural practices,
nast and present rotations and soill tilth increase the diffi-
culty of analysls beceuse thelr values are often unknown.

Trne place of soll test results 1n making analyses is
seen 1n the followinz quoctes from lMichlgan Extension Bulletin
159:7 “The use of soil testing results makes less essential
a knowledge of how the soll has prcviously been managed.,

This coes not hold true so much with resypect to nitrogen as
1t does for pnosphoric acid and potash." "The immedalate ni-
trogen neels of a crop growing on a minersl soll denends more
on the syetem of managzement trnan on the soll tyne or test at
the time of nlanting." "In fact, the crops which immedliately
follow elfalfa or clover may obtaln eufficient nitrogen from
the decomposing vlant resicdues." Michizen recommendations
for N fertilizer on wheat® do not take into sccount soil ni-
trogen test results,

The completed enalysis 1s presented to the farmer in
the form of recomnmencations for specific quantities of N
fertilizer to use, allowing him to move from the observation

task directly to the decision task,
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Swunary
It 1s clear that some doubt exists as to the true

value of results obteined from any onc of tne three nitro-
gen s80ll tests. It 1s not clear Just how these results are
or may re used objectively to determine fertilizer require-
ments of crops. Considering the iizh value placea upon Go-
Jectivity in modern researci, cnalyses verformed mainly by

use of experience ancé judgment are not recognized as being

hizhly desirable.



CHAPTER IV

AN EVALUATION CF THZ TZSTS

In Chavters I end II en argument 1s cdeveloned for
the nresentation to the farmer of nroduction informstion
in a form which both accommocates hils profilt interest, and
facllitates his managerial taesks, Chapter III includes
the background of and the form in which information is pre-
sented to him by soll research personnel.

This chapter cescribes an attenpt to cdevelon a chein
of objJjective relationshlps between soll N test results and
the determination of ontimum N fertilizer application rates,
The failure of the attemnt provides esome evidence to support

the conclusion trat soll nitrozen tests are of little opera-

ct

lonal velue to farm managers, at least in the situation

unéer consideration.

Experinental Data

The evaluation will be based on the rcsults of man-
ipulafing data taken from the Campbell wheat plots which are
part of a joint azro-economic rescarch venture eponsored by
the Azricultural Econonlcs Depsrtment and the Solls Depart-
ment of Michigan State University. Pertinent information

concerning these plots 1is listed as follows:

18
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1. Soil tyne 1s Kalamazoo silt loam.

2. Number of wheat plots of 1/62.5 acre size = 130.

3. Trne field on which plots are located 1s level, and
was evenly fertille accordinz to soll tests in 1954,

L, 1955 N apnlication ranged from O to 240 1lbs/acre on
oats., |

5. 1956 N annlication ranzed from O to 240 lbs/acre on
whesat.

6. A soll rample (to plow depth) was taken from each

plot in the fall of 1955, and tested for N content

by each of the three methods,

7. 19556 wheat yilelds were calculated on a per-acre basis,

Plan of Procedure

The first step will be a calculation of correlations
between results of the N tests to determine the answer to
the first obvinus cguestion, "Do these tests tell the same
story?" In the 1lizht of managerial theory, the question
could be phrased, "Do these tests collectively susport an
identical concept of the nature of reallty, or co they in-
trocuce a conflict between beliefs?!

If the correlations are hizh and positive, any con-
venient one mey be used in the search for objective relation-
ships, If, however, the correlations are low and/or nega-
tive, 1t wlll be necessary to tarry over the problem of effi-
caclousness long enouzh to procure evlidence from correlations
between individual tests and previously applied nitrogen or

yields. ©Should thils evlidence indicate the superiority of
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one test, the others can be discardel ané vorl concentrated
cn the superlor test; but should the evidence be inccnelu-~
slve, the three must be considered further.

At thils point the assumntions would have to be mede
that soll tests measure residuel soll nitrogen (lp); that
field test production functions eare based on, and farmers
are interested in, annlied nitrogen (N, ), and that the two
substitute for each other in some cefinite but as yet un-

known proportion, e.g. Nt = Ng 4 Aln. Thercfore, the next
1 e

sten would be to estimate the marginal rate of substitution
of Np for Ng (A). This estimete would be necessary in order
to 1ntrecduce test rcsults into well established preduction
functlons based on Ny as the independent variable,

If euch introductions improve the existing yleld pre-
diction equations, and if resulting econonic derivatives are
compatitle with reason and experience, then a farm manager
would have a basis for using one or more of the soll N tests,
at least within the limits of the experimental data, By sin-
iler rezesoning, should none of the test 1introductlons imprcve
presently workable production functions based on Ny, tien
there would be evidence to support a similarly limited con-
clusion that scil N tests have 1ittle value tc farm managers,

at least within the 1limits of the situatlon under investigation.

1For the sake of simplicity, and because of a lack of
reasons for anything more comnlex, 1t will be assumed that
there 1s a linear rate of substltutlon between Ny and Niu.
However, by the same reesoninz, there 1is a lack of reesons
for anything less comnlex than a curvilinear rate of substi-
tution, Further analysis will determine the necessity for
resolvinz tre problem,
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The Findings

The simple correlation coefficlents amon: the three
tests were qulte low (see Teble 1). BEven thouzrn the correla-
tions are elznificantly different from zero (statistically),
they measure a degree of association between the tests which

1s not of practical imnortance.

TABLE 1

CCRRELATION BETWEEN TESTS

Level of
r Sr Significance
. and Truog 1350 . 087 .03
0., and Iowa L4296 . C80 .01
Truog and Inwa .1289 . 037 .03

As these tests do not tell the same story, an attempt
should be mace to determine relative superiorities. This can
be done by correlating each one with previous N applications.
This appears to be a rational move in that 1955 N applice-
tions ranged from zero to 240 lbs/écre, and were consunmated
within the previous 6 months. 1955 oat yields &id not vary
enough to even out the N, range, Oat ylelds varied 20 bushels

between plots. To even out the renge, 12 1lbs/acre Ng would

2

be required for eech bushel increese. Sundqulst!s® analysis

Indicated that the Ng requirement per bushel was more neerly

ZW. Burt Sundaquist, "An Economic Analysis of Some Con-
trolled Fertilizer Input-Cutput Experiments in Michigzan® (un-
published Ph.D. thesls, Michlzan State University, 1957).

—
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one pound. There apvears tc e no other documentary evidence
avallable to refute that estimate., If 1t 1s argued that
leachlinz would level out suclk an application rate differen-
tial 1in such a short period of time, i1t cen also be argued
thet annual N soill tests for »nracticel purnoses are futile.3
So0ll samples are taken as sections of the soll profile to
plow Zenth, liost of tre nitrogen used by the plant is gotih-
ered from this stretum, If leachinz moves so much nitrogen
to a deeper level that soll samnle tests cannot céistinguish
a 240 1b. ranze of N epplicatlons made within ti.e previous
8lx months, then the farm declsion naker must be Justified
in deciéinz to eliminate the costs of sampling and testing

when tre results would contribute nothing which was not al-

Results of said correlations nroduce r values which
are very low, and significance levels wnich are very low for
two of the three correlations (see Table 2 on following
rage). The Jowa test, althcocurh statistically significently
correlated with previous Ny, has a low correlatlon value.

In attennting to detcrmine the predictlive value of
the three N tests, one may first set un a production function
of the type ¥ = f(lg), and then attempt to improve the pre-

Ciction of ¥ by incorporatinz N, in the functlon as

SNote: A. R. Wolcott of the Michigan State Univer-
elty Soils Departaent, points out that since there were no
significant effects of wnrevious fertilizer treatment on tie
801l test results, cufficient time has not elansed in this
experimnent for tre experimental fertilizer treetments to 1lm-
pose an adeduate rance of variability in the soll.




TABLE 2

CCORRELATIONS BEIVEEN TESTS AND
TRIOR N APPLICATIONS

Level of
r Sr Significance
0.4, Test . 0638 . 088 $25
Truog Test .0123 ., 0388 25
Iova Test <143k . 087 .05

Y = £(¥z,N.). Tre Nn, of couree, will be that residual N
which 1s determined by test. The problem here is to incor-
porate Nn in a meaningfulu way. As 1t 1s assumed that plant
use of N 1s divided between Mg and Nn, some marginal rate cof
suhstitution must be estimated. The estimate (A ) will be
tased on the followinz system. First it 1s assumed that the
underlying relationshi» between yileld and total nitrogen
(Nt) can be satisfactorily anproximated by a aquadratic func-
tlon such as:

(1) Y = oo + A1Nt 4 €20t° + u or

(2) Y=o + A1Na + q1ANp + 42002 + £2)0200.2 4 242AN, Nip
which may be written:

(3) ¥ = 4 + A1l + A2l 4 #4307 4 ALIGE 4 AN N,
Conmparing ecuations (3) and (2), it is ceen that the coeffic-

ients in (3) are sublect to the three restrictions:
Az [Ay,  As A\
A1 Va3 T 24T

4Meaningful 1s %o be uncerstood as testable,
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Equation (3) can then be fitted by ordinary least-
squares using 18 observations of plot yilelds with Ny ranzging
from zero 1lbs/acre to 240 1bc/acre and witia P205 constent at
zero 1bs/acr'e.5 K»>0 was not considered as Sundquist's
N,P205,K20 equations based on the same data produced coeffi-
clents for XK,0 which were not significant. Actual Ny rates

and ylelds are listed in Table 3.

TABLE 3
DATA USED FOR ESTIMATES CF LAMBDA (A)

Yield | Na BRate Np(Tests)

Jowa Truog 0.k,

1lbs/acre 1bs/acre %

32.3 0 70 125 2.12
28.5 0 61 200 1.75
25.2 0 L3 100 1.23
26.3 o} L3 100 1.23
28.2 0 L7 75 1.23
26.8 0 48 125 1.52
22.5 0 Lé 75 1.23
30.5 0 58 200 1.52
28.1 0 68 225 1.61
283.6 0 51 75 1.3k
21.8 0 67 225 1.52
30.4 80 L9 75 1.34
22,0 0 56 75 1.42
32.2 20 L6 75 .98
28.5 80 54 75 1.23
29.1 §0 50 100 1,06
3h4,1 240 54 100 1.42
36.2 240 71 300 1.15

Obviosus data limitations anpear in Table 3. There

are not enougzh observations, and too great a concentretion

5The coefficient for P20g wes significant, so ong_
was hecld constant at zero 1lbs/acre. Only 18 of thne 130 o
servations fitted that restriction. (Bundquist, op. cit.)
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of observations at the zero level of the Ny rate to expect
hishly cirsnificant estimates of the A coefficients to ensue,
Actually, nost of the A coefficients fell between tiae .25
ant the .10 levels of significance. The lack of significance
of these estimates 1s not encouraging with respect to answer—
inz the question, "Yhich of the teets has tne best predictive
value?" FHowever, one 1s Jjustified in continuinz the anslysis,
because an answer, either negative or positive, to the related

question, "Do any of these tests contribute objectively to

nanagerial decisions?" is highly desirable, It is worth know-
ing whether furtner analysis provicdes more definite conclu-
slons,

The 2lternative of designing and conducting an exper-—
iment to test these relatlionships would take too much time
and exnense, ané 1s becyond the intent of this evaluation,

Table 4 shows the calculations of A for each of the

three tests.

TABLE 4
ESTIVATES OF A IN Y = £(Ng,Np)

Restriction Towa Test Truog Test 0.1, Test
-/—Jz A = L, o5 A= .52 A= -133.27
A1
/_/f}i = 2.78 = .57 =/~51,211.75
23
s = .58 = -.035 = 227.38
2, —

A=2.47 | A= .352 A= ?
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At thls point the 0.M. test can be ruled out of fur-
ther conslderation for the following reasons:

1. It is not siznificantly correleted (.25 level of
significance) with previous N applications (renging
from O to 2L0 1lbs/acre).

2. Np as determined by the O.ll. test cannot be incor-
vorated into a prediction eauation when A 1is esti-

mated as above, because A cannot te determined,

Lambda = 2.47 will be used 1in incorporating the Iowa
test in a prediction ecuation. Lambda = .352 will be used in
incorporeting the Truog test in a prediction cquation.

The basic production function will be Y a f(Ng) vhere
Ng = Nt for the following reasons: (1) such functions from
several upper-mldweset soclls research departments have proven
useful over a poriod of years, and (2) this function based
on fleld trials is basic to most nitrozen fertilizer recom-
mendaticns. A polynomlal willl be used to express the func-
tion for the followlnz reasons: (1) 1t should bve compatible
with the law of dimirnishins returns within the linkits of the
data, (2) 1t is fairly simple to work with, especlally in
computing céerivatives, (3) Sund_quist's6 results oﬁ the same
cdata with nolynomials and exvonentilals incdicate the possi-
bility of acceptable results, and (L) data plotted on Graph I

gugzest 1ts feasibility,

6Ibid.
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Results of filttinzy a polynoanilal of the form
Y = a4+ bjNg + ngaZ + u to the experimental cata are as
follows:
Y = 30.09 4 0999 X, -.0003 N,°

2 - ,.38LL

w0l ol

= 2.83
Suncdquist obtained tke followinz coefficients in an
NPK polynom1a17 of the form ¥ = a 4 bl + cNa2 fittea to

more cata from the same experiment:

w

.0

\O

Na

~.0002 Ng°

5

Optimum rates of N fertilizer apnplication were cal-
culateda from tﬁe ebove ecquation as follows:
Y = a4 biNg + boNg?
KPPna(Y) = by 4+ 2boNg
Optimum point = by + 2byNg = %?
Pluzsing in the values for by, bs, the price of
N, and the price of ¥, results as tabulated in

Teble 5 are obtailned.

These results are cuite competible with reccmmenda-

tione hased on soils reseerch and cctual farm use.

7F1rst and second cdegree terms for individuel nutri-
crite, flrst degree cross-product terms, all nutrients taken

two at a time,
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TABLE 5

OFTINMUM APPLICATION RATES OF N FERTILIZERS
(IN LBS/ACRE) BASED ON Y = f(Ng)

Wheat NHA NHLNO3 (NH) )80y
Price @,10/10. @.10/1b. ®.,13/1b,
1.90 79 70 52
2,00 83 75 58
2.10 87 79 63

When the Jowa test 1s incorporated into the seme type
of equaticn, the results for fitting
Y=o+ by 4 bpNt2 4 u
where N¢ = Ng + A Np
and A = 2.L7
ere Y = 16,64 4 .1331 Nt -.0002 N2
RS = .3920
§ = 3.81
Optimum application rates of N fertilizer (NH3) de-

rived from the above equation are tabulated in Table 6.

TABLE 6
OPTIMUM APPLICATION RATES OF N FEZRTILIZZR
BASED ON Y = f(NaNr) INCORPORATING IOWA TEST
Test Result SﬁZiﬁug.gojggflcigéo?lgiig.
Low 35# 121
Medium 60# 60

Hizh 80o# 10
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The incorporation of the Icwa test intc the predic-
tion equetion »nroducee & range of optimum N application rates
adjusted for Np (by test) which, at first glance, has intui-
tive appeal, Fowvever, when it is remembered that the correla-
tion between the Iowa test results and previous N applica-

tlons 1is very low, and the coefficient of determination and

vy

the stancard error of estimate of the originsl equation are :T
not materlally improved by incorporation of the test, a fur- |
ther check on the efficecy of thne prediction eaquation includ-

ing the Iowa test is apnropriate. The form of the function *}

1s not suspect 1f the assumptlon of substitutability of Npn
for N, 1s velld, but the messure of that substitutability
based cn g0ll N test results 1is suspect,

One check of the validity of the marginel rate of
sutstitution of N, for Ny can be accomplished by setting up
a graph of actual yield levels plotted against expected
v1leld levels based on 1sn-product curves drewn between Nn
and N, (see Graph II). An examination of this graph reveals
that there are no apparent simllarities between estimated
iso-procduct curves and iso-product points. The range of op-
timum application rates of N fertilizer, baesed on the test
result differential, predicts an optimum yield of 35.6
bushels, The 35.6 bu. iso-yvield curve does not correspond
in any way to a similar 1so-yleld curve constructed from
sctusl prcduction points., Further, 1t would appear that al-
most any other estimate of A would be no "better" or "worse'

than the one used.
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Conclusicns rezerdinz Iowa test:

1., It 1s significantly (statistically) correlated wita nre-
vious N apnrlications, but the correlation is so low
(r = .14) as to be of 1little practical importance.

2, Uhen incorporated into a nrediction equation, the ﬁz and
g are not siznificantly improved over those obtaincd in R
the basic equation where Y = f(Ng). fi

Althouzh optimum epplication rates of N fertillizer

calculated from thc criginal prediction equastion are con- J

slstent with reason ana experience, when Np 18 incorporeted rj
Into tre equaticn, the optimum application rates fall on an
1so~-yleld curve which in no way correspondg to curves con-

getructed from the original data,

Truoz Test

Yhen the Truog test 1s incorporated into the equation,
the results for fitting
Y = a4+ byl +4 bZNtZ
where Nt = Nag 4+ A Np

and A = .352

are Y = 27.25 + .0999 Ny -.0002 Nt

Cptimum application rates of N fertilizer (KHj) de-
rived from the above equation are tabulated in Table 7 on

the following page.

A chart of actual yleld levels plotted against ex-

nected yleld levels based on 1iso-procduct lines between Ng



TABLE 7

OPTIMUY APPLICATICN RATES OF N FERTILIZE
BASED ON Y = f(NaNp) INCORPORATING TRUCG TEST

Optimum N Application Rate
Test Result Vheat 2.00/bu, NH3 .10/1b.
Low 75# 181
Medium  150# 155
Hich 300# 102

and N, (Truog) again indicates nc apperent significant simi-
larities (eee Grarh III). The conclusions arc the came as

for the Iowa test.

There 18 no estimate for 4 in the case of tne 0.M.
tect, but test results can be plotted against application
rates with respect to yield levels (eee Graph IV)., The iso-
product lines in this case are erratic, so the conclusicn
for this test also 1s that there are no apnarent objective

relationshlps between N and Nj.
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SUIMIARY AND CONCLUSIONS

An attempt has been mecde to evaluate three soil ni-
trogen tests from the standpoint of farm management, As
decision making 1is the core of the managerial process, and
procflt 1s a necessary intermedlate end, the eveluation has
sought to determine which of the three test results (if any)
ccntributes objectively to cecisiocns leading to optimum N
fertilizer epnlication rates and hence maximum profit in thne
gsltuatlion under investigzation.

Correlations between test results were very low,
thereby complicating rather then simplifying cdecislcn mak-
ing. However, within these results ley hope that one test
might very well be "better" than the other two,

Correlations between test results and known previous
N application rates were also low, thereby introducing some
doubt as to the efficacy of all three tests,

A sinple yleld prediction equaticn including rela-
tionships between test results, apnlied N, and optimum N
avnlication rates was then cevelooed, and the tcst results
were individually plugzed in., Optimum N application rates
celculstad frcn these ecquatlons proved susvect.

Finally, when the results cf the attempts to fit the

36
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so0ll nitrozen test data into yileld »recicticn ecuatione were
rlotted on dlacrams, i1t bocome anparent tiat (1) the actual
iso-produect curves were not streisnt, if existent, (2) tre

actual iso-vnroduct curves ¢1ld nct nalte sense in terns of the

law of diminishing returns, and (2) the actuel isc-procduct

curves were crratic.

QO

Therafere, cemnutations based on a value of A esti-
mated as we have estinated 1it, and on Iinccrmoration ol re-
en (by teet) o not make counceptual cense.
Grapie II and IITI show that no linear relationsnip betweern
K end Ng would fit the data very well, A varliable rate of
substitution arrived at Tty other computationel nrocedures
woulld not imvprove the fit very much without resulting in
iso-»nroduct lines wrich cross each other in ways inconsist-
ent with te law of c¢iminisihinz returns,

Incorporatinn cf rccidual nitrosen (Ly vest) in the
basic =»redlctica acouation ¢id not inmrove the coefficlient of
deterninetion, and wos nnt useful in nalzinz predlctions.

Ve are now at & loss &s to how to lncornorate & ni-
trosen test into a »rediction eaquation to m&alie sense,

Untll & succecsfvl meti.od is found, 1t can be con-
clucec thet none cf the three scll nitrosen tests were
usable in an objective Jetermination of nitrojen fertilizer
annlication retes in the case of the lata consldercd herecin,

Tre conclusion thet any technicues eceuning ncr-

continuous funeticns offer 1ittle chanse of maling N soil

i

et

re useful . 1s also suvnorted to some citent in this

™
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thesis, It 1s ¢ifficult to see how moint estinctes on a
nrocductlion surface could be celculated reasonably with the
use of A, vhen the same A used in attennting to estimate a
continuous function rave nonsensical results., A cclutlon
to tre nroblen of determining the marginal rate of substitu-
tion Dbetween Np and lig i1s a neccssary onrelininary to any
techniocue of fitting functicns in which KNpn and liy are 1nde-
nenc¢ent variebles.

Finally, it siould be menticncd that the nogzative
conclusion of this thesls could concelvelly hold only Tfor

the cdata on vwihich 1t is baoced.
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