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Hsiang Hsing Yeh
ABSTRACT

The purpose of this study is to test a technique of estimating
input-output relationships for wheat in Michigan using sampling data.
A better knowledge of these imput-output relationships are needed to
make recommendations to farm operators regarding the optimum amount of
fertilizer of a given nutrient combination that they should use in
order to maximige their profit from producing wheat.

The survey data was a portion of a Farm Management Survey
Questionnaire collected from 411 farms by interviews and covered the
crop years 1952-54. The input-output relationships were derived by
fitting a Cobb Douglas function. This is an exponential equation,
linear in logarithmic form and in that form is expressed as

log X; = log a + b2 log Xp + b3 log 13 + ceee * b22 log 122
where X; is the dependent varisble and X .... X,, are groups in
independent variable inputs and the b;'s are elasticities of X, ....
X5, with respect to dependent variable. The equation was fitted
by the least square regression technique to find the by's.

The fertiliger data were fitted in two different forms. In the
first form, fertilizer application were classified into total pounds
of nitrogen, total pounds of phosphorus, and total pounds of potassium.

The variable for nitrogen top dressing as one independent variable.
The second form of fertilizer application were classified into nitrogen
applied at the planting time and nitrogen top dressing as two independent

variables,
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The data from the field survey were fitted in four different equa-
tions. The first two equations included five and six variables and
the other two equations included seventeen and eighteen variables,

They then were compared with data which has been available from con-
trolled experiments on plots on the University experimental farms.

The tentative results of this study indicate that comparison of
the most profitable rate of fertilizer application between survey and
experimental data and the least cost combination which obtained from
survey data might be as follows:

The most profitable rate of 3-12-12 fertiliger application obtained
from the results of the five variable equation was approximately 220
pounds and from the seventeen variable equation was approximately 260
pounds while the most profitable rate of 0-12-12 fertilizer plus 10
pounds nitrogen top dressing in the six variable equation was approxi-
mately 48 pounds and of 0-30-10 fertilizer plus 10 pounds nitrogen
top dressing in the eighteen variable equation was approximately 46
pounds, The 0-12-12 and 0-30-10 fertilizers were the least cost
combination that were derived from six and eighteen variable equations.
If these figures were compared with the experimental results, it appears
that the application rate of 3-12-12 fertilizer indicated by the survey
data might be slightly more than one-half those indicated by the experi-
mental results. The most profitable rates of 0-12-12 and 0-30-10 ferti-
lizer plus 10 pounds nitrogen top dressing was not available from
experiments to compare with results from the survey data, but the

114



Hsiang Hsing Yeh

results derived from the survey data appeared low. Nitrogen top dressing
was used as an independent variable in the survey data and as a fixed
variable in experimental design

The least cost combination for N-P-K fertilizer analysis were
approximately 2-2-1 in the five variable equation and 4-10-1 in the
seventeen variable equation while the least cost combination for N-P-K
fertilizer plus nitrogen top dressing were approximately O-l-l in the
six variable equation and 0-3-1 in the eighteen variable equation. If
these combinations were compared with l-L4-lj in experimental data, it
appears that an increase in nitrogen and a decrease in potassium in the
fertilizer analysis used by farmers might be recommended in the future
years. It also suggests that the future research projects for determin-
ing the optimum fertilizer applications should give more attention to
least cost combinations than has been the case in the past.

Thus, while the results of this analysis indicate that the use of
survey data to determine imput-output relationships is feasible, further
testing and methodological research is indicated before it can become

a useful research tool.
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CHAPTER 1
INTRODUCTION

Wheat is Michigan's most important cash grain crop. Since 1866,
vhen the first crop estimates were made, the acreasge of wheat has
fluctuated between the high of 1,985,000 acres in 1882 and in 1884
to the low acreage of 661,000 in 1943, The acreage of vhutl has
been reduced in recent years by the acreasge allotment program. But,
thoyieldofuﬁutw acre has had a definite upward trend. The
first five-year (1866-70) average was ll,8 bushels per acre. The
1945-49 average was 26.3 bushels per acre. The average yield was
30.0 bushels per acre in 1954. The upward trend in part is due to
improving some practices and increasing the rate of fertiliser
spplication.

The objective of this study is to test a technique of estimating
input-output relationships for wheat in Michigan using sampling data.
A better knowledge of these input-output relationships are needed to
make recommendations to farm operators regarding the optimum amount
of fertiliser of a given mutrient combination that they should use
in order to maximise their profit from producing wheat.

1
The data on acreages and yields were obtained from Michiganm
Agricultural Statistics, lLansing, Michigan,



Up to the present time there has been very little inmput-output data
available for most Michigan crops. The data that has been available has
come from controlled experiments on plots on the University experimental
farms, Most of the experiments on crop response to fertiliger appli-
cations have not been designed to answer economic questions. Due to
limitations of cost they generally have included a relatively limited
range of applications of fertilisers. In nearly all cases they have
been done using one or two different analysis of fertiliser which
have assumed that the nutritive ratios tested were the least-cost
combination under all oconditions, In addition, the application of
results from experimental plots to actual farm conditions makes
several assumptions regarding the relationships between fertiliser
applications and other production practices.

It was felt that survey data on input-cutput relationships on
farms might provide one method of obtaining increased amounts of
input-ocutput data for some crops.

The survey data in this case was a portion of a Farm Management
Survey Qmuestionnaire collected from hll farms in 1954 which included
yield and imput data for wheat for the crop years 1952-54 in fowr
areas of the state,

It was felt that this input-output data from this survey might
mest a desirable degree of reliability of results at a lower cost
than the information could be obtained by other methods, In addition,
the survey data is related to some actual farm conditions and if use-
able might overcome some of the problems of applicability of experi-
mental data to farm conditions,



Some economic theories relevant to these problems are discussed and
related to the farm business in Chapter II,

Chapter III describes the survey data used in this study and method-
ology employed in measuring the input-output relationship by fitting a
Cobb-Douglas production function.

The effects of fertiliser application of various rates on total
and marginal physical product of wheat from available experimental
data are presented and discussed in Chapter IV, These data are used
both as a check on the survey data and to indicate the optimum amount
of fertilizer that should be used according to the experimental results
currently available.

Chapter V deals with the fitting of the fumetion to the survey
data and an appraisal of the statistical results., Comparison of the
results between experimental and survey data are indicated in this
chapter,

The final chapter includes the general conclusions obtained from
the research and suggests possible future research that might be done
in this area.



CHAPTER II
THEORETICAL BACKGROUND

A statement of a useful classification which covers most of exist-
ing economic theory divides it into two broad categories. The first
category of economic theory is the static economic theory covering
micro and macro-static economic theory. The theory usually considered
when the word static is used is a theory of a given number of exact
relationships smong the same given nmmber of economic variables., An
exact relationship, as used herein, is one which has a standard devi-
ation of sero. In a theory of exact static relationships, the magni-
tudes of certain variables can and are permitted to change as the
theory is used to explain the changes which ocowr when the value of
one or a set of variables is changed. The second category of economic
theory is the dynamic economic theory covering micro and macro dynsmic
economic theory. This theory is oconcerned with the time relation-
ships of economic variables.

There have been varicus levels of development and integratiom
achieved within and between these various categories. Both micro-
static and macro-static economic theories have baa rather well
developed and integrated. On the other hand, the dynsmic systems
of theory have yet to achieve a comparable development and inte-
gration.



A major difficulty associated with static economic theory has been
the nature of the assumptions made. By assuming as fixed most of the
changes or variable factors, the system has been simplified at the
expenses of reality. Technology, wants and preferences, asset distri-
bution, and institutions have been posited as unchanged. At the same
time, individuals have been assumed both rational and as having perfect
knowledge.

Dynamic systems of eoconomic thought have arisen when one or mere
of the static assumptions have been relaxed, Although the dynamic
systems may be more realistic in their assumptions, the attendant
complexities have inhibited their usefulness to a large extent.

One of the areas of static production theory is factor-factor and
factor-product anslysis. This area is concerned with problems of
resource combination and allocation in the production of a single'
product. In this thesis, static fastor-factor and factor-product
theory is applied to both experimental data and sampling data by the
joint use of mathmatics (as represented by the "Cobb-Douglas function")
and statistiocs,

The Production Function
The production funsction has been expressed as the ooncept of the
factor-product relationship or the imput-ocutput relationship, This
concept refers to the relationship between the input of facter and
the output of product.
The problems for which static factor-factor and factor-product
analysis are useful are one, the determination of proportions in



which inputs should be combined to yield a maxiwum of a product for a
given input or outlay; and, two, the determination of how much of the
various inputs, combined in optimum proportions are required to yield
s maximum profit,

A production function may be expressed as an algebraic equation of
the form

I=¢ (11| X, 13, XyyseeeesXy)

Its meaning is that output Y is dependent on a variable factor
X; while X, is fixed along with resources 13 through X, When some
variable inputs are held constant and others are allowed to vary, a
special relationship exists between input and the rate of output of the
product. This relationship has been termed the lLew of Diminishing
Returns, It may be stated as follows:

"When output depends upon both variasble and fixed inputs, the
addition of a variable imput to fixed inputs results first in out-
put which inocrease at an increasing rate, then increase at a decreas-
ing rate and finally tends to decrease.”

The production function is divided into three stages. Stage II
is a rational area of production with technical efficiency while both
stage I and III are irrational ares of production with technical
inefficiency. These are shown grsphically in Figure 1.

In stage II, marginal physical product decreases contimmously and
is always less than average physical product and greater than or equal
to sero. The boundary of the rationsal area of production extends from
the input denoting a maximum average physical productivity to the one
defining the maximmm total physical productivity. In other words, all
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11 | xz, 13,...., XQ

Figure 1. Relationship of Factor Input to Total, Marginal, and
Average Physical Product, Stages of Production
and Rational Use of Resources,



resource inputs between the one oconsistent with a maximum product per
unit of variable factor and the one consistent with a maximum product
from the fixed factor fall in stage II.

In stage I, marginal physical product is always greater than average
physical product. The average physical productivity of the variable re-
source will increase contimuously as more units are applied to the fixed
factor. As production per unit of fixed factor is pushed to the limits
of stage I, a greater product is forthcoming from the fixed factors as
well as from each unit of the variable factor. Any level of resocurce
use falling in stage I is uneconomic. In stage III, marginal physical
product is less than sero, and additional imput reduces total output.

So, stage III is also an area of irrational production.

In most farm management work, it has been assumed that stage II is
the area in vhich farms are being operated and that farmers cease appli-
cation of variable resources to fixed factors before the upper limit of
stage II has been reached.

A production function involving two variable inputs and an indefinite,
but given, nmber of fixed inputs may be expressed in the following form as

Tef (X, X | X35000eXy)
This equation states that the output of Y depends jointly upon the inputs
ofxlandlzmsmdaﬁnitomwhenthohputa%toxnarohdd
constant, This function may be represented graphically as in Figure 2.
The product contour lines I, TpeeesY;, are called Iso-product curves
because equal amounts of Y are produced by the various combination of
I and X, represented by a given line Y;. Iso-product line Y, is
greater than !l until point E is reached indicating the highest possible



output of Y, The dotted lines, OC and OD, are ridge lines and enclose
both stage I and stage II since in that area all positive derivatives
of Y as dictated by the function Y = £ (X, X, |.x3,....,xn) are in
this area. The marginal physical productivity of both factors X, and
12 are greater than sero falling within the area of the ridge lines
while less than sero falling in outside of the ridge lines, Quanti-
ties of Y also exist beyond the ridge lines but production outside of
the area requires greater smount of either ‘.I. and/or 12 for the same
output than the area enclosed by the ridge lines, Ridge lines, the Iso-
product lines, the Iso-cost line and the scale line are shown in Figure 2,
The line AB is kmown as an Iso-cost line because all oonbinatimofxl
and 12 represented by it have equal total costs, In Figure 2 the Iso-
cost 1line is tangent to Iso-product line Ih‘ Here is the greatest out-
put of T for a given quantity of X;, X, used at that point G.

At the point of tangency, the slopes of the two lines are equal.
The slope of the Iao-product line is the rate of product substitution
of X, for X, which is mﬁ and the slope of the Iso-cost line is the
rate of outlay oubst:ltution which is sz Therefore, the rate of
product substitution is equal to the rato of outlay substitution at the
point of tangency. This may be expressed in form auchu:;fz-;fz-

n

This is the optimm combination of resources. If a series of these
points are joined together the resultant line (EF shown in Figure 2)
is termed the scale line because it indicates the optimum proportions
in which to ombimllandxztoproducoawamoutpnt. For more



Figure 2, A Production Surface Showing Iso-Produce Lines,
Iso-Cost line, Ridge lLines and Scale Line,



than two imputs, they may be combined in scale line proportion. The
optimum combination of X, inputs may be determined by

X 2 Xn

Substitutability and Complementarity Relationships
Resources can be either substitutes or complements. They are comple-

ments vhere they must be oombined in fixed proportions or where a re-
duction in input of one factor cannot be replaced by sn increase in other
factor. Factars are substitutes when output can be maintained as re-
sources are reshuffled, when one factor is reduced in quantity, a second
factor must always be increased. Resources which are complements or
substitutes can be defined by the marginal rate of substitution and are
1llustrated in Figure 3.

Resources are complements when the marginal rate of substitution
is sero or greater.l In Figure 3, the ratio of change, AX, / AXy,
is sero when output is constant and imput of 12 is at the minimm of 0T,
Ir X is increased beyond GR, none of X, is replaced.

Resources are substitutes when the marginal rate of substitution
1s less than sero. In other words, the sign of A X, / AX;, the
marginal rate at which one factor substitutes for another, must be
negative,

A product contour characterising these relationships is illus-

trated in Figure 3. If output is maintained at the 100 units
1

Heady, Earl O, Economics of Ag%cultural Production and Resource Use.
New York: Prentice- s 1nC., 1952, pp. 1L46-1L49.
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X,

Figure 3, A Production Surface Showing Substitution
and Complementary Resources.
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indicated by contour I, P;, at the 200 units by contour I, P, and at the
300 units by contour I, P3, 11 and X, serve as substitutes only between
the extent of the ridge lines as OA and OB, Beyond these extent, in-
crease in imput 12 require that inputs of Xl also be increased.

The Cobb-Douglas Productiom Function

The Cobb-Douglas production function is an exponential equation,
linear in logarithmic form. It was developed by a mathematician,
Charles W. Cobb of Amherst College in cooperation with Paul H. Douglas,
an economist now in the United States Senate,? in 1927-28.

In natural mmbers, the equation is written Y = aX,"l L,°2 ....X Pn
vwhere Y is the dependent variable, 11 to X, are independent categories
of inputs and the exponents (by's) are elasticities of the dependent
variable with respect to their corresponding independent categories of
inputs and a is a constant,

In logarithmic form, the equation is linear and is fitted by linear
maltiple correlation using the least square technique to determine the
bj's. The equation written in logaritimic form becomes:

log T = log a + b; log X + by log 121-.... + by log X,

A function of this type allows the diminishing physical productivity
to be refleocted in the estimated relationship between the dependent and
independent categories. The sum of the b's indicates the nature of the
productivities to scale for the business as a whole, Diminishing

2
Cobb, Charles W. and Paul H. Douglas. "A Theory of Production,"
The American Economic Review, Vol. XVIII, Supplement, (March, 1928).



physical productivity exists if the sum of the b's is less than one,
increasing if greater than one and constant if equal to one.

This function is capable of reflecting any one stage of production,
but for any imput or the sum of any combination of imputs, it can re-
flect only one stage for different inputs at the same time.

Yalue Productivity and Profit

The physical relationships may be converted to value relationships
by sultiplying the marginal, average, and total physical produmcts by
the price of the product. Thus the value of the marginal product, the
value of the average product, .and the value of the total product msy be
obtained, Under oconditions of perfect competition assuming homogemeity
and divisibility of factors and products it is also true that VMP = MVP,
VAP = AVP, and VIP = TVP, The value productivity curves are shown in
Figure L.

The determination of the maximum profit point, when the price of
the product and of the variable inputs is known, can be shown graphi-
cally as in Figure U4 where at point B the Py; line intersects the
MVP line.

These economic theories provide the analytical framework used
in this study to measure input-output relationships for wheat with
experimental (Chapter IV) and survey data (Chapter V)., This gave a
basis for estimating the possibility of getting useful information
via the two different methods.
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Figure L, Relationship of Factor Input to Total, Marginal
and Average Value Production and Location of the
High Profit Point Using Variable Factor

X, with X,, Xa;e000,%; Fixed,



CHAPTER III

METHODS OF SAMPLING AND ANALYSIS

Methods of Gathering Data

The farms visited were selected by the random sampling method and
were drawn from the wheat listing sheets of the County Agricultural
Stabilisation and Conservation Committee. The Sampling data were
collected from 4Ll farms in four areas covering nineteen townships in
five counties. The townships within those counties were selected
with an attempt to maintain approximately a uniform soil type within
each of the areas. Data on the calendar years 1952 through 1954 were
collected. The farms that were visited were distributed among those
four areas as follows:

Five townships in the southern part of Kalamazoo County were in-
cluded in area I and 103 farms were interviewed in this area. The
major farm enterprises are wheat, ocorn, dairy, and hogs. The soil
type is well drained sandy loam.l

In area II, two counties, Oratiot and Isabella, were selected.
Three of the townships and 69 farms were in Oratiot County and LO
farms were interviewed in two townships in Isabella County. The

1
Hill, Elton B. and Russell G. Mawby. Iypes of Farming in Michigan.
Michigan Agricultural Experiment Station, East Lansing, Special
Bulletin 206, September 1954.




17

I
A H
WTM"X‘!"T&E’E[T&}, G
L0 N =
(océ":m;sa':;.m:ifmﬁ ima:;; i : X
“_ll_ -‘mmzn\_";"m-,—rﬁ qm.i‘.hR'E“!i_ = i ! \
-‘r—.'lm""!- ) I:T:l \ !E?itlﬁ'["m | {—\
"'M% :ﬁn“‘}rarw‘hmj i ll’!':am
' v Az r";"'""' i
lb ik A |
VAREAT TV I

j* ...i..4 SIS % -?.L_-—---‘—-
| CALUY ‘_]wsm' .mnmw!mm

4 L—A——l rAREA; b i ! !
L,, b mm't':sm Rt mﬂm".r.a‘a'

AL AR |
Pt 0111 R 7 ¢

Figure 5. Map of Michigan Showing Counties in
Which Surveys Were Taken.



18

major farm enterprises are cash crops and dairy. The soil type is clay
loam to silty clay loam soils.

Five townships in Sanilac County were included in area III and 99
farms were visited. Cash crops and dairy are important in this area.
The soil type is poorly drained loam, silt loam and clay loam.

Four townships in Livingston County were included in area IV and
100" farms were selected. The major farm enterprises are dairy and
general farming in this area. The soil type is well drained loawxy
sands and sandy loam.

A portion of the data sheet used in gathering the information is
shown in Appendix A. The major contents of the questionnaire are
as follows: |

1. Acreage of wheat.

2. Yield per acre of wheat.

3. Seed quality and fertilizer practices for wheat.

k. ILivestock enterprises on the farm.

This interviewing was done by four graduate students and one under-
graduate student in the Department of Agricultural Economies, Michigan
State University. The data were gathered between June 2 and September
16, 1954 and were tabulated between October, 1954 and April, 1955.

Method of Analysis
The estimates for this study were derived by fitting a Cobbe

Douglas funotion., The equation was of the form: X, = d2b2 X3b3....l22b22
and appeared in the log form as

log xl = log & ¢ bz log 12 + b3 log x3 + ceeot b22 log 1220
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By converting the basic data to logs, it is possible by mmltiple linear

regression technique to determine a mean relationship between the

independent variable factor categories and the dependent variable,

physical yield of wheat, which is (1) linear in the logs and (2)

exponential in the natural number,

The variables included in the equations are indicated as follows:

11 H

Iy:

is the logarithm of total yields of wheat.

is the logaritim of total pounds of nitrogem plant food in-

cluding nitrogen top dressing.

is the logarithm of total pounds of phosphorus plant food.
is the logarithm of total pounds of potassium plant food.
is the logarithm of total pounds of nitrogen top dressing.
is the logarithm of total pounds of nitrogen applied at
the planting time.

indicates seed quality, where log 1 indicates certified
seed was not used while log 10 indicates certified seed
was used,

indicates the animal units per acre. log 10 indicates
the presence of no animal units per acre while log 1
indicates some livestock in 1953.

indicates the animal units per acre. Log 10 indicates
0.01~=0.19 animal units per acre while log 1 indicates
the presence of more or less than 0,01--0.19 animal

units per acre in 1953.
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X0t indicates the animal units per acre. Log 10 indicates the
presence of 0.20 or more units per acre while log 1 indicates
less than 0,20 units in 1953.

X135 XypeeeeXppt indicates the relationships between four areas in
which interviewing was done and three years 1952, 1953 and
1954 as follows:

Areas
Yesr .
I II III v
1952 X, X, X)q X0
1953 : Ty Gy In
1954 I3 Lo X9 T2

Log 10 indicates the observed event occurred in a given ares
and year while log 1 indicates that the event did not oeour.

I,;: log 10 indicates the observed event occurred in area I in
1952 while log 1 indicates that it did not ocour in area I
in 1952.

L_l,‘,z Log 10 indicates the observed event occurred in area I in
1953 while log 1 indicates that it did not ocour in ares
I in 1953.

1133 Log 10 indicates the observed event occurred in area I in
1954 while log 1 indicates that it did not ococur in area I
in 195k.

xlh' log 10 indicates the observed event occurred im area II in
1952 while log 1 indicates that it did not occur in area II
in 1952,
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2l

log 10 indicates the observed event occurred in area II in
1953 while log 1 indicates that it did not occur in area II
in 1953.

Log 10 indicates the observed event occurred in area II in
1954 while log 1 indicates that it did not occur in area II
in 1954.

Log 10 indicates the observed event ocourred in area III in
1952 while log 1 indicates that it did not occur in area III
in 1952.

Log 10 indicates the observed event occurred in area III in
1953 while log 1 indicates that it did not occur in area III
in 1953.

Log 10 indicates the observed event ocourred in area III in
1954 while log 1 indicates that it did not ocour in area III
in 195k,

Log 10 indicates the observed event occurred in area IV in
1952 while log 1 indicates that it did not occur in area IV
in 1952.

Iog 10 indicates the observed event ocourred in aresa IV in
1953 while log 1 indicates that it did not occur in area IV
in 1953.

Iog 10 indicates the observed event ocourred in area IV in
1954 .vhilo log 1 indicates that it did not occur in area IV
in 1954,

The data from the questionnaires were arranged in the coded sheets

and were converted into logs and then punched on International Business
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Machine cards. The exponent (by's) were computed by using the Doolittle

Method., The computation work was carried out partly on the Friden

Calculator and partly on the International Business Machine, The five

and six variable equations did not include all of the variables and

were computed on the Friden Calculator. The seventeen and eighteen

variable equations using of the all dummy variables were camputed on
the International Business Machine.

The fertilizer data were fitted into two different forms. In the
first form, fertilizer application were classified into total pounds of
nitrogen (N), total pounds of phosphoric acid (P2°5) , and total pounds
of potassium (K;0). The variable for nitrogen in this form included
nitrogen applied at planting time and nitrogen top-dressing as one
independent variable. The second form of fertilizer application were
classified into nitrogen applied at the planting time and nitrogen top-
dressing as two independent variables,

The total amounts of fertiliser applied by the wheat farmers range
from sero pound to 500 pounds. The nitrogen top dressing range from
pounds to 250 pounds, In addition, to account for the application of
animal manure, the equivalent animal units per acre in 1953 were used to
adjust for differences in resulting soil fertility, sssuming this would
have the same effect on the production of wheat. The conversion rates
for the various types of livestock are shown in Appendix B.

The dumy variables were used in the seventeen and eighteen variable
equations to allow for differences in weather between years and for dif-

ferences in soil type between the four areas,



CHAPTER IV

ANALYSIS OF INPUT-OUTPUT RELATIONSHIPS
FROM EXPERIMENTAL DATA

In order to evaluate the usefulness of survey data, it seemed
desirable to compare it with available experimental data. Two con-
trolled experiments using different fertiliser applications were
available for this purpon.l One fertiliszer used was 3-12-12 ferti-
lizer. The applications began with sero pounds and increased at 25
pound increments until they reached a maximum of 550 pounds. The
yield ranged from 23 bushels of wheat at zero pound of fertiliser
to 42,8 bushels when using 550 pounds of 3-12-12. The second experi-
ment included a combination of 3-12-12 fertilizer and nitrogen top-
dressing as before, the 3-12-12 was increased in increments of 25
pounds until a maximum of 550 pounds m reached, but in each case
there was an additional application of 20 pounds of nitrogen top-
dressing. The yield ranged from 27.0 buahela vhere sero fertilizer
was applied to 43.9 bushels where 550 pounds of 3-12-12 plus 20
pounds of nitrogen top-dressing was applied.

The relationships between the total and marginal physical product
in the two experiments are shown in Table I and are illustrated graphi-

oally in Figures 6 and 7.

1
The fertiliszer input data is the result of experimental work done by
the Department of Soil Science, Michigan State University. Fertilizer
applications of differing amounts and various analysis were applied on
Fox sandy loam in 1946 to 1947.



TABLE I

THE EFFECT OF INCREASING RATES OF FERTILIZER APPLICATION OF THE
TOTAL, MARGINAL, AND AVERAGE PHYSICAL PRODUCT FOR WHEAT

-12-12 Fartiliser
3=12-12 Fertiliger Plus 20 Pounds Nitrogen
Pounds of Top-Dressing
Fertiliser PPt MPPD APPS TPPA  MPPO APPC
Bushel Bushel Bushel Bushel Bushel Bushel

0 23.0 27.0
1. 1.
25 2li.5 . ;5 1.50 28.4 4 1.40
50 26.0 1'5 1.50 29.5 1‘1 1.28
75 27.5 . 1.50 30.6 -1 1.20
1.5 | 1.0
100 29.0 1,50 32,0 1.25
1.4 1.2
125 30.4 1.48 33.2 1.24
1.4 1.2
150 3.8 1.47 340 1.23
1.3 1.2
175 33.1 1.4 35.6 1.23
1.3 1.2
200 bk 1.43 36.8 1.22
225 35.7 1.3 1.4 38,0 1.2 1,22
1.3 1.1
250 37.0 1.40 39.1 1.21
1.0 1.1
275 38.0 1.36 40.2 1.20
1.0 0.8
300 39.0 1433 41.0 1,17
325 140.0 10 1.31 1.8 0.8 1.1h
* 0.9 * * Ouk *
350 40.9 ot 1,28 b2.2 - 1.09
315 1.6 O’ p 1.24 42,6 o.h 1.04
100 k2.1 0.5 1.19 3.0 0:3 1.00
425 k2.6 ol 1.16 L3.3 003 0.96
ﬁ :3 ’z 0.0 I; 33': 0.2 O’ZZ
3 0.0 * 3 0.2 0.
500 k3.0 o1 1.00 L0 0.0 0.85
525 12,9 : 0.95 ) ’ 0.81
0.1 0.1
550 42.8 0.90 u3.9 0.T7

* TPP; Total physical product for wheat.

b vpp; Marginal physical product.
C APP: Average physical product.
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Average Physical Product for Wheat,
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Where only the 3-12-12 fertilizer was used the TPP, of wheat con-
tinues to increase at a decreasing rate as long as the MPPy decreases
but is greater than zero. It reaches a maximm at a point C in Figure
6, 43.0 bushels, as the MPP, becomes gero at a point B, The MPP,
decreases continuously and is equal to sero where 19 units of 3-12-12
fertilizer were used. The line BC in the Figure 6 indicates the end
of a rational area of production of wheat.

Figure 7 shows the same relationships for the 3-12-12 plus the
addition of a 20 pound application of nitrogen top-dressing. Using
the same method of locating the end of a rational area of production
for wheat, it is reached a point B in Figure 7 where 20 units of
3-12-12 fertiliser plus 20 pounds nitrogen top-dressing is used. The
TPPx + 20 pounds nitrogen reaches a maximm at a point C, L44.O bushels,
as the 1.':5"1’x + 20 pounds nitrogen becomes sero at a point B.

In order to determine the point of the highest profit, we must
take into consideration the price of the imput and the price of the
output. Of course, we must realize that recommendation ooncerning
optimum amount of any input which are made under one set of price con-
ditions will change under a different set of price conditions.

We can derive a fundsmental condition which will hold true for any
problem concerning the optimum use of a varisble input. This condition
is that the marginal value product (MVP) of any imput (X;) must equal
the price of the variable input le. This equation of this statement

can be stated algebraically in the following manner,
MVPy

MVle-leor F__l -7

]



28

This equation tells us several things:2 (1) If the last unit of
X; does not pay for itself less of X; should be used, (2) If the last
unit of X more than pays for itself more of X, should be used and
(3) the use of X; should be stopped at the point at which X; Just pays
for itself,

The Pricing of Output and Imput

If we apply a set of prices to Table II, we can determine the most
profitable rate of production. Let the price of each unit of 3-12-12
fertiliser be $0.50 in 1952, $0.47 in 1953, and $0.4b6 in 1954 while the
price of each unit of 3-12-12 fertiliser plus 20 pounds nitrogen top-
dressing be same as the price of 3-12-12 fertilizer. Because of
additional 20 pou;ds nitrogen top-dressing are kept constant as a fixed
cost. The price of each bushel of wheat for 1952 would be §1.97, for
1953 would be $2.00 and for 1954 would be $2.09.k

The Most Profitable Rate of Application of Fertilizer

According to the equation, MVP, = P_ or :& =1, we find the
e B | xi
most profitable rate of application in 1952 was 434 pounds of 3-12-12

fertilizer and 436 pounds of 3-12-12 fertiliszer plus 20 pounds nitrogen
2

Bradford, Lswrence A., and Glenn L. Johnson. Farm Management Analysis.
New York: John Wiley and Sons, Inc., 1953, pp. -117.
Price of 25 pounds increment of 3-12-12 fertiliser was collected from

the Davison Chemical Company, Lansing, Michigan. MFC = $0.50 in 1952,
MFC = $0.47 in 1953, and MFC = $0.46 in 1954 for 3-12-12 fertilizer.

3

Wheat prices are the seasonal average price per bushel for crop years
1952-54 received by Michigan farmers as shown in Michigan Agricultural
Statistics.
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. TABIE II

THE EFFECT OF INCREASING RATES OF FERTTLIZER APPLICATIONS
ON THE MARGINAL VALUE ERODUCT FOR
WHEAT IN 1952-54

~ 3=12-12 Fertilizer Plus 20
Pounds Hitroen Top -

Cods of 3-12-12 Pertiliser

° Qe 2 o Re ° o 097 Ue ° A ° °

2; 2.9 3.0 3.4 2.76 2.80 2.93
% 2.96 3.00 3.1 2.17 2.20 2.30
- 2.96 3.00 3.1 2.7 2.20 2.30
100 2.96 3.00 3.1h 2.76 2.80 2.93
125 2.76 2.80 2.93 2.3 2.40 2.51
150 2.76 2.80 2.93 2.36 2,10 2.51
178 2,56 2.60 2.72 2.36 2.40 251
00 2.56 2.60 2.72 2.36 2.10 2.51
- 2.56 2,60 2.72 2.3 2.0 2.51
260 2.56 2,60 2.72 2.17 2.20 2.30
275 1.97 2.00 2.09 2.7 2,20 2.30
%0 1.97 2.00 2,09 1.58 1.60 1.67
325 1.97 2.00 2.09 1.58 1.60 1.67
250 1.77 1.8 1.88 0.79 0.80 0.8l
5 1.38 1.40 1.6 0.79 0.80 0.84
. 0.99 1.00 1.05 0.79 0.80 0.84
125 0.99 1,00 1.05 0.59 0.60 0.63
5o 0.79 0.80 0.84 0.59 0.60 0.63
u75 0.00 0.00 0.00 0.39 0.0 0.42
pie 0.00 0.00 0.00 0.39 0.0 0.42
525 -0.20 0.2 -0.21 0.00 0.00 0.00

«0.20 0,20 -0.21 0,20 -0.20 -0.21

550
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top-dressing while the most profitable rate of application in 1953 was
435 pounds and in 1954 was 436 pounds of 3-12-12 fertilizer and Li1
pounds in 1953 and 445 pounds in 1954 of 3-12-12 fertilizer plus 20
pounds nitrogen top-dressing. These are shown graphically for the
year 1952 in Figure 8.

In Figure 8, the following evaluations can be made from a study of

the experimental data:

1. The essence of the law of diminishing returns exists in the
experimental data.

2. An increase in the price of wheat and a decrease in the price
of fertilizer from 1952 to 1954 would increase the amount of
fertilizer which it pays to use and the amount of wheat it
pays to produce.

3. All changes in the use of fertilizer as a result of changes in
price of wheat and fertilizer are limited to stage II in which
MVP < AVP and in which MVP »> O,

Thus, it appears that the experimental data provides some basis

for comparison for the field survey data. Some of the limitations
and weaknesses of the experimental data will be discussed at a later

point.
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CHAPTER V

AN KVALUATION OF THE STATISTICAL RESULTS
AFTER FITTING THE FUNCTION

The data from the field survey was fitted in four different forms.
The first equation included five variables: total nitrogen input,
total phosphorus input, total potassium imput, seed quality, and live-
stock intensity. A six variable equation was fitted using the same
variables except that the nitrogen input was divided into that applied
at planting time and nitrogen applied as top-dressing., Each of these
equations were fitted three times using a different durmy variabie for
livestock intemsity per acre to test the effect this had on the co-
efficients for the inputs of mutritive elements.

The other equations fitted included seventeen and eighteen vari-
ables. The seventeen variable equation included the variables of the five
variable equation and an additional varisble for livestock intensity and
eleven additional dummy variables to allow for variations in area and year.
The eighteen variable equation was the same as the seventeen variable
equation but it included two variables for nitrogen inputs as did the six
variable one discussed above.

The method followed in fitting the Cobb-Douglas function was that
presented by M. ltlzeslc.'t.all for fitting a normal equation and coefficient

Ezekiel, Mordecal. Methods of Correlation Analysis, 2nd Edition.
New York: John Wiley and Sons, Inc., 1949, pp. 208-212.

1
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of multiple correlation. Hemce, the normal equation were solved by
the Doolittle Method, The resultant regression coefficients (elastici-
ties), multiple correlation coefficients (1;), coefficients of multiple
determination (R2) for the seversl independent varisbles and their
corresponding standard error of estimate (S), standard error of
regression coefficients ( Ub;) and constant (a) for the function in
each case were indicated in Tables III and IX and are discussed in

the following sections.

The Results of the Five and Six Variable Equations

In Table III, the regression coefficient for nitrogen plant food
(X5) in the five variable equation was significant at the five per-
cent level while the regression coefficient for nitrogen top-dressing
in the six varisble equation was significant at one percent level by
wt® test. This indicates that increasing quantities of nitrogen top-
dressing might increase the yleld of wheat per acre. The sign of the
regresssion coefficient for nitrogen applied at planting time in the
six variable equation was negative. The regression coefficient for
nitrogen applied at planting time was not significent by "t® test.
According to Tintner and Brownlee ,2 "Negative regression coefficients
within the range of inmputs on most farms are meaningless."

The regression coefficient for seed quality was significant in
the five variable equation at the one percent level of significance

-

2
Tintner, Gerhard, and D. H. Brownlee, "Production Functions Derived

from Farm Records," Journal of Farm Economics, Vol. XXVI,
(August, 19Lk).
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TABLE III
REGRESSION COEFFICIENTS, STANDARD ERRORS OF REGRESSION COEFFICIENTS, CORFFICIZNTS OF MULTIPLE
CORRELATION, COEFFICIENTS OF MULTIPLE DETERMINATION AND STANDARD
ERRORS OF ESTIMATE IN FIVE AND SIX VARIABLE EQUATIONS
| N (X5) Po05 (X3) K20 (X),) Nitrogen T?E Dressing | Nitrogen Applied at Certif%ed Seed Zero Knimalxphits 0.01=-0,19 Animal 0.20 or more Animal k5 3
Cases | a by 0o b 0b b 0By g) Planting Time (Xg) X7) Per Acre (48) Units Per Acre(X)| Units Per Acre(Xip) R R? 5
{ e l.n l.n l.n l.n aB bi.n 0bl.n 0.0 0b1.n 51.n 0b1.n bi.n 0b1,n bl.n 001,n bl,n 0bl.n
| 1.38150 | 0.02673"° 0.01103 | 0,04777* 0.0185k4 | 0,00967 0.02132 - - - - 0.01618%% 0.00331 | -0.00922 0.00331 = - - - 0.21627|0.04677|0. 10646
1 : ’
| 1.37869 | 0.02668% 0,01088 | 0.04760% 0.02102 | 0.01029 0.02102 - - - - 0.0160L** 0.00328 - - -0,00012 0.00656 - - 0.21319|0.04545|0,10552
|
| |
3 | 1.37798 | 0.02612% 0.01163| 0.04898% 0.02130 | 0,00815 0.02130 | - - - - 0.01578" ¢ |0.00332 - - - - 0.01373% 0.00941 |0.21797|0.,0L751|0.,10641
i
b | 1.38637 - - | 0.05338% 0.02143 | 0,01722 0.02133| 0.02303"*  0.00709 | =0.00521 0.01423 0.015687 0401035 | -0.00977 0.00783 = - - - 0422291 |0.,04969|0,10629
’\, |
5 § 1.38241 - - } 0.,05290% 0.021L5 | 0.01769 0.02136 | 0.02300°"  0,00712 | =-0.00435 0.01616 0.01563%  0.01036 - - 0.00143  0.00696 - - 0.21955|0,04820| 0.10638
\ :
6 % 1,38264 - - ! 0.05427° 0.021L5 | 0.01537 0.02133 | 0,02248™*  0.,00709 | =0.004kl 0.01k02 0.01532#  0,01035 - - - - 0.01337# 0.00946 | 0.22387|0.05011| 0,10627
| |
Remarks: **, 1 percent level of significance for regression coefficients by "t" test. >

#*: ©§ percent level of significance for regression coefficients by "t" test.
#:

-: Varizble not included in this equation.

32-6 percent level of significance for regression coefficients by "t" test.
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and in the six variasble equation at the 32-6 percent level, This indi-
cates that using certified seed might increase the yield of wheat per
acre,

It will be noted that negative regression coefficients were obtained
for sero animal units per acre in the first case and in the fourth case
and for 0,01-0,19 animal units per acre in the second case., The re-
gression coefficient for animal units were not significant. But, the
regression coefficient for animal units both were significent in the
third case and in the sixth case at 32-6 percent level of significance.
This suggests that the presence of 0.20 or more animal units per acre
might increase the yleld of wheat per acre.

After tasking nitrogen top-dressing and nitrogen applied at plant-
ing time as two independent variables in the six variable equation,
the significance of the regression coefficient for seed quality dropped
from one percent level in the five varisble equation to 32-6 percent in
the six variasble equation. The regression coefficients for nitrogen
applied at planting time in the six variable equation were not signifi-
cant, This suggests that the regression coefficients in the five
variable equation were affected by the intercorrelation between the
use of certified seed and nitrogen top-dressing or between good
practices and the use of nitrogem top-dressing.

The cosfficient of multiple determination or R? was approximately
0.05 in both five and six variable equations showing that five percent
of the variance in the dependent va.riabh or the yield of wheat was
associated with two forms of fertiliser applications. The remsining
95 percent of the variation of the dependent variasble may have been
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due to other input factors such as labor, machinery or other unstudied
variable factars such as weather and management which wers assumed to
be normally distributed.

The logarithm of the estimated yields of wheat E (Y) was approxi-
mately 1.3810 in both five and six variable equations, the antilog of
which is 24.0L bushels, The standard error of estimate (S) of the
dependent variable was found to be approximately 0.1060.

The sum of the regression coefficients (elasticity) were less
than one in both five and six variable equations, and decreasing
returns to scale are indicated in the 411 farms.

The multiple correlation coefficients (ﬁ) were between 0,21319
and 0,22387 in the five and six variable equations. With 978 obser-
vations and either five or Qix independent varisble and one dependent
variable, this high a multiple correlation coefficient would be
expected in one sample out of a thousand if the true R containing
five varisbles in five percent level of significance were 0.097 and
in one percent level of significance was. O.IlII.S.3 Consequently the
correlation is significant.

The TFP per acre was derived by using various rates of fertiliszer
applications to fit in each of five and six variable functions in the
logarithmic form. The MPP was the additional yield of wheat result-
ing from the last 25 pounds increment of fertiliszer.

3
Ferber, Robert. Statistical Techniques in Market Research, lst Edition,
New York: McGraw-Hill Book Company, In-Z., PPe 520-521.
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Tables and figures derived from the data from the five and six
variable equations illustrate the essence of the law of diminishing
returns and show the effect of increasing rate of two forms of ferti-
ligzer applications on the total, marginal physical products and marginal
value products under different price conditions., These are also related
to three different variables representing animal units and indicate the
effect of using the different analysis of fertiliser such as 3-12-12
fertilizer and 0-12-12 fertiliser plus ten pounds nitrogen top-dressing
on the yield of wheat., The 0-12-12 fertilizer analysis was the least
cost combination which was derived from the six variable equation and
is discussed in the following sections,

All TPP figures in Table IV were derived by fitting the five
variable equation for 3-12-12 fertiliger with three different animal
unit varisbles included. In Tsble V the TFP of wheat per acre was
derived by fitting the six varisble equation for 0=12-12 fertilizer
plus ten pounds nitrogen top-dressing with the variables for three
intensities of animal units per acre included.

The relationships between the total and marginal physical
products in two forms of fertilizer applications and the comparison
on the yleld of wheat per acre with three different animal unit
variables included were illustrated as follows:

The TFP per acre was contimuing to increase at a decreasing
rate in both five and six variable equations as long as the MPP
decreased but was greater than sero. The TPP per acre of wheat
was slightly greater in 0-12-12 plus nitrogen top-dressing than in
3-12-12 fertiliser.
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The profitable rate of fertiliszer application indicated by the survey
data can be derived by fitting the equation: the MVP of any inmput (‘1)
mst be equal to the price of the variable input (Pxi). The price of
wheat and the price of fertiliser used were the same as used previously
in Chapter IV for the crop years 1952 to 1954.

The most profitable rate of two forms of fertilizer application and
the most profitable yields for wheat per acre with different intensities
of animal units per acre in 1952-54 are shown in Table VI. If these
figures are compared with the experimental results, they appear to
indicate that application rates of 3-12-12 fertiliser derived froam the
survey data are approximately 100 and more pounds lower than the rates
indicated by the experimental data. The most profitable application
rate for 0-12-12 fertiliszer plus 10 pounds nitrogen top dressing appears
to be very low, The TPP and MVP for the experimental and survey data
with 1953 prices are shown in Figure 9.

Once the regression coefficients of the various imput categories
were determined, it is possible to derive estimate of marginal value
products from the foarmula

_ B E(V)
HVPxi X,

where bi is the regression coefficient (elasticity) of gross income

with respect to corresponding inputs, E (Y) is estimated gross income,
and X; is the quantity of the imput. E (Y) and X; are measured in
natural numbers., The MVP of each inmput categories indicates an in-
crease in gross income resulting from an increase in the use of IX;.
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Yields of Wheat Per Acre (Bushel)

Value of Wheat Per Acre (Dollar)

{ {
100 200 300 L00 "500
Pounds of Fertilizer

Figure 9, A Comparison between Experimental and Survey Data of the
Effect of Increasing 3-12-12 Fertiligzer Application
on the Total Physical Product and Marginal
Value Product for Wheat with 1953 Prices
Using tho Five Variable Equetion,
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The MVP for the various input categories in the survey data computed
at their geometric mean were shown in Table VII. In the five variahle
equation, the MVP for one pound of nitrogen plant food was approximately
$0.160 with 1952 prices while the MVP were approximately $0.161 and $0.168
with 1953 and 1954 prices. The MVP for one pound of phosphorus plant food
and one pound of potassium plant food were approximately $0.077 and $0.019
for 1952 prices. They were $0.078 and $0.019 for 1953 prices and $0.082
and $0,020 with 1954 prices., This indicates that returns for one pound
of nitrogen plant food was probably twice that for ome pound of phosphorus
plant food and eight times that for one pound of potassium plant food.

Under 1952, 1953 and 1954's price conditions, the MVP for one pound
of nitrogen applied at planting time was approximately zero or less and
for one pound nitrogen top dressing was approximately $0.68. The MVP
for one pound of PpOg plant food was approximately $0.09 and for one
pound of K50 plant food was spproximately $0.03. A negative MVP for
one pound of nitrogen spplied at planting time is meaningless in this
study.

Under a set of price conditions, the least cost cambination for
N-P-K fertilizer ratio might be two-two-one in the five variable equation
and gero-one-one in the six variable equation shown in Table VIII, These
were derived by the formula

MVP MVP MVP
o . _B% . _2 .,

¥y, MFCp,05 MCr,0

where HVPxi is the marginal value products of the X; input categaries

and )ﬁ‘cxi is the marginal factor cost for the corresponding X; input.
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It appears that the ratio of the commercial fertilizer used by
farmers was weighted too much on potassium and too little on nitrogen.
In other words, there might be an increase in nitrogen and a decrease
in potassium in the fertiligzer ratio used.

The Results of the Seventeen and Eighteen Variable Equations

As presiously memtioned, the seventeen variable equation included
nitrogen plant food as one independent variable and dummy varisbles to
represent different soil types and years. The eighteen variable
equation was the same as in the seventeen variable equation except
nitrogen top dressing and nitrogen spplied at planting time were
separated as two independent variables.

In Table IX, the regression coefficients for total nitrogen plant
food including nitrogen top dressing in the seventeen variable equation
was significant at the one percent level while the regression coefficient
for nitrogen top dressing was significant at five percent level by "t®
test. This indicates that increasing quantities of either the nitrogen
plant food or nitrogen top dressing might increase the yield of wheat
per acre,

The regression coefficient for seed quality was significant in the
seventeen variable equation at the one percent level and in the eighteen
variable equation at the 32-6 percent level of significance by "t" test.
This indicates that using the certified seed might increase the yield of

wheat per acre.



TABLE IX

REGRESSION COEFFICIENTS, STANDARD ERRORS OF REGRESSION COEFFICIENTS, COEFFICIENTS
OF MULTIPLE CORRELATION, COEFFICIENTS OF MULTIPLE DETERMINATION, AND STANDARD
ERRORS OF ESTIMATE IN SEVENTEEN AND EIGHTEEN VARIABLE EQUATIONS

Seventeen Variable Equation

Eighteen Variable Equation

Variables and Others bl.n 651.n % .n GBl.n

Total Ngnplant food including N top I
dressing X2 0.01277 0.00001 - -

Total P,0g plant food X, 0.,068L5**  0.01700 0.,07176™™ 0.02101
Total K,0 plant food X, 0,00278  0.02596 0.00858  0.02068
Nitrogen top dressing Xy - - 0,01482%  0.00678
Nitrogen applied at planting time X6 - - -.01001 0.0131L
Seed quality Xy 0.01381* 0.0000L 0.013397  0.00972
0.,01-0,19 animal units per acre X, 0.00985**  0.00001 0.01142%  0.00762
0.20 or more animal units per acre X 0.01771%%  0,00981 0.01861#  0.01033
Area I, 1952 X4 0,08262%% 0,00981 0.08290"* 0,01613
Area I, 1953 X, 0.12301*% 0.00981 0,12246"*  0,01562
Area I, 195k X3 0.08579*  0.00981 0.08585** 0.01536
Area II, 1952 & Xy, 0,09463**  0,00981 0.09485™*  0.01595
Area II, 1953 X 0.09272"*  0.00981 0.09197** 0.01519m
Area II, 1954 X6 0.13L5L**  0,00981 0.13312%* 0,01538
Area III, 1952 Xy 0.04938"%  0,00981 0,05031** 0.01627
Area IIT, 1953 X8 -.00019  0.00981 - -
Area III, 195k X9 0.09163**  0.00981 0.093L1** 0,01570
Area IV, 1952 o0 0,07347**  0.01388 0.07361°F  0.01652
Area IV, 1953 X5y 0.09436™ 0.01388 0.09311""  0,01586
Area IV, 1954 X2 - - -.00055  0.01595
1} 0.L1455 0.L41795
_2 0.17185 0.17468
S > 0.09923 0.09906
a 1.28426 1.28686
Remarks: *¥: 1 percent level of significance for regression coefficients by "t" test.

;: 5 percent level of significance for regression coefficients by "t" test.

32-6 percent level of significance for regression coefficients by "t" test.

Variable not included in this equation.

R -

LN
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After taking nitrogen top dressing and nitrogen applied at planting
time as two independent varisbles in the eighteen variable equation, the
significance for regression coefficient for seed quality dropped from one
percent level in the seventeen variable equation to 32-6 percent in the
eighteen variable equation. The regression coefficient for nitrogen
applied at planting time in the eighteen variable equation was not signifi-
cant, This again suggests that the regression coefficient were affected
by the intercorrelation between certified seed and nitrogen top dressing
or between good practices and more nitrogen top dressing. But the yield
of wheat was not increased by nitrogen applied at planting time.

It will be noted that negative regression coefficients were obtained
for Area III in 1953 (X;g) in the seventeen variable equation and for
nitrogen applied at planting time (Xg) and for Area IV in 1954 (X,,)
in the eighteen variable equation. These indicate that the negative
regression coefficients for nitrogen applied at planting time and far
dummy variasbles of Area IIT in 1953 and of Area IV in 1954 were mean-
ingless. The regression coefficients for these durmyy varisbles X,g
and Iy, and for nitrogen applied at planting time were not significant.
It might indicate that weather or other physical conditions for Area
III in 1953 and for Area IV in 1954 decreased the yisld of wheat per acre.

The regression coefficients were significant for both 0.01-0.19 and
0.20 or more animal units per acre in the seventeen variable equation at
one percent level of significance and in the eighteen variable equation
at 32-6 percent level of significance by "t® test, indicating a positive
relationship between animal units per acre and the yleld of wheat per

acre.
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The coefficient of multiple determination or 1-22 was approximately
0.17 in both seventeen and eighteen variable equations showing that
seventeen percent of the variance in the dependent variable or the
Yield of wheat per acre was associated with the variables included in
the equation. The remaining eighty-three percent of the variation in
the dependent variable (Y) may have been due to other factors such as
labor, machinery or other unstudied variable factors such as weather
and management which were assumed to be normally distributed.

The logarithm of the estimated yields of wheat E (Y) was approxi-
mately 1.2853 in both seventeen and eighteen variable equations, the
antilog of which is 19,29 bushels per acre. The standard error of
estimate (S) of the dependent variable was found to be approximately
0,0991. |

The sum of the regression coefficient (elasticities) was greater
than one in both seventeen and eighteen variable equations indicating
increasing returns to scale on the 411 farms. But, the TFP figures
shown in Table X were increasing at a decreasing rate. This may have
been influenced by the durmy variables which were classified as fixed
variables in the Cobb-Douglas function.

The multiple correlation coefficients (R) were 0.41455 and 0.41912
in the two equations, Under the conditions of 978 observations with
elther seventeen or eighteen independent variable and one dependemt
variable, this high a multiple correlation coefficient would be expected
in one sample out of a thousand if the true R containing five variables

in five percent level of significance were 0.097 and in one percent level
of significance were 0.115. Consequently the degree of correlation is
significant.
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The TPP per acre was derived by using various rate of fertilizer
applicastions to fit in both seventeen and eighteen variable equations in
the logarithm form.

In Table X, the TPP per acre was continuing to increase at decreas- ‘
ing rate in the seventeen variable equation for 3-12-12 fertilizer and
in the eighteen variable equation for 0=30-10 fertilizer plus 10 pounds
nitrogen top dressing as long as the MPP decreased but was greater than
sero. The 0-30-10 fertilizer analysis was the least cost combination
which was derived from the eighteen variasble equation. The TFPP per acre
was greater in 0-30-10 fertiliser plus nitrogen top dressing than in
3-12-12 fertilizer. The survey results also show the offect of using
small amount of fertiligzer in higher analysis would produce higher
yields per acre than larger amount of fertilizer with a lower analysis.
For instance, 200 pounds of 3-12-12 fertiliger was required to furnish
the plant food contained in 100 pounds of 0=30-10 fertiliger plus 10
pounds nitrogen top dressing with smaller yields per acre.

The TPP per acre probably the highest in Area II from 1952-54 while
the TFP per acre in Area I was the second highest, in Area IV was third
higher and in Area III was the lowest from 1952 to 1954. This indicates
that the effect of the good soil types on higher yields per acre assuming
other factors studied were constant.

The most profitable rate of 3-12-12 fertiliser application for the
seventeen variable equation were 2Ll pounds with 1952 prices, 269 pounds
with 1953 prices, and 288 pounds with 1954 prices. If these figures were
compared with the experimental results, it would indicate that an appli-
cation rate of 3-12-12 fertiliger in the survey data would be about



TABLIE X

THE EFFECT OF INCREASING RATES OF 3-12-12 FERTILIZER FOR
SEVENTEEN INDEPENDENT VARIABLES AND 0-30-10 FERTILIZER
PLUS 10 POUNDS NITROGEN TOP DRESSING FOR EIGHTEEN

INDEPENDENT VARIABLES ON THE TOTAL, MARGINAL

PHYSICAL PRODUCTS AND MARGINAL VALUE
PRODUCTS PER ACRE FOR WHEAT

0=20-10 Fertiliszer Plus 10

3-12-12 Fertilizer

51

;onnd- of | Pounds Nitrogen Top Dressing
ertilizer “rpp  MPP TPP  MPP
ba. bu. ' b c bu. bu. d e b ¢
0 0.00 0.00
2 254l 1 ;2 $2.99 $3.0h 3; 17 26.68 l.bk 33.23 33-28 8313
50 26.96 ° ° ° Y 30.32 . ° ° @
75 89 0.93 1.83 1.8 1.94 1.00 1,97 2.00 2,09
27. 32
0.68 1.34 1.36 1.42 3.3 0.74 1.46 1,48 1.55
100 28.57 32.06
0.55 1.08 1.10 1.15 0.58 1.1k 1.16 1,21
125 29.12 32,64
O.uls 0.87 0.88 0.92 0.48 0.95 0.96 1.00
150 29.56 33.12
0039 0077 0078 0082 O.hl 0.81 0.82 0.%
175 29.95 33.53
0.34 0.67 0.68 0.71 0.37 0.73 0.7h 0.77
200 30.29 33.90
70,27 0.53 0.54 0.56
250 30.86
0.25 0.49 0.50 0.52
215 M523 045 06 0.8
Bw Bl.lh . . . °
0.21 0.4l 0.42 O.uk
325 31.55
t bandcarothomeufootnotes 85 bandcin'l'able Iv.
d Under 1952's price conditions, wheat price = §1,97 per bu. and MFC =
® Under 1953's price conditions, wheat price = $2,00 per bu. and MFC =
$2.10.
t Under 1954's price conditions, wheat price = $2.09 per bu. and MFC =

$2.00.
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one=half that indicated by the experimental data. The TPP and MVP for
the experimental and survey data with 1953 prices are shown in Figure
10.

The most profitable rate of 0-30-10 fertilizer plus 10 pounds
nitrogen top dressing were Ll pounds with 1952 prices, 48 pounds with
1953 prices and 49 pounds with 1954 prices. There were no comparable
experimental results, but the indicated application rate of 0=30-10
fertilizer plus 10 pounds nitrogen top dressing appears to be very low,.

In Table XI, the MVP for one pound of total nitrogen plant food
was approximately $0.06 in the seventeen variasble equation under 1952
and 1953's price conditions while the MVP was approximately $0.07 with
1954 prices. Under 1952 to 1954's price conditions, the MVP for both
one pound of phosphorus plant food and one pound of potassium plant
food were approximately $0.090 and $0.004 in the seventeen variable
equation. This appears that returns for one pound of phosphorus plant
food was probably one-half higher than for one pound of nitrogen plant
food and one pound of nitrogen plant food was probably twelve times
greater than for one pound of potassium plant food. In the same table,
the MVP for one pound of nitrogen applied at planting time was approxi-
mately zero or less under 1952, 1953 and 1954's price conditions and
for one pound nitrogen top dressing was approximately $0.35. The MVP
for one pound of phosphorus plant food was approximately $0.095 and
for one pound of potassium plant food was approximately $0.013. A
negative MVP for one pound of mitrogen applied at planting time is
meaningless in this étnw. It appears that returns from one pound of

phosphorus plant food was probably much greater than for onme pound of



Yields of Wheat Per Acre (Bushel)

Value of Wheat Per Acre (Dollar)
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'I'PPx for
Experimental Data
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Survey Data
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MVPx for
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100 200 300 B ]
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Figure 10, A Comparison between Experimental and Survey Data of

the Effect of Increasing 3-12-12 Fertilizer Application on
the Total Physical Product and Marginal Value Product
for Wheat with 1953 Prices Using the
Seventeen Variable Equation,
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potassium plant food and an increase in gross income would probably be
greatest resulting from an increase in use of nitrogen top dressing.

The least cost combination for N-P-K fertilizer ratio under a set
of price conditions in 1952-54 might be 4~10-1 for the seventeen vari-
able equation and 0-3-1L in the eighteen Variabie equation shown in
Table XII. This again suggests that the ratio of the commercial
fertiliszser used by farmers was weighted too much on potassium plant
food and too little on phosphorus plant food.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

This study was to test the feasibility of estimating input-output
relationships for wheat in Michigan using sampling data. After the
results obtained from experimental and survey data have been compared,
several conclusions can be drawn.

In general, the results obtained from an analysis of both the survey
data and from the experimental plots appeared to conform to the economic
theoary outlined in Chapter II,

The essence of the Law of Diminishing Returns existed in both
experimental and survey data.

The sum of regression coefficients or elasticities were less than
one in all equations derived from the survey data indicating decreas-
ing returns to scale for the 411l farms studied. The elasticity of a
Cobb-Douglas production function, however, is constant over all ranges
of independent variables., This means that the Cobb-Douglas function
can approximate only a segment of the complete function. This appeared
to be the lower limit of stage II in all equations., It indicates, on
the average, that the farmers that were interviewed ceased application
of fertiliser before the upper limit of stage II in the production
function was reached. An increase in fertilizer application might be

recommended in the future years.
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In accordance with static factor-factor analysis, technical comple-
ments appeared to exist in N-P-K fertilizer analysis where fertilizer
was obtained in a fixed ratio. The least cost combination for 4-10-10
fertilizer ratio in the seventeen variable equation and for 2-2-1
fertilizer ratio in the five variable equation indicate that a
reduction in nitrogen cannot be replaced by an incresse in element of
phosphorus or potassium in a given fertilizer analysis. The animal
marmure and nitrogen top dressing appear to be substitutes in producing
the minimum nitrogen required in wheat production, When animal manure
or nitrogen top dressing is i.ncrease.d in quantity, total pounds of
fertilizer might be decreased with the same yields of wheat per acre.
For instance, 40O pounds of 3-12-12 fertilizer plus 20 pounds mitrogen
top dressing substituted for 450 pounds of 3-12-12 fertiliszer with the
ssme yields per acre (43.0 bushels per acre) in the experimental data,
as shown in Table I, and 250 pounds of 3-12-12 fertilizer with 0.01-0.19
animal units per acre substituted for 300 pounds of 3-12-12 fertilizer
with zero animal units per acre on the same Iso-product line (31.87
bushels per acre) as shown in Table IV, The use of more nitrogen top
dressing and animal manure on wheat apparently should continue to be
encouraged. But nitrogen applied at planting time was not profitable
according to the relationships appearing.

\ The most profitable rate of 3-12-12 fertiliser application obtained
from the results of the five variable equation was approximately 220
pounds and from the seventeen variable equation was approximately 260
pounds, The most profitable rate of 0-12-12 fertiliser plus 10 pounds
nitrogen top dressing in the six variable equation was spproximately
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48 pounds and of 0-30-10 fertilizer plus 10 pounds nitrogen top dress-
ing in the eighteen variable equation was approximately 46 pounds. The
0-12-12 and 0=30-10 fertilizers were the least cost combination and
were derived from six and eighteen variable equations,

If these figures were compared with the experimental results, it
appears that the application rate of 3-12-12 fertilizer in the survey
data were slightly more than one-half those indicated by the experi-
mental results. The most profitable rates of 0-12-12 and 0-30-10
fertilizer plus 10 pounds nitrogen top dressing were not available
from experiments to compare with results from the survey data. Nitrogen
top dressing was used as an independent variable in the survey data and
as a fixed variable in experimental design.

Iack of capital and some limitations in the farm operation might be
major reasons why the farmers ceased more application of fertilizer
before the maximmm profit point in their farm business.

The least cost combination for N-P-K fertilizer analysis was approxi-
mately 2-2-1 in the five variable equation and 4-10-1 in the seventeen
variable equation while the least cost combination for N-P-K fertilizer
plus nitrogen top dressing were approximately O-l-1 in the six variable
equation and 0-3-1 in the eighteen variable equation. If these combi-
nations were compared with l-4-4 in experimental data, it appears that
an increase in nitrogen and a decrease in potassium in the fertilizer
analysis used by farmers might be recommended in the future years, It

also suggests that the future research projects for determining the
optizmnm fertiliszer applications should give more attention to least
cost combinations than has been the case in the past.



Limitations of Using Survey Data for Input-
Output Relationships

The output response of wheat yields with respect to the correspond-
ing inputs of fertilizer, appears smaller in the survey data than in the
experimental data. In other words, the regression line in the survey
data was much flatter throughout from the origin than the regression
line in the experimental data originate somewhere on the Y axis. This
might have been due to several weaknesses in the survey data that was
used, It is possible that farmers with low fertilizer inputs and low
vheat yields had an upward bias in their yield estimates which would
result in underestimating the true coefficients for fertilizer in the
statistical results. It is also possible that the intercorrelation
between fertilizer use and inherent level of soil fertility could also
have resulted in a downward bias in the coefficients,

Biases and errors arising from both the interviewer and the sample
also were possible using the random sampling method.

In addition, some shortcoming of the nature of the Cobb-Douglas
production function itself which shows yields always starting at the
origin and constant elasticities throughout all ranges of X; may in
part explain the difference in results between the survey data and
the experimental data. In the future it might be desirable to make
some adjustment and modification of the function to partially overcome

these objoctions.l

Carter, Harold O, "Modifications of the Cobb-Douglas Function to
Destroy Constant Elasticity and Symmetry."® Unpublished M. S,
Thesis, Department of Agricultural Economics, Michigan State
University, 1955.
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Different methods of fertilizer applications, different rotation
systems and other variations in farm practices would exist in the survey
data. These factors might affect the yields of wheat per acre. Other
factors such as differences in weather, moisture, and soil types within
the four areas in this study might have influenced the yields of wheat
per acre.

There was not enough cases in the survey data with larger appli-
cation of fertilizer. Most of the farmers' fertiliser application
appear to have been concentrated in the area of the lower limit of
stage II. To get meaningful input-output data, spplications over the
entire range of inputs are needed.

Some Advantages of Survey Data

The survey data offers some results of value which are not avail-
able from current experimental data. Although they are not quantitative
estimates the positive coefficients for seed quality and intensity of
animals per acre indicate that these contribute to increased yields of
wheat under actual farm conditions., It is also possible to compute
least cost combinations of fertilizer under average farm conditions,

something that is not possible with the available experimental data.

Conclusions and Recommendations for Future Studies

In general, it appears to be possible to derive estimates of inmput-
output relationships from survey data that are not inconsistent with
economic theory or existing experimental data. The results obtained
from this analysis has several questionable aspects which have been
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mentioned. However, these may be due in part to the particular method
of handling the data, particularly in the use of the dummy variables,
and may be due to the statistical function that was fitted. It appears
that further work should be done with this or similar data to determine
the effect of using differing methodology.

The data used in this analysis was not gathered specifically for
use in this type of anslysis. If data were collected specifically for
this purpose several improvements might be achieved in reliability,
mmber of input factors comtrolled, range of imputs, and other factors
which would improve the usefulness of the data.

Thus, while the results of this analysis indicate that the use of
survey data to determine input-output relationships is feasible, further
testing and methodological research is indicated before it can become

a useful research tool.
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APPENDIX A

A PORTION OF THE QUESTIONNAIRE IN FARM MANAGEMENT
SURVEY USED IN THIS STUDY

How many acres of wheat will you harvest in 19547 A.
How many acres of wheat did you harvest in 19532 A.
How many acres of wheat did you harvest in 1952% A,

(IF WHEAT ACREAGE WAS REDUCED FROM 1953 TO 195:)

What were the reasons for your reduction in wheat acreage?

Were there any other reasons for your reduction in wheat acreage?

How many acres of wheat would you have planted in 1953 (for the

1954 harvest) if there had been no acreage allotment? A.

What was your wheat yield per acre in 19547 (expected) bu,
What was your wheat yield per acre in 1953? bu.
What was your wheat yield per acre in 19527 bu.

Now I'd like to ask you about some of your production practices for wheat:

Use Tertilizer N, Top Dr. |
3. On the crop Cert, 1b'./ Anal ., lbs. Anal,
Seed? | A, A,
a. Planted in 1953

Harvested in 195

b.

Planted in 1952
Harvested in 1953

Ce

Planted in 1951
Harvested in 1952

a.

Under the most favorable conditions what is the highest wheat yield
you think you can get on your farm? bu./A.




b.

Ce

S. a.

b.
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(IN ASKING QUESTION 3b INSERT THE ANALYSIS OF FZRTILIZER THAT FARMiR
HAS MOST RECENTLY USED ON HIS WHEAT.)

What is the greatest amount of fertilizer that you can
profitably apply on wheat on your farm? ‘ lbs,/A.

Do you believe nitrogen top-dressing for wheat would be profitable
on your farm?

Yes 3 How many pounds per acre can you profitably use?
lbs. of N.

No .
D.K. .
Have you made any changes in your livestock numbers because of the

acreage allotments on your crops? Yes No

IF THE ANSWER IS YES, ASK WHAT KIND OF LIVESTOCK HAS BEEN ADJUSTED,
CHECK THIS CATEGORY AND GET THE DATA FROM THEM. THEN COMPLETE THE
LIVESTOCK INVENTORY AND LIST THE REASONS FOR ALL CHANGES IN THE
APPROPRIATE SPACE BEIOW.

No. on hand | No, on hand | Direction | No. of

Kind of Livestock July 1, 1954 | July 1, 1953 | of change | change

1,__Dairy cows
2.__Heifers (Dairy)
3.__Beef cows (Breeding)
h.;Feeder cattle
S.__Bred sows

6.__Hogs on feed
7.__Laying hens
8.__Pullets
9.__Broilers

10.__Turkey, geese, etc.

11._Sheep, ewes
12, _Feeder lambs
13.__ Other




1.
2.
3.
L.
5.

(IF THERE HAVE BEEN CHANGES IN LIVESTOCK NUMBERS IN ANY CATEGORY,

ASK WHY FOR EACH ONE AND LIST THE REASONS BELOW BY NUMBER.)

6.

7.

8.

9.

10.

11.
12,

13.

65



APPENDIX B

CONVERSION RATES FOR LIVESTOCK TO
STANDARD ANIMAL UNITS

The animal units were converted using one cow as a standard unit. It

is primarily on mamure produced in one year per 1000 pounds of liveweightl

as follows:

Head of animals equal Manure produced in one year
to one animal unit per 1000 pounds of liveweight

Cow 1l 12.0 T

Steer 1 8.5

Horse 1 8.0

Hog 6 16.0

Sheep 8 6.0

Chickens 250 4.5

1
Source: Illinois Agriculture Handbook, 1949, pp. 206.
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