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INTRODUCTION

The importance of ferfilizer use in production of agricultural products
cannot be over-emphasized. Increasing use of fertilizer is taking place all
over the world. In the State of Kansas for example, total fertilizer
consumption has increased from 617 thousand tons to 1,216 thousand tons
between 1964 and 1971, The reason for this upward trend is because farmers
find that the value of the increased yields of their crobs not only pays for
the cost of the fertilizer used but for some other costs of production as
well,

A. OBJECTIVES OF STUDY

The question foremost in the minds of farmers concerning fertilizers
is how much they should use. The answer to this question can be found by
determining the type of relationship which exists between fertilizer and
yield of agricultural products and use economic principles to determine the
‘profit maximization level of fertilizer application. The main objectives
of this study therefore are:

1. To derive production functions using exéerimental yield
data from Tribune Branch Experimgﬁt Station. In this
study, a production function is defined as the
functional relationship which exists between an input
and an output. The outputs aré corn and grain sorghum
and the inputs are nitrogen, phosphorus and potassium
fertilizer nutrients,

2, To see whether yearly variations exist in response of

corn and grain sorghum to these fertilizer nutrients.



3. To derive response curves from the production functions
derived.

L4, To determine derived demand for the fértilizers.

5. rTo determine the most profitable rate of fertilizer
application under farmers' conditions for both crops.

6. To show the effects of changes in prices of the
fertilizers on the most profitable rates of application
and returns to fertilizers above their costs.

7. To show the effects of changes in priées of products
on the most profitable rates of fertilizér application
and returns to fertilizers above their costs.

These were the initiql objectives but it was later discovered that.the
design of the experiment does not allow all the objectives to be fulfilled

for phosphorus and potassium fertilizer nutrients. The analysis is

therefore concentrated on the response of corn and grain sorghum to nitrogen
and also on finding the year when the response to phosphorus and or
potassium become statistically significant.
B, PLAN OF ANALYSIS

The content of this thesis include section II where the tools of
analysis and design of the experiment the advantages and disadvantages of
the methods used are explained; section III contains a summary of the
analysis of variance results while section IV gives a break-down of the
predicted equations by year and groups of years. Section V deals with

application of the economic principles and derivation of results of the

study.



II. ANALYSIS OF DATA

A. ORIGIN OF DATA

The data for the analysis reported in this study was obtained from
the Agronomy Department of Kansas State University. Thése were experimental
results conducted from 1961-1970 for corn and grain sorghum on irrigated
land at the Tribune Branch Experiﬁental Station in West-Central Kansas.
Nitrogen (N), phosphorus (P,05) and potash (K50) were applied in various
combinations. Nitrogen was applied in variable rates of 0, 40, 80, 120,
160 and 200 pounds per acre while phosphorus was only at two levels 0, 40
and potash at 0, 40 pounds per acre. The yields obtained from the experiment
under various fertilizer combinations are shown in Table 1 for corn and in
Table 2 for sorghum. For each year from 1961-1965 in the case of corn,
there were 18 fertilizer treatments each replicated five times but from
1966, each of these replicates was sub-divided into two, Thus fhere were
90 observations per year from 1961-65 and 180 observations per year from
1966-1970, For sorghum, there are 90 observations per year for 1961-1963
and 180 observations for 1964-1970,

The soil moisture was kept at a constant level each year and it was
not considered a limiting factor in production of‘either corn or sorghum,
The water was applied in pre-plant stage and in sufficient amounts.

Production functions had been fitted to fhe 1961-1965 data by Yung Li.u1
but the objective of this analysis is to fit production functions to the
entire data for corn and grain sorghum from 1961-1970, In the earlier

study it was reported that there was no crop response to phosphorus and

1 ; : e % ;
Yung Liu, "Corn and Grain Sorghum Response to Fertilizers on Irrigated
Land in West-Central Kansas, "Masters' Thesis, K.S.U. 196€8.



potash. This present analysis will up-date the resuits and see if there is
any statistically significant response to P,05 and Ky0 in later years of the
experiment, .
B. REGRESSION ANALYSIS

Multiple regression analysis was used to fit some production functions
to the data, and find the one that gives the best f£it for each year and for
all the years combined. This type of analysis can be used to derive the
best prediction of the values of Y (the yleld of corn or sorghum) under .
various fertilizer treatments. |

There are various forms of multiple regression procedures which can be
used. These are enumerated by H. Smith and N.R. Draper2 as All Possible
Regressions, Backward Elimination Prbcedure, Forward Selectioﬁ Procedure
and Stepwise Regression Procedure. The Stepwise Procedure re-examines at
every stage of the regreésion the variables incorporated into the wodel in
previous stages. If a variable has been the best single variable tb enter
at an early stage, at a later stage it may become superfluous because of
the relationships between it and other variables now in the regression.

The steps involved in Stepwise Procedure afé as follows:

Suppose we have five variables Y, X;, X5, X3, Xy in which Y is the
dependent and X;, ---, Xy the independent variables:

Step 1. The stepwise procedure starts with a simple correlation
matrix and enters into regression the X variable which.is most highly

correlated with Y. Suppose this to be Xy.

2H. Smith and N.R. Draper, Applied Regression Analysis John Wiley & Sons.

Inc. New York. 1967.




Step 2. Considering the partial correlation coéfficients as before,
it now selects as the next variable to enter regression, that X variable
whose partialrcorrelation with the response is highest. Assume this to
be X;. |

Step 3. Now we have the regression equation of the form Y = £ (X, Xj)
and the method now examines the contribution X; would have made if X, had
been entered first and X, entered second. (This the forward selection
procedure does not do). If the value of the partial F value for X, is
significant at 0.05 probability, X, will be retained. If it is not, X,
will be kicked out and X; retained. Let us assume X is retained.

Stepwise method will consider the next X variable with the highest
correlation with Y. If this is X,, it is brought into the model,

Step 4. A regréssion equation of the form Y = £(Xy4,X;,X3) is now
determined by least squafes. Partial F-tests for the variables X; and Xy
are made to determine If they should be retained in the regression equation.
Let us assume now that Xy now has a partial F value which is not
statistically significant at 0,05 probability level, it drops out of the
equation, |

Step 5. The only remaining variable is X3, The same procedure is
carried out as above. Let us assume that X3 also drops out then the
stepwise regression procedure terminates and chooses as its best regression
equation Y = £(X;, X5). 1If it is a straight line equation, we obtain

Y = a + bX] + cXj.
If it is a quadratiec equation like the ones used in this analysis, if
Xy = x% then we obtain:

Y =a + le + cxf.



The signs of the coefficients b and ¢ will be denoted and their t-values
reported. The R value for the whole equation will be given. _Rz is
obtained by squaring R and it gives the percentage of the variation in
the observed f values that is explained by the fitted regression equation.
Thus it measures the goodness of fit of the estimated regression equation.
The R, R? values including the T values are reported for each regression

equation in Appendix B.

Choice of Procedure

Due to the foregoing points, Stepwise Regression analysis is recommended
by some authors as the best method of variable selection. Examples of such

3 and M.A. Effroymsonu. It is therefore

authors are H., Smith and N,R. Draper
the tool chosen for these analyses. The only difference is that no alpha
level of rejection has been specified. This allows additional variables

that would have not entered the program under the usual stepwise procedure.

Assumptions and Disadvantages of this type of Analysis

Least Square Regression analysis, of which the stepwise method is one
is not faultless. The assumptions made are as Eollows:5
1., The expected value of the error is zero. In an equation

2

like Y = a + bN + ¢N° + e, e is the error which is due to

the fact that the postulated independent variables do not

3

H. Smith and N.R. Draper, Ibid., p.l172
4M.A. Effroymson, 'Multiple Regression Analysis' in the book Mathematical
Methods for Digital Computers by Ralston A and Wilf H.S. John Wiley & Sons
Inc. New York 1967.

5 : ; :
Earl O, Heady and John L. Dillon, Agricultural Production Functions
lowa State University Press, Ames, Iowa. 1961, p.lll




completely explain Y, There might have been some input
factors or minor importance not taken into consideration.
2. The covariance between the error associated with one value
of Y-and that assbciated with another value of Y is zero.
3. 'The variance of the error associated with one value of Y
is the same as the variance of the error which is associated
with any other value of Y.
4. 'The covariance between the error and each of the independent
variable is zero.
5. The independent variables observed are measured without error.
If all these assumptions are fulfilled, the production function
estimated parameters will be unbiased and of minimum variance. Therefore
there arises the problem of how to estimate and interprete the obtained
production functions. There is no way of obtaining satisfactory estimates
of production functions from very poor data no matter how accurate the
statistical tool is. 1If either of the assumptions 1 and 5 does not hold,
the result obtained is biased even if the others which are meant to

minimize the variance hold true.

Advantage of Least Squares Estimation

This is the least expensive compared with other methods which could
be used and the simplest to carry out.
C. TYPES AND PROPERTIES OF ALGEBRAIC EQUATIONS?
There are numerous forms of algebraic equations which can be used in
deriving production functions. The simple gquadratic form ¥ = a + bX - cX

with a minus before the ¢ denotes diminishing marginal returns. It allows

both a declining and negative marginal productivity but not both increasing

5

6Earl 0. Heady and John L. Dillon, Ibid., pp. 73-81.



and decreasing marginal products. The square root form Y = a-bX + cxp's

allows both a diminishing total product and also diminishing mgrginal
products. The Cobb-Douglas function of the form Y = axb assumes constant
elasticity of production oﬁer all ranges of input which means that each
percentage increase in input adds the same percentage amount to output.
Secondly the total product curve is asymptotic to the origin and so the
function does not allow diminishing total yields. It allows either
constant, decreasing or increasing marginal productivity but not g
combination of these. The polynomial function of the form Y = m-aR*
called the Spillman-Mitscherlich function, provides a curve which is
asymptotic to the maximum yield m such that aR* approaches the limit zero
but never quite equals it. It is therefore not suitable for data where
diminishing total products are encountered. It also assumes that the
elasticify of production'changes but the ratio of marginal products is
constant over all ranges of output.

The 1.5 power function has similar characteristics to the simple
quadratic form. Each of these functioﬁs exceptlthe polynomial form, which
is more difficult to work with, is used to fit production functions to the
data. The quadratic form is used in the economic analysis because it
offers greater flexibility than the others. Other reasons for this choice
are explained in section V.

D, DESIGN OF EXPERIMENT

In the quadratic functions reported in this study it is not possible
to include P and K as independent variables because the treatments of
P and K were either at zero or 40 lbs/acre level of application. Each

2 0.5

time an attempt is made to bring P and K and P° and Kz, or P9+3 and K



into the same equation, the values of P, P2. PO'5 are read to be the same

2

thing. Similarly K, K° and KO'S appear the same. Thus it is not possible

to report equation of the forms:

2

Y a + bN + ¢cN

+dP+eP2+£K+gK2

0.5 0.5

+ dP + eP 3

b4 + fK + gKO'

a + bN + cN
There can only exist a linear relationship between two points
0 and 40 for P and K. A quadratic function is not possible. Hence, in
this analysis, we are left with a single variable resource N while others
P and K are considered fixed at certain levels of application or enter the
production functions as dummy variables.,
In order to include P and K as independent variables, one would expect.
P and K to run from O, 40, 80, 120, 160, 200 like the levels of Nitrogen.
. In this way it would be possible to determine yield isoquants between N and P,
P and K and N and K if responses are statistically significant. The least
cost combination of these nutrients would also be determinable. The
treatments contained combinations of P = 40, k = 0 while N varies from 0
to 200 and P = 40, K = 40 while N is wvariable bﬁt does not contain
P =0, K = 40 while N varies. The first allows one to measure the response
of corn and sorghum yields due to the 40 lbs of P,05 but the missing
treatment would have allowed a measurement of corn and sorghum yield
responses to 40 pounds of potash alone.
These treatments might have been considered unnecessary at the time
the experiment was designed because the soil test in West-Central Kansas
indicated high availability of potassium and phosphorus but low availability
of nitrogen. This therefore explains the reason why the treatments were

given lower and fewer applications of phosphorus and potassium than nitrogen.
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III. ANALYSIS OF VARIANGE OF YIELD DATA

bue to the incomplete fertilizer treatment levels for P and K, an
analysis of variance was carried out on the raw experimental yield data
shown in Appendix A, Tables 1 and 2 for corn and sorghuﬁ. In order to
find out the year when the effects of phosphorus and potassium become
statistically significant, two way analysis of variance was performed
using each year's data, for the 1961-1965 pooled data, 1966-1970 pooled .
data and 1961-1970 pooled data. This analysis enaBIes one to find whether
the effects of N, P, K are significant or not and whether there is any
significant interraction effect between nitrogen and the other nutrients.
For the 1961-1965 ﬁooled data, 1966-1970 pooled data for corn and 1966-1970
pooled data for sorghum, where there are equal numbers of observations
per year, a three-way analysis of variance was carried out to find whether
there is any significant interraction effect between nitrogen and the
years or not.
The results are as follows:
1. For corn, the effect of phosphorus is not statistically
significant for the first five years 1961 to 1965 but
becomes significant for the last five years 1966-1970.
2., The sorghum experiment was started in 1959 and that of
corn in 1961, 1In the case of sofghum the effect of
phosphorus is not significant for the years 1959 to 1965
but becomes significant from the eighth year, 1966,
3. The effect of potassium is not significant for both crops

for all the years.,
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4, The three-way analysis of variance indicated a significant
interraction effect between nitrogen and the years which
means that the effect of nitrogen on the yields of corn
ﬁnd sorghum is not the same for all years. -This is not
unexpected because there are many variations between years
brought about by weather and changes in plant populations
which can account for these differences. However, there was
no major cultural change made which can account for the
difference in the effect of nitrogen over the years. Thus
the coefficient of determination (R?) values obtained for
the regreséion equations for the 1961-1970 pooled data for
each crop are less than the R? values obtained for each year's
regression equations reported in section V.

Economic Implicafions

The gbove results indicate that under ir;igation in West-Central
Kansas the farmer may not need to apply phosphate fertilizer in addition
to nitrogen for the first £ive years of producing corn and seven years
for sorghum,., From thé gixth year for corn and éighth year for sorghum,
application of phosphate fertilizer will raise the yield and the profitability
levels due to phosphate application. |

It would be more desirable for the farmer to use production functions
derived from yearly data than from an average of several years because
the effect of nitrogen varies from year to year significantly, However,
this is not possible because the farmer cannot predict in advance, for
example, whether 1973 conditions will be exactly like 1968,1970 or 1972.

If he could make this prediction it would be better to use the production
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function derived from 1968, 1970 or 1972 data respectively than to use that
derived from the ten-year average data. However, using the‘predicted
equation from the ten-year pooled data assumes equal chances fsr each year's
condition nccﬁrring in 1973. Thereforé it will be to the farmer's

advantage over a long period of time to use the ten-year pooled data. This
assumes 1973 will be an average year of the preceding ten years. If this

is not the case the amount of nitrogen applied may not be that which will
maximize profit that given year.

Due to the above mentioned points the production functions derived
from the ten-year 1961-1970 pooled data will be used to demonstrate the
economic principles in section V although all the production functions
are recorded in section IV for each year's data and for the groups of
years. The 1961-1965 pooled data can be taken as representing years when
the effect of phosphorus'is not significant while 1966-1970 pooled data can
rbe taken as representing those years when the use of phosphate fertilizer
is justified. The 1961-70 pooled data will, ﬁowever, represent all the
years both those when phosphate fertilizer is needed and those when it is

not needed.
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IV, PREDICTED EQUATIONS

Production functions have been fitted to the data by yeaf; in groups
of five years; and whole ten-year data together. Each of the yearly and
pooled data were sorted into the three ? and K treatmené levels with N
variable from 0-200 1bs/acre., Each year therefore has four groups of
production functions namely when P=K=0; P=40, K=0; P=K=40 and when P and k
are variable.

To each of the sorted data when P=K=0; P=0, Kéuo and P=K=40 were
fitted the quadratic, square - root and Cdbb-Douglas functions. The 1.5
power functions were fitted to the pooled data when P and K are variable
in addition to the already mentioned three. 'The whole tén—year data was
broken into two parts - the 1961-1965 pooled data and the 1966-1970 pooled
data because the analysis of variance showed significant response to
phosphorus after 1965 for each crop. Production functions were fitted to
the soil.test years (1961, 1965 and 1968) grouped data énd similarly to
the non-soil test years (1962, 1963, 1964, 1966, 1967, 1969 and 1970),

The whole ten-year data was then grouped together and production functions
were fitted as described above,

Alpha level of 0.05 has been chosen as the rejection level for any
of the variables coming into the functions., Therefore only functions
which have all their . variables with significént t-values at 0.05 agre
recorded.

Due to the presence of zero values in the treatments, for example ﬁhen
N=0, P=0, K=0, a constant 1 has been added to prevent the possibility of

taking the log of a zero number, Therefore for the Cobb-Douglas functions



and the 1.5 power functions the predicted N value is reduced by 1 1b/acre.
Thus if we calculate N to be 121 lb/acre as the most profitable level of
N the actual N needed is 120 1b/acre and not 121 1b/acre.

All the predicted equations are recorded in Apendix B.
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V. ECONOMIC ANALYSIS

A, CHOICE OF PRODUCTION FUNCTIONS

Having obtained so many production functions by year and groups of
years, the next step is to choose those functions for tﬁe two crops
which will be used to illustrate and apply the economic principles. It
would be best to illustrate the economic analysis with all the functions
but time will not allow. As mentioned in Section II, the quadratic
functions offer more flexibility than the Cobb-Douglas functions. Close
examination of the treatment means under the various levels of N indicated
that yields at high levels of nitrogen tend to decrease for both crops thus
making the Cobb-Douglas functioné unsuitable because with constant
elasticities they do not show diminishing total yields.

The square root function also has no significant difference in its
predictive power from that of the quadratic as far as the R values are
concerned. However, when considered by individual years the square root
form does not appear as suitable as the quadratic form., For corn, the
coefficients of the square root functions are not significant at alpha
level of 0.05 for 1962, 1963, 1965, 1966, 1967 and 1968 for the treatment
PyKy and for the years 1961, 1963, 1964, 1966 and 1967 for the treatment
P1Ky and 1962-1967 for treatment PK;. For sorghum, the square root
coefficients are not significant at 0,05 alpﬁa level for treatment POKO*
in 1964 and 1965, in 1963 and 1964 for treatment Plxb* and for treatment

P1K,* in 1964 and 1965.

*POKO means P =0 and K = 0 lbs/acre
PjKy means P = 40 and K = 0 1lbs/acre
P,K; means P = 40 and K = 40 lbs/acre .
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The quadratic function appears fo be significant at 0,05 alpha level
for all experiments for both corn and sorghum. In order to give full
comparison of the response of yield to nitrogen, phosphorus and potassium
for all tﬁe yéars, the quadratic function is preferred to the square root
form. Since the 1.5 power.function has not given a significantly higher r2
values than the quadratic, for ease of calculation, the quadratic is preferred.
B. RESPONSE TO P AND K BY YEAR

In the light of the above mentioned points and in order to trace crop
response to phosphorus and potassium above nitrogen effect over the years
graphically and tabularly, the qqadratic functions have been used. Tables
3 and 4 show the estimated total, marginal and average yields of corn and
sorghum respectively for each treatment PgKg, PKp, PyK; and when all
nutrients are considered variable. The equation number of each predicted
equation from which the table values are calculated is indicated at the
top of each column, Figures.CI and 81 are obpained by graphing each column
specified in Appéndix C, Tables 3 and u'against various nitrogen levels.

C. MARGINAL YIELDS AND ESTIMATED YIELDS OF CORN AND SORGHUM

Due to the points mentioned in Section III the production functions
derived from 1961-1970 pooled data are used in the economic analysis
presented in this section.

Estimated Yields:

The estimated yields are obtained by substituting various values of
N into the equations to obtain the estimated yield values. The estimated
yields of corn for equations (265), (266), (268), (269), (272), (273),

(275) and (276) when N = 10 with P, K considered variable at 0 and 40

lbs/acre are as follows:
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65-2495 + 1.0651N e 000030N2.--.c-..u-oc-co---.ooo.ono|||'(265)

65.2495 + 1,0651¢10) - 0.0030(10%)

75.60 bushels/acre.

59'8987 + IDOSSIN o 0.0030N2 + 0.200??.-...I.l....'--.’-..(266)
59,8987 + 1.0651(10) - 0.0030(102) + 0,2007(40)

78.28 bushels/acre with P assumed to be 40 lbs/acre.

0.5

lcancnouqloa.--ocoacononoooc(.zss)

62,2873 - 0.00916 + 8,3830N
62.2873 - 0.0916(10) + 8.3830(100¢3)

87.88 bushels/acre.‘

56,9365 - 0,0916N + 8.3830N03 4 0.2007P.v.eecvcssscacesss(269)

0.05

56.9365 - 0,0916(10) + 8,3830(10 ) + 0.2007(40)

90.55 bushels/acre with P assumed to be 40 lbs/acre.

63.7350 + 1,5016N - O.OOOSNI'S

l.-CCDODI.I.......I.l"-.."I(272)

1.5)

63,7350 + 1,5016(10) - 0.0003(10
63.7350 + 1.506(10) - 0.0003(31.6227)

78.74 bushels/acre.

58,3842 + 1,5016N - o.oooaﬂl'5

+ 0.2007P'....l...ll....-'.(273)
58.3842 + 1.5016(10) - 0,0003(31.6227) + 0.2007(40)

81.42 bushels/acre with P assumed to be 40 lbs/acre.



