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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.



10

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.

14
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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.
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Log Y = LOg u-osgl + 0!1032 Log N.Ic.iolol...nt....'l..n..ooll(z?s)

)
(=)
o

"

Y = antilog 4.0591 (n°* 1032

)
Y = antilog 4.0591(100-1032)

Y = 73.46 bushels/acre

Log ""-0190 + 001032 Log N + 000082 Log Pl..ll.--..l'..(z?G)
N0.1032P0.0082

L]
]

antilog 4.0190

Y = antilog u.olgO(loo.1032)(400.0082)

Y = 72.74 bushels/acre with P assumed to be 40 1bs/acre.

For grain sorghum the estimated yields for equations (572), (573),

(576), (577), (583), (584), (587) and (588) when N = 10 and P, K considered

variable at 0 and 40 lbs/scre are calculated as follows:

Y

H

38,1239 + 0.4B38N = 0.0016NZ. .. oeeeeecnvoonseosesanansases(572)
38.1239 + 0.4834(10) - 0.0016(10%)

42,79 cwt./acre

35,4679 + 0,4834N — 0.0016N° # 0.0096P, uvuoveseesenoessss(573)
35,4679 + 0,4834(10) - 0.0016(100)‘+ 0,0996(40)

O4,13 cwt./acre with P assumed to be 40 lbs/acre

35.9642 - 0.1381N + 4, 6448N°"5

-.l.'..l-ono.lt.'.‘on...l..'(sys)

35.9642 - 0,1381(10) + 4,6448(3.162)

49,27 cwt/acre.

33.3082 - 0,1381N + 4.6448N0'5 + 0.0996P(577)

33.3082 -~ 0.1318(10) + 4,6448(3,162) + 0,0996(40)

51.06 cwt/acre with P assumed to be 40 lbs/acre.



Log Y
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>

Log Y

For all
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1.5

..I...l....l...ll.ll.‘.'.."(saa)

37.1821 + 0,7202N - 0.0002N

37.1821 + 0,7202(10) - 0.0002(31.6227)

4u, 38 cwt/acre

3 40,0006 . s unennnanennness(584)

34.5261 + 0.7202N - 0.0002N%°
34,5261 + 0.7202(10) - 0.0002(31.6227) + 0.0996(40)

45,71 cwt/acre with P assumed to be 40 lbs/acre

Log 3.5297 + 0.0824 Log N...................;.............(587)
antilog 3.529?N0'08241

(34,1137)(1.2089)

41,24 cwt/acre

Log 3.4878 + 0.0824 Log N + 0,0085 LOZ Puveeveorsasonsssas (588)
antilog 3.487N°0824p0-0085
(32.7139)(1.2089)(1.0318)

40.81 cwt/acre with P assumed to be 40 lbs/acre.

other values of N the estimated yields can be calculated in the

same way. These are shown in Tables 3 and 4 for the quadratic equations.

Values for other equations can be tabulated in a similar fashion,

Marginal Yields:

The marginal yields are obtained by finding the first derivative of ¥

with respect to N, These are shown below for equations (265), (268),

(272) and (275):

65.2495 + 100651N - 0‘0030N21..l......0.....0....-.-..'['l<265)

1.0651 — 2(0!0030)Nll00oo.l..b.lolDODIOOQIOOOOCOOOIOICIODO (i)
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Y = 62.2873 - 0.0916N + 8.3830N0 > eiuiirinnnrrrenanecenenens(268)
Y = = 0.0916 + 0.5(8.3830):esseresernncrnernnernncrnsnnsennes (i)
an = .

Y = 63.7350 + 1.5016N = 0.0003N >0 0uuueeerienavescesacnaeess (272)
dY = 1,5016 - (1.5 (0.0003)8 " > v vrenenenenenenssnnnnsnennsns (iil)
aN

Log Y = Log 4.0591 + 0.1032 LOZ Neveuvereanvenersnsnsnanceseesssss (275)

Y = antilog 4.0591(x0-1032)

Y = 57,922250+1032
ax - (0.20325(57.92220N 8908, | L iinniis cnnininis s anannumnnss (1Y)

Average Yields:

Average yields are obtained by dividing the total yield ﬁy the total
pounds of nitrogen applied. For exampie, if Y = 160 Bu./acre when 130
lb/acre of N is applied, the average yield per pound of nitrogen is 160
divided by 130 which is 1.23. Thus for equation (265), the average

yield is given by:

Y = 65.2495 + 1,0651N - 0.0030N? = Average yield.
N N "

By subséituting various values of N by an increment of ten pounds
per acre the average and marginal yields columns for Tables 3 and 4 are
obtained.

D. OPTIMAL FERTILIZER APPLICATION

From Tables 3 and 4 when the marginal yield for each equation is
observed to be zero indicate the point of optimum application of N and
the optimum yield obtainable. Additional use of N above the optimum

level results in the decreasing yields.
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1, Algebraic Solution:

The marginal yield dY is set equal to zero and the corresponding N
dN
level is the optimum fertilizer rate., For equation(i)

dY = 1.0651 - 2(0.0030)N =0
dN
1.0651 = 0.0060N
N =1,0651 = 177.52 lbs/acre
0.00s60

Thus 177.52 1lb/acre N gives the optimum yield which can be obtained

by substituting this value into the original equation (265).

Y = 65,2495 + 1,065LN - 0,0030N2
Y = 65.2495 + 1.0651(177.52) - (0.0030) (177.52)2
Y = 159.79 bushels/acre,

In the same way optimal yield levels can be obtained for other
equations.

2. Graphical Solution™:

By putting Y on the vertical axis and N on the horizontal axis the
same answer can be obtained by plotting tle estimated total yield and the
marginal yield values. Where the marginal yield curve crosses the x-axis
gives the point where total yield is at masimum, Figures Cl and Sl are

the graphs obtained using information from Tables 3 and 4 respectively.

47

A line parallel to the y-axis passing through the maximum total yield level

meets the x-axis where the marginal yield cufve intercept the x-axis or
their values are equal to zero,
3. Tabular Solution:
Tables 3 and 4 show for each quadratic equation, the estimated total

marginal and average yields. For equation (265) the marginal yield is

*In Figures Cl and S1 (1), (2), (3) & (4) refer to treatments PgKg, P;Kg,
P1K; and when all nutrients are variable respecticely.
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0.05 bushels of corn with 170 pounds of N and -0.01 bushels at 180 pounds
of N, The estimated total yield at these two levels of N are 159,62 and
159,77 bushels per acre respectively. Thus the maximum total yield lies
between 170 and 180 pounds of N and thus a little higher than 159.77. The
same observation can be made for all other equation.

E., MAXIMUM PROFIT N APPLICATION~-FARMERS' SITUATION

The above analysis gives the nitrogen application rates for situations
when the price of nitrogen is assumed to be zero or when nitrogen is
considered free.

Usually, at the point when marginal yield equals zero, one of the
other inputs becomes limitiﬁg and not nitrogen. But usually the farmer
will not go so far because nitrogen costs him something. |

In order to maximize his profits, the farmer will set the marginal

yield of N equal to the ratio of price of corn and nitrogen:

MYN=1!=PN |
— r
dN Pg
where Py = price of nitrogen
P. = price of corn

Cross-multiplication yields dYP, = dNPy which means that the value
of marginal yield of corn is equal to the additional cost of one pound of
nitrogen. If the price of corn is $1.13 per bushel and the cost of nitrogen

$0.086 per pound, the ratio of their prices Py = 0.0865 = 0.0765
|79 1.13

For the quadratic equation (265) we have:

dY = 1,0651 - 0.0060N = 0.0765
dN
N =1.0651-0.0765

0.0060
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Solving for N we obtain the value of 164.77 pounds per acre.
To obtain the yield at this level, we substitute value of N = 164,77
in the original equation (265):

Y = 65.2495 + 1.0651(164.77) - (0.0030)(164.77)2

Y = 159.30 bushels/acre.
As a check, going back to Table 3.13 it will be seen that when the
level of nitrogen per acre is 170 the marginal yield is 0.05. This gives
an estimated total yield of 158,87 bushels per acre. At 180 lbs/acre of N,
the estimated total yield is 159.62 bushels/acre while the marginal yield
is - 0.01. Wwhen the marginal yield is equal to the price ratio of 0,0761,
the yield lies between 158.87 and 159.62 bushels per acre.
For sorghum, using equation (572) the maximum profit nitrogen application

level given the price of sorghum as $1.72 per cwt. and price of nitrogen as

$0.0865 per pound can be calculated in a similar way. The price ratio

Py = 0.0865 = 0.0502
Pg 1.72
dY = 0.4834 - 0.0032N = 0,0502
dN
N = 135,38 pounds per. acre.

At this level of N the estimated yield is given by:

Y = 38.1239 + 0.4834(135.38) - 0.0016(135.38)2

Y 74,24 cwt./acre.

L]

F. DERIVED DEMAND FOR NITROGEN

Table 5 shows the prices of nitrogen, phosphate and potash fertilizers
paid by Kansas farmers from 1960-197i and prices they received for corn and
sorghum for the same period of time. Price variation from year to year

can be observed. The price of nitrogen varied from 6.88 to 9.69 cents per



pound and that of corn from 0.98 to 1.26 dollars per bushel and sorghum
from 1.36 to 1,99 dollars per hundredweight.

As a result of this price instability the amount of nitrogen which wi
maximize profit will differ from year to year. By using different price
ratios of nitrogen to corn and sorghum, the most profitable levels of
nitrogen can be obtained and tabulated as shown in Table 6 and 7. When
these figures are plotted with hitrogen/corn price rafios on the vertical
axis and the optimum rate of nitrogen application in pounds on the
horizontal axis, one obtains a derived demand for nitrogen. This is shown
in Figure C2. Figure S2 shows the derived demand for nitrogen using
nitrogen/sorghum price ratios.

The derived demand curves shown in Figures C2 and S2 do not shift but
remain permanent in their positions. As the price ratio decreases, more
and more nitrogen will be demanded thus the graphs are down-ward sloping
to the right.

Another way the derived demand:can be obtained is by graphing the
value of marginal yields of corn for nitroéen. The price of nitrogen is
put on the vertical axis and the pounds per acre of N application on the
x-axis. Table 8 Figure C3 and Table 9 Figure S3 show the values and the
curves for corn and sorghum respectively. At different corn or sorghum
prices, we obtain different VMP curves which shift upwards to the right as
the price of corn or sorghum increases. Thus when the price of corn
increases from $1.00/bushel to $1.40/bushel, the optimum rate of nitrogen
application increases from 20 to about 65 lbs/acre at the same nitrogen
price of $0.95 per lb. because in order to maximize profits it wiil be
necessary to increase the yield of corn which can be done through increase

in dosage of nitrogen. With price of nitrogen at $0.40 per pound optimum

54
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nitrogen increases from 30 to 65 lbs/acre when price of sorghum increases

from $1.00 to $1.40 per cwt.

G. RETURNS AT DIFFERENT LEVELS OF NITROGEN APPLICATION

An analysis of returns to fertilizer is very important for crop
production because fertilizer use may increase the yield of the crop to
the extent that it not only pays for its own cost but for the other costs
of production which might not be met without the fertilizer's use. Table 10
shows the returns at various levels of nitrogen application taking the
price of corn at $1.13 per bushel and price of.nitrogen at $0.0865 per
pound. Column 1 shows the level of nitrogen application and columns 2
through 7 show the estimated yields, the increase in yields, the costs of
additional unit of nitrogen and net returns per dollar on the last unit of
nitrogen, for individual successive ten-pound units of nitrogen. Table 11
is the equivalent of Table 10 for sorghum taking the price of sorghum at
$1.72 per cwt, and nitrogen at.$0.0565. Columns 2 through 6 in Table 12
for corn and Table 13 for sorghum show thercummulative results from
increasing rates of nitrogen shown in column 1. The estimated yields are
obtained from equation (2655 for corn and equation (572) for sorghum.
Decreasing returns as more and more nitrogen is applied are observed. The
increase in yield, value of increase in yield, return above cost and return
per dollar on last unit of nitrogen shoﬁ large positive numbers which
decrease with successive 10-pound increase in nitrogen, For example, for
corn the value of the increase in yield from the first unit nitrogen is
$11.37 and the return above the unit cost of nitrogen is $10.51, By the
20th unit of nitrogen, the return above cost becomes negative with a

value of $-2.06. For sorghum, the value of the increase in yield from the
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first unit is $8.05 and the return above the unit cost of nitrogen is $9.65
which also becomes negative, $-3.29 at the 20th unit level of nitrogen.
This means that the cost of the additional unit of nitrogen is greater than
the value of the additional increase in yield. 

The values of the estimated yields of corn in Table 10 and 12 are
plotted in Figures C4,1, Cu,2 ﬁnd C4.3 while those of Table 11 and 13 form
the source for Figures S4.1, S4.2 and S4.3 for grain sorghum., The value
of additional yield of corn equals the cost of additional unit of nitrogen
and after the level of N application, the nitrogen cost between 160 and 170
pounds per acre exceeds the value of the increase in yield. Thus if the
price of nitrogen is $0.0865, the profit maximization level of nitrogen
application for corn lies between 160 and 170 pounds per acre but if the
price of nitrogen is zero, then between 170 and 180 lbs/acre. 'The average
return per dollar spent on nitrogen gives a measure of the profitableness
of total expenditures of‘nitrogen at specific rates. At the most profitable
level of N application, the average return per dollar spent is $7.20 which
'is more profitable when compared with $4.08 at 250 lbs/acre of N application.
Thus the loss per dollar spent increases between 170 and 250 1bs/acre
application of nitrogen.

Similarly for grain sorghum, the profit maximization level of nitrogen
when price of N is $0.0865 lies between 140 and 150 lbs/acre. The average
return per dollar spent on nitrogen at the most profitable level of
application is $4.84 which is more profitable than at 250 1b of N application
which gives $1.66. Thus the loss per acre increases between_lSO and 250

pounds of N application.
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H. EFFECTS OF.PRICES OF CORN, SORGHUM AND NITROGEN ON THE MOST
PROFITABLE RATE OF NITROGEN APPLICATION AND ON RETURN TO
NITROGEN ABOVE ITS COST
There are three elements which determine the wmost profitable rate of
nitrogen application. They are the shape of the response curve of corn or
sorghum to nitrogen and the price of nitrogen/lb as well as the price of
corn or sorghum. Any change in either of the three will cause a change in

the most profitable level of nitrogen application.

(i) Effects of Price of Nitrogen on the most Profitable
Level of Nitrogen Application

Table 13 shows the effect of price of nitrogen on the most profitable
rate of nitrogen application for corn; The explanation to the columns are
as follows: |

Column 2: Given the production function -

Y 65.2495 + 1.0651N- 0-0030N2........O.IDIUCIIDOUUI(EGS)

1.0651 - 0.0060N

ay
aN

Equating this to Py gives the profit maximization nitrogen application by

Pe
solving for N.
I1f Py = 0.0865, P, = 1.13 Py = 0,0765
Pe
dY = 1.0651 - 0,0060N = 0,0765
dN
N = 164,77 lbs/acre.

Column 3: Predicted yield is obtained by substituting N = 164.77
in the original equation:

Y = 65.2495 + 1,0651(164,77) - 0.0030(164.77)2

1]

Y 159,30 bushels/acre.
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Column 4: Subtract 65.25 from the value in column 3.

Column 5: Multiply price of corn by the value in column 4, This
gives P,dY or the total value of the increased yield.
Subtract the product obtained by multiplying the value
in Column 2 by the price of nitrogen in Column 1 from
P.dY which éives the (value of the marginal yield) -
(cost of producing thé increased yield).

Table 14 shows a similar result for sorghum using the production
function denoted by equation (572), Table 15 for corn and 16 for sorghum
shows the decrease in the most profitable N application and return above
cost for every 1 cent increase in price of N. These are obtained from
Tables 13 and 14 respectively,

With the price of corn fixed at $1.13 per bushel, one can expect a
decrease of $1.76 to $1.#Q in return to nitrogen above its costs for every
1 cent increase in the price of nitrogen between $0.01 and $0.20 per pound.
The lower the price of nitrogen before the 1 cent increase in its price the
éreater the decrease in the return above cost. With price of sorghum fixed
at $1.72 per cwt., one can expect a decrease of $1.49 to $1.15 in return to
nitrogen above its costs for every 1 cent increase in the price of nitrogen
between $0.01 and $0.20 per pound. The higher the price of nitrogen the
lower the returns to nitrogen above its cost for both corn and sorghum.
Each successive cent inecrease in nitrogen price decreases the returns to
nitrogen above its cost by a smaller amount. This means that an increase
in the price of nitrogen at alreédy higher prices results in lower decrease
in returns to nitrogen above its cost than when there is an increase in

price at lower prices of nitrogen.
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For every 1 cent increase in the price of nitrogen between $0.01 and
$0.20 per pound, the most profitable rate of nitrogen application decreases
by 0.75 to 2.20 1bs/acre for corn and 1.81 to 1.85 lbs/acre for sorghum.

The lower the price of nitrogen before the 1 cent increase, the lower the
decrease in the predicted yield of corn and sorgﬁum under the most profitable
N application.

(ii) Effects of Prices of Corn and Sorghum on the Most Profitable
Rate of Nitrogen Application and Returns Above Cost.

Tables 18 and 19 show the effect of price of corn and sorghum
respectively on the most profitable rate of nitrogen appliéation and returns
above cost. Explanations of the columns are the same as those given for
Tables 14 and 15. Tables 20 and 21 show the increase in the most profitable
N application and return above cost for each 5-cent increase in the price
of corn and sorghum respectively.

Contrary to what Yung Liu’ found in her thesis with a constant
successive unit increase in the price of corn, the most profitable rate of
nitrogen application increases at a decreasing rate for both corn and
sorghum. The increases in the predicted yields of corn and sorghum also
decrease with the constant successive increase in the price of corn.

When the price of corn is $0.10 per bushel 33.35 1lbs/acre of nitrogen
is the most profitable rate of nitrogen. If the price of corn increases by
5 cents to $0.15 per bushel, 81.42 lbs/acre of nitrogen is the most
profitable rate of nitrogen application which yields an increase of 66.83
bushels/acre or $2.98 as return above cost of nitrogen. If, however, when
the price of corn increases to $0.15 33,35 lbs/acre of nitrogen is applied
instead of 81.42 1lbs/acre (which means that no adjustment is made), the

value of the increase in yield will increase by (0.05 x 32.27) or $1.61 to

’Yung Liu, Ibid., p.80
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give $4.84 instead of $3.23 (see row 1 of table 17). This makes the
return to nitrogen above its cost $4.84-2,.88 or $1.96 instead of $0.35.
Thus the increase from $0.35 to $1.96 in the return to nitrogen above its
cost is caused by the 5 cents increase in corn price alone. However, if
“the five cents increase in corn price is accompanied by an increase in the
rate of nitrogen applied from 33.35 to Bl,42 lbs/acre, the return to
nitrogen above its cost will be $2.98 instead of $1.96., The difference
between $2.98 and $0.35 ($2.63) is therefore due to both the price change
and the corresponding quantit§ of nitrogen application. The value of the
difference ($2.63) means that it pays more to change the quantity of
nitrogen applied when the price of corn changes. Other values in the last
column of Table 19 are even greater than $2,63 which means that greater
gains are obtained at higher prices of corn with the five-cents successive
increase in price of corn accompanied by corresponding changes in the
quantity of nitrogen to aéply. Similar values are obtained for sorghum
and shown in Tables 18 and 20,

At planting time, the price of corn and sorghum cannot be exactly
estimated or at the time fertilizer is applied. Inaccurate estimates of
the price of corn or grain sorghum will produce lower returns to nitrogen
when nitrogen rate differs from the most profitable rate. When the price
of corn or grain sorghum is over-estimated, larger quantity of mnitrogen
will be applied which will result in a real reduction in return to nitrogen
above its cost. When the price of corn or grain sorghum is ﬁnder-estimated,
a reduction in the potential return will result because a higher rate of

nitrogen might have been applied.
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I. MOST PROFITABLE RATE OF NITROGEN APPLICATION BY YEAR COMPARED
WITH THE EXTENSION SERVICE RECOMMENDATIONSS

In order to find whether the most profitable rate of nitrogen application
using each years equation falls in line with the recommendations by the
. extension service, Table 21 has been constructe&. The most profitable rate
of nitrogen in column 6 has been obtained by taking the price of corn or
sorghum for a particular year and the price of nitrogen in that same year
and calculating the value of N using the equations whose numbers are
specified in column 2. For corn in 1961, 1962, 1966 and 1969 the most
profitable level of nitrogen application falls below the recommended
quantity of nitrogen. The other years and the groups of years fall within
the recommendation. All of the years and groups of years for sorghum fall

within the recommendation.

8David A. Whitney and Larry S. Murphy, '"Lime and Fertilizer
Recommendations," Cooperative Extension Service, Kansas State University,
Manhattan, Kansas. July 1969,



68

VIi. SUMMARY AND CONCLUSIONS

This study is an economic analysis of experimental data for corn and
grain sorghum under irrigation conducted betéeen 1961 and 1970 at Tribune
Branch Experiment Station. The yield response to different rates and
combinations of fertilizers nitrogen (N), phosphorus (P,05) and potassium
(K20) is the main consideration in this study. Since production functions
have been fitted to the data 1961-1965 for corn and 1959-1965 for grain
sorghum by Yung Liu, the aim of the present analysis is to update the
results to 1970 for bofh crops., According to Yung Liu's study, yield
response to phosphorus and potassium are negligible. An attempt has been
made in this study to find out the year when the yield response to
phosphorus or/and potassium becomes statistically significant.

The analysis of variance results show tﬁat for cérn and grain sorghum
the most important yield response is to nitrogen for all the years. The
yield response to phosphorus, while non-significant from 1961-1965 for
corn, is significant from 1966-1970. For grain sorghum, which data went as
far back as 1959, the yield response to phosphorus is also statistically
significant from 1966-1970, This implies that the farmer need not apply
phosphorus to corn until the sixth year and to grain sorghum until the
eighth year,

Limitations of the study - A case of no direct application.

The response of corn or grain sorghum to nitrogen and phosphorus vary
with soil, climate and other environmental conditions and therefore the
interpretation of these results should be applied only to conditions

prevailing during the experiment and also because of the following reasons:
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1) The expérimental plots were small units, each of which is only a
minute percentage of the farmer'smany acres of land., It is therefore
easier to manage efficiently the small expefimental plots than is possible
under the farmer's conditions.

2) The notion of averages in terms of the ten-year period yield data
and prices of nitrogen and corn and grain sorghum is only a matter of
convenience. An ‘averagé year' or 'average price' is difficult to come by,

3) 1t was ensured that soil moisture did not limit the growth of
corn and gréin sorghum because enough irrigation water was applied at
preplant stages and during the growiné seasons, These results will not
apply to conditions where soil moisture is a limiting factor.

4) One of the objectives assumed in this study is the maximization
of returns from a particulﬁr acre of corn or.grain sorghum. The farmers,
however, may have a different objective, such as maximization of income
from all their enterprises in their farming businesses which compete for
the available scarce resource (capital).

Appraisal of the Study

Despite the direct inapplicability of the analysis of experimental
data to any particular farm situation, generalized recommendations can be
made and the nature of the response curves can serve s useful guide to all
people dealing with fertilizers, Secondly, the massive production
functions derived in this study can be used for teaching purposes and may
be useful for future research work. Thirdly, the importance of this study
to the extension workers cannot be overemphasized as it can assist in
deciding the recommendations to be put forward to the farmers. It is

noteworthy that the most profitable rate of nitrogen applications obtained
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using each year's data, prices of input nitrogen and of outputs corn and
grain sorghum are in agreement with the recommendations put forward by the
extension service,

Among the different types of functions used, the quadratic form gave
consistently statistically significant results at 0.05 level of probability
for each treatment under each yéar's data. The algebraic forms Y = 65,2495 +

1.0651N - 0.0030N? for corn and Y = 38.1239 + 0.4834N - 0.0016N2

for grain
sorghum have been chosen to show the economic applications in this study.
 The algebraic forms Y = 59,8987 + 1,0651N - O.OOSON2 + 0,2007P for corn
and Y = 35,4679 + 0.4834N - 0,0016N2 + 0.0996P for grain sorghum are
considered as the best functions for describing yield responses to
phosphorus with P held constant at 40 pounds per acre.

As a result of the initial soil test which showed that phosphorus and
potassium nutrients are not limiting factors for the growth of corn and
sorghum, the experiment was designed to contain phosphorus and potassium
treatments at only O or 40 pounds per acre. Tﬁis, however, does not allow
a more detailed economic analysis. It is not possible, for example, to
determine the least-cost combination of P and K with N,

Using the eleven-years (1960-1971) average prices for nitrogen as
$0.0865 per pound and corn as $1.13 per bushel, the most profitable rate of
nitrogen is 164.77 pounds per acre. For the same period using the average
price for nitrogen and grain sorghum at $1.72 per cwt., the most profitable
rate of nitrogen application is 135,38 pounds per acre. When nitrogen is
applied at the most profitable rate with the above prices, the returns to
nitrogen above its cost are $92.06 per acre for corn and $50.40 per acre

for grain sorghum. Returns to nitrogeén above cost change by $2.63 to $4.73



per acre with successive 5 cents per bushel change in the price of corn.
With the same 5 cents per cwt. Change in the price of grain sorghum,
returns to nitrogen above cost change by $1.57 to $1.83 per acre. Thus
adjusting nitrogen dosage to the most profitable rate of application for
each 5 cents change in the price of corn and sorghum gives higher net

returns.
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A, PREDICTED EQUATIONS FOR. CORN
1961

1 (P205=O, K50=0, N variable):

a. Quadratic Function

Y =a + bN + cN° |
Y = 45,1498 + 1,1771N-0.0038N%..c0uueaea(l)
R = 0,96688, RZ = 0,93 , n = 30
Variable T-value Probability Level
N 13,7039 0.001
N’ -9.1923 0.001

b. Square Root Function

Y =a + bN +c:NO'5
Y = 40.0691 - 0.3054N + 11,0628N°0°°......(2)
R = 0.96922, RZ = 0,94, n = 30
Variable T-value Probability Level
N -3.8802 0.001
O3 9.6363 0.001

9



c. Cobb-Douglas Function

Y = aNb
Log Y = Log a + Log N
Log Y = Log 3.6977 + 0.2326 Log N v..u0ve.(3)
R = 0,97226, RZ = 0,95, n = 30
Variable T-value Probability Level
Log N 21.9971 0,001

2. (P05 = 40, K50 = 0, N variable)

a. Quadratic Functions

Y =a +bN + cN?

Y = 44,0791 + 1.1253N - 0.0034N2........ (%)

R = 0,96317, R® = 0.93, n = 30

Variable T-value Probability Level
N 11.8528 ' 0.001
N2 7.3537 0.001

b. Cobb-Douglas Function

Y = anN’

Llog Y = Log a + bLogN

log Y = Log 3.6815 + 0.2358 Log N.......(5)
R = 0.95326, RZ = 0.91, n = 30
Variable T-value

Probability Level

Log N 16.6940 0.001
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3. (P05 = 40, K,0 = 40, N variable)

a,.

C.

Log

Log

Quadratic Function

Y =3 + BN + cN?2

L]

Y

un

R

Variable T-value

0.97406, RZ = 0.95, n = 30

45.0204 + 1.1802N - 0.0038N2%.......(6)

Probability Level

N 15.4932

N2 -10.3487

0.001

0.001

Square Root Function

a + bN + cN0+3

n

30

41,6614 - 0.2508N + 10.2956N0°. . 000ss(7)

Y =

¥ =

R = 0.96233, R = 0.91,

Variable T-value
N . -2.8852
W03 8.1186

Probability-lLevel
0.01 |

0.001

Cobb-Douglas Function

Y = a Nb

f = log a +b Log N

Y = Log 3.7455 + 0,2220
R = 0.96677, RZ = 0,93,
Variable T-value

Log Neseou.(B)

n

30

Probability Level

Log N - 20,0116

0.001
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4. (P05, K20, N variable)

a. - Quadratic Function

Y = a + bN + cN?

Y = 44,7498 + 1,1609N - 0,0036N°. .....(9)

R = 0,96705, RZ = 0,94, n = 90

Variable T-value Probability Level
N 23,9217 0.001
N’ -15.6339 0.001

b. Square Root Functions

i) Y=a +bN+cN0d
Y = 40.6692 - 0.2606N + 10.27958°°3......(10)
R =0,96290, RZ = 0,93, n = 90
Variable T-value Probability Level
N -5.9246 0.001
0+  1m.u20n 0,001

i) Y =2 + bN + cNZ + gnO+3

= 42,0279 + 0,6074N + 4.33461‘!0'5.-.-.0.0023»]2......(11)

Y =
R = 0.97015, R = 0,94, n = 90
Variable T-value Probability Level
N 3.1569 0.005
N> -4.5285 0,001
303 2,9642 0.005
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c. 1.5 Power Function
Y =a +bN+cN*d
Y = 42,7998 + 1,6920N - 0.00038'*>......(12)
R = 0.97012, R? = 0,94, n = 90
Variable T-value ?robaﬁility Level
N 22,0746 0.001
N <3 ~16,6708 0.001
d., Cobb-Douglas Function
Y=a Nb
Log Y =Log a +b Log N
Log Y = Log 3.6950 + 0.1305 Log N ..vvenees.(13)
R = 0.95066, R’ = 0.90, n = 90
Variable T-value Pfobability Level
Log N 28,7458 0.001
1962
1. (P05 = 0, K30 = 0, N variable)
a. Quadratic Function
Y = a + bN + cN2
Y = 65.5414 + 1,0965N - 0,0031N%,.....(14)
R = 0.94036, R? = 0,88, n = 30
Variable T-value Probability Level
N 8.5442 0.001
N> -14.9639 0.001




b.
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Cobb-Douglas Function

Y = a Nb |

Y =Llog a +b Log N

Y = Log 4.1119 + 0,1809 log Ne.u...(15)

R = 0.9008, R? = 0,81, n = 30

Variable T-value Probability Level
Log N 10.9304 0.001

2. (P05 = 40, K20 = 0, N variable)

a. Quadratic Function

b.

Y 2

a + bN + ¢cN

73.6175 + 1.1432N - 0.0036N2......(16)
2

Y

R

0.91743, R® = 0.84, n = 30

Variable T-value Probability Level

N 8,2070 0.001

N2 -5.4304 0.001

Square Root Function

Y =a +DbN + cNo‘s

Y = 65.8555 - 0,3600N + 11.8689N°"5......(17)

R = 0.94355, R = 0,89, n = 30

Variable T-value Probability Level
N -3.2680 0.005

N0+ 3 7.3836 0.001
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¢. Cobb-Douglas Function

Y =21 Nb
log Y =Loga +b log N
Log ¥ = Log 4.1711 + 0,1763 Log N......(18)
R =0,94041, R2 = 0,88, n =30
Variable 'T-'value Probability Level
Log N 14,6342 0,001

3. (P05 = 40, K20 = 40, N variable)
a. Quadratic Function
Y = a + bN + N

72.1679 + 1.0500N - 0.0030N%.....(19)

Y =

R = 0,91883, R? = 0.84, n = 30

Variable T-value frobabili.fy Level
N ~ 7.7066 0.001
N2 -4.,6601 0.001

b. Cobb-Douglas Function

Y=a i
log Y =log a +b Log N
Log Y = Log 4.2265 + 0.1588 Log N......(20)
R = 0.90655, R? = 0.82, n = 30
Variable T-value Probability Lével

Log N 11.5658 0,001




4. (P05, Ky0, N variable)

a.

b.

c.

R

Quadratic Function

Y = a + bN + cN?

Y
2

0.93429, R

Variable T-value

= 0,87, n = 90

70.4423 + 1.1283N - 0.0034N2......(21)

Probability Level

N 15.7907

2

N -9.9255

0.001

0.001

Square Root

Y=a +bN + cp03

Y = 66,4110 - 0.1878N + 9.6761N°"3......(22)

R =0,93245, RZ = 0,87, n = 90

Variable T-value Probability Level
N -2,7396 0.01
N0+ 5 9.6771 0.001

1.5 Power Function

Y =a +b1~l+c1\‘ll'5

Y = 68.5821 + 1.6217N - 0.0003N**>......(23)

R = 0,93715, R% = 0.88, n = 90

Variable T-value Probability Level
N 14,0409 0,001
Nt -10.3285 0.001
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d., Cobb-Douglas Function

a N

Y =
Log Y =Llog a +b Log N
Log Y = Log 4.1665 + 0.,0973 Log Ne.....(284)
R = 0.90510, R2 = 0.82, n = 90
Variable T-value Probability Level
Log N 19,9888 - 0.001

1963

1. (P05 =0, K0 = 0, N variable)
a. Quadratic Function

Y = a + bN + cN?

44,4864 + 0,9212N - 0.0023N2......(25)

Y =
R = 0,95758, R = 0.92, n = 30
Variable T-value Probability Llevel
N 9.2671 0.001
N2 -4.8104 0.001

b. Cobb-Douglas Function

Y =a N
Log Y = Log a + b Log N
Log ¥ = Log 3.6938 + 0,2225 Log N ......(26)
R = 0.93860, R = 0.88, n = 30
Variable T-value Probability Level

Log N 14,3950 0.001
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2. (P05 = 40, K,0 =0, N variable)

a. Quadratic Function

Y =a + bN + oN?

Y = 47.5103 + 0,9518N - 0.0024N2......(27)

R = 0.92339, RZ = 0,85, n = 30 |

Variable T-Qalue Probability Level
N 6.7144 0.001
N’ -3.4888 0.005

b. Cobb-Douglas Function

Y =a Nb
log Y =Llog a +b log N
Log Y = Log 3.6723 + 0,2370 Log N......(28)
R = 0.89908, R? = 0.81, n = 30
Variable T-value Probability Level
Log N 10.8670 0.001

3. (P,05 = 40, K0 = 40, N variable)

a. Quadratic Function

Y=a +DbN+ ch

Y = 46.3349 + 0.9600N - 0.0022N° ......(29)

R = 0,95462, R? = 0.91, n = 30

Variable T-value Probability Level
N 8.3613 0,001
N2 -3,9871 0.001




b. Cobb-Douglas Function

Y=a Nb
Log Y =Llog a +b Log N
Log Y = Log 3.7368 + 0,2273 Log N.‘.....(BO)
R =0.92712, R2 = 0.86, n = 30
Variable T-value Probability Level
Log N 13,0908 0.001

4, (P,05, Ky0, N variable)

a. Quadratic Functions

i) Y=a +bN+cN

Y = 46,1105 + 0,9443N - 0,0023N%......(31)

R = 0.94075, R? = 0,89, n = 90

Variagble T-value ?robabil ity Level
N 13.5771 0.001
N2 - 6.8557 0.001

. ii) Y=a +bN+cN2+dP

Y = 42,0777 + 0,9443N - 0,0023N% + 0.1512P .....(32)

R = 0.94396, RZ = 0.89, n = 90

Variable T-value Probability Level
N 13.8689 0.001
N2 - 7.0031 0.001

P 2.1865 0.05
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b.

C,.

ifi) Y =a + bN + cN? + dNP

Y = 46,1105 + 0,9090N - 0,0023N2 + 0,0013NP......(33)

R = 0.94435, R? = 0.89, n = 90

Variable T-value Probability Level
N 13.0733 0.001
N2 - 7.0269 0.001
NP 2.3237 0.025

Square Root Functions

Y=2a + bN0’5 + cP

Y = 38,0789 + 7.351280°3 + 0,1512P...... (34)

R = 0.94136, R® = 0.89, n

Variable T-value Probability Level
-5 25.9339 0.001
P ©2.1512 0.05

1.5 Power Function

i) Y=a + bN + ch'S
Y = 44,9200 + 1,2761N - 0.0002N'°°......(35)
R = 0.94165, R> = 0.89, n = 90
Variable T-value Probability Level
N 11.1523 0.001
N5 - 7.0004 0.001

105



i) Y =a + bN + N2 + gp
Y = 40,8871 + 1,2761N - 0.0002N}*> + 0.1512P......(36)
R = 0,94486, RZ = 0,89, n = 90
Variable T-value Probability Level
N 11.3968 0.001
NS L 7.1539 0.001
NP 2.2037 0.05
111) Y =a +bN + eN!'*> + aNP
Y = 44,9200 + 1.2508N - 0.0002N'*> + 0.0013NP.....(37)
R = 0.94525, RZ = 0.89, n = 90

Variable T-value Probability Level

N 11.0202 0.001
N5 - 7.1786 0.001
NP 2.3421 0.025

d. Cobb-Douglas Function

Y=a Nb

log Y = Log a + b Log N

LOg ¥ = Log 3.7013 + 0.1279 LOE N eeeeeeveseeesssnnannnses(38)
R = 0.89278, RZ = 0.80, n = 90
Variable T-value Probability Level

Log N 18.5912 0.001
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1964

1. (P05 =0, K50 =0, N variable)

a. OQuadratic Function

Y =a + bN + cN?
Y = 55.6425 + 1.0672N = 0.0035N%eueesesseeenssssoeeesss (39)
R = 0.97143, R =0,94, n = 30
Variable T-value Probability Level
N 14. 4896 0.001
N> - 9.5423 ~ 0.001

b. Square Root Function

a + bN2 + oNO*3

Y

2 0

Y = 53,1581 = 0,0006N% + 7.7790N0" s cervneerennnnvannss (40)

0.95139, R? = 0.91, n = 30....

R =
Variable T-value Probability Level
N2 ~2.6149 0.025
i 10.9063 0.01

¢. Cobb-Douglas Function

Y=a Nb

Log Y =Log a +b Log N

Log Y = Log 4.0057 + 0.1733 LOg N cvvveencocoancancsncssnss (41)
R = 0,95189, R2 =0,91, n = 30
Variable T-value Probability Level

Log N 16,4368 0.001
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2. (P05 = 40, Ky0 =0, N variable)

a. Quadratic Function

Y = a + bN + N
Y = 58,0597 + 0.9807N = 0.0028N%. .1 evunseeennocnoesenns (42)
R = 0.94909, B2 = 0,90, n = 30
Variable T-value Probability Level
N 9.5422 0.001
N2 -5.6792 0.001

b. Cobb-Douglas Function

Y =a Nb
Log Y = 1log a + b Log N
Log Y = Log 3.9984 + 0.1793 Log Neveverrsanssncnosnssnanass(43)
R = 0,95082, R? = 0,90, n = 30
Variable T-value Probability Level
Log N 16,2434 0.001

3. (P05 = 40, K0 = 40, N variable)

a. OQuadratic Function

Y =a + bN + cN?
Y = 53,2550 + 1.0117N = 0.0026N20eunnaneeeeessennnnens (U
R = 0,98066, RZ = 0,96, n = 30
Variable T-value Probability Level
N 14,4835 0.001
N2 - 7.8350 0.001
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b. Cobb-Douglas Function

Y=a Nb
Log Y =Log a + b Log N
Log ¥ = Log 3.9304 + 0.1963 LOg Neveseecnvosasrscsnssscneas (45)
R = 0.95481, R? = 0,91, n = 30
Yariable T -value Probability Level
Log N _ 16,9995 0.001

4. (N, P, K variable)

a. Quadratic Functions

i) Y =a +bN + ch

ii)

Y = 55,6527 + 1.0199N = 0.0029N%.ssuuuserannnnseees(46)
R = 0.96298, R? = 0,93, n = 90
Variable T-value Level of Probability
N 20,4563 0.001
N -12.2605 0.001
Y =a + bN + cNP + dN?
Y = 55,6527 + 0.9953N - 0.0029N + 0,0000NP. .. ... .. (47)
R = 0.96510, R® = 0,93, n = 90
Variable T-value Level of Probability
N 19,9357 0.001
N’ 12,5469 0.001

NP 2,2610 0.050
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2

iii) Y =a +bN + cN° +d NK
Y = 55.6527 + 1.0070N - 0.0029N2 + 0,0010 NK.veoooaaess(l8B)
R = 0.96529, RZ = 0,93, n = 90
Variable T-value Level of Probability
N 20,5971 0,001
N2 -1 2.. 5805 0.001
RK 2.3665 0.025

b. Square Root Function
0.5 2

Y = a + bN + ¢N
0.5 2
Y = 52.8150 + 7-5312N - o.OOOSN ....'I.......'...Il.....(ug)
R = 0.95277, RZ = 0.91, n = 90
Variable T-value Level of Probability
N0 5 17,6420 0.001
N - 2,3036 0.025

c. The 1.5 Power Function

i) Y =a + bN + ch‘s

Y = 54.3768 + 1,4304N - o.ooosu?'s.....................(50)
R = 0,96282, RZ = 0.93, n = 90
Variable T-value Level of Probability

N 17,2745 0.001

N3 ~12,2199 0.001
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a + bN + cnl’s + dNP

ii) Y=
Y = 54,3768 + 1,4058N - 0,003N'"> + 0.0009NP.......(51)
R = 0.96494, RZ = 0,93, n = 90
Variable T-value Level of Probability
N 17.2153 ~0.001
N3 12,5038 0.001
NP 2.2559 0.05
ii1) Y =a + bN + cNl*3 + dNK
Y = 54,3768 + 1,4176N - 0,0003N!"> + 0,0010NK......(52)
R = 0.96513, RZ = 0.93, n = 90 |
Variable T-value Level of Probability
N 17,5237 0.001
w5 osan | 0.001
NK  2.3612 0.025

Cobb-Douglas Functions

Y = a NP

Log ¥ = Log a + b Log N

Log Y = Log 3.9801 + 0,1020 Log Nuevseovveeseocsoncaanas(53)
R = 0,92238, R? = 0.85, n = 90
Variable T-value Level of Probability

Log N 22.3999 0.001




1965
1. (P,0g = 0, K0 =0, N variable)
a. Quadratic Functions
Y = a + bN + cN?
Y = 44,6650 + 1,1262N = 0.0032N%1euneenneennsacannsans(5H)
R = 0.96495, R? = 0,93, n = 30
Variable T-value Probability Level
N 11.6377 0.001
N’ - 6.9225 0.001
b. Cobb-Douglas Function
Y =a Nb
log Y = Log a + b Log N
Log Y = Log 3.7723 + 0,2201 Log N..;,......................(55)
R = 0.94888,‘R2 =0,90, n = 90
Variable T-value Probability Level
Log N 15.9073 0.001

2, (P,05 = 40, K0 = 0, N variable)

a. Quadratic Function
Y = a + BN + cN’
Y = 42,9344 + 1,3395N - 0.0039N%, seeeereeeoranoocessans(56)
R = 0.97821, R® = 0.96, n = 90
Variable T-value Probability Level
N 15,2369 0.001
N> - 9.2519 0.001
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b. Square Root Function

Y =a +bN+eN0'5 + dN?
2 0.5
Y = 48,5990 + 2,4913N - 0.096?N -~ 9.0209N issnnulD7)
R = 0,98686, R2 =0,97, n= 30
Variable T-value Probability Level
N . B.,6329 0.001
N0+ 3 -4.,1130 0.001

c. Cobb-Douglas

Y =a Nb

Log Y =Log a + b Log N

Log Y Log 3.8096 + 0.2296 Log Noo'uu-.oc.o.ut--o-o-o-(se)

0.93948, R = 0.88, n = 30

R

Variable T-value Probability Level

Log N 14,5097 0.001

3. (Py0g5 = 40, K,0 = 40, N variable)

a. Quadratic Function

Y =a + bN +'cN2

Y = 48,7853 + 1.1369N - 0.0029N2...;...............(59)
R = 0,97496, R = 0.95, n = 30

Variable T-value Probability Level

N 12,2929 | 0.001

N2 - 6.4212 0,001




b. Cobb-Douglas Function

Y=a Nb
Log Y = Log a + b Log N
Log Y = Log 3.8685 + 0,2182 LOE Nevsvevoocevescsssscssa(60)
R = 0,9317, RZ = 0,87, n = 30
Variable ~ T=-value Probability Level
Log N 13,5755 0.001

4. (N, P,05, K,0, Variable)

a. Quadratic Function

i) Y =a + bN + ch

ii)

45,4617 + 1.2000N = 0.0033N%%eveeeensennsss(61)

Y =
R = 0,96360, RZ = 0.93, n = 90
Variable T-value ‘ Probability Level
N 19,8475 0.001
N2 -11.4432 0.001
Y =a +bN + cN? + dp
Y = 38.7805 + 1,2009N - 0.0033N2 + 0,2505P, ....(62)
R = 0.97066, R> = 0,94, n = 90 |
Variable T-value Probability Level
N 21.9391 0,001
H2 ~12.6491 0.001

P 4,5059 0.001
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2
a +bN + ecN + dNP

i) Y =
Y = 45,4617 + 1.1384N - 0.0033N° + 0,0023NP, ... (63)
R = 0,97263, RZ = 0.95, n = 90
Variable T-value Probability Level
N 21.0063 0.001
N -13.0014 0.001
NP 5.2788 0.001
b. Square Root Function
i) Y=a + bNo's-!- cP
Y = 38.2364 + 8.1368N07> + 0,2505Ps 00seeeessns (64)
R = 0,94960, RZ = 0,90, n = 90
Variable T-value Probability Level
w05 28.0399 0.001
P 3.4766 0.001
i) Y =a +bN0*7 + onp
Y = 46.3343 + 7.2840N°"> 4 0.0023NP.+eeeereeess(65)
R = 0.95174, RZ = 0,91, n = 90
Variable T-value - Probability Level

N3 20,5903 0.001

NP 4.0462 0.001




iii) Y =a + bN + cND’S + sz
Y = 48,7378 + 1.8670N - 5,2173N °° - 0,0049N%......(66)
R = 0.96680, RZ = 0,93, n = 90
Variable T-value Probability Level
N 7.7555 0,001
A -2.8516 0.01
N2 -7.8041 0.001
iv) Y =a+bN+eN +an05 +ep
Y = 42.0566 + 1.8670N - 5.2173N "> - 0,0049N2 +
042505P: ¢ v uuunerenececonsnsoscesensocossacsness(67)
R = 0.97383, R? = 0,95, n
Variable T-value Probability Level
N 8.6695 0,001
x0-3 -3.1877 0.05
N2 -8.7238 0.001
P 4.7398 0.001
v) Y=a+bN+ceN? + a0 34 enp
Y = 48.7378 + 1.8046N ~ 5,2173N°°° -0.0049N2 +
G 00BN Paws & 5 wwmwinsca 5 5 4 s nwiasans & ssvsavasn (68D
R = 0,97580, R? = 0,95, n = 90
Variable T-value - Probability level
N 8.6969 0.001
N? -3.3132 0.001
-9.0675 0.001
NP 5,5766 0.001
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C.

1.5 Power Function

i)

ii)

iii)

Y = a + DbN + ch'S
Y = 44,6500 + 1.6286 - 0.00003N ">, . 00usunssss(69)
R = 0.95083, R? = 0.92, n
Variable T-value Probability Level

N 15.475 0.001

N3 _10.5312 0.001
Y =a +bN+cN"> +gp
Y = 37.9687 + 1.6286N - 0,0003N'*> + 0.2505P...(70)
R = 0.96692, RZ = 0.93, n | |
Variable T-value Probability Level

N 16.9235 0.001

N3 11,5167 0.001

0.001

P 4,2478

Y =a +bN + N3 + anp

= 44,6500 + 1.5661N - 0.0003N'*> +

Y =
0.0023NP. 1 vuerennerrnnoenenenssvasonssaness(71)
R = 0.96890, RZ = 0.94, n
Variable T-value Probability Level
N 16.6266 0.001
NLe3 _11.8725 0.001
NP 4,9570 0.001
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d.

Log

Log

b.

Log

Log

Cobb-Douglas Function

Y =a Nb

Y =1Loga+b Log N

Y = Log 3.8254 + 0,123]1 Log Nevveusnsnenensesnss(72)
R = 0.90092, RZ = 0.82, n = 90

Variable T-value Probability Level

Log N 19.4743 0.001

0, N variable)

Quadratic Function

Y = a + bN + cN° |
Y = 67.9413 + 0.7742N = 040023 nseneensenneens(73)
R = 0.84654, RZ = 0.72, n = 60
Variable T-value Probability Level

N 7.7432 0.001

n2 ~4,8596 0.001

Cobb-Douglas Function

Y =anP

Y=1loga+blogN

Y = Log 4,1334 + 0,1392 Log Nuvesoveosesnonsone(74)
R = 0.86941, R% = 0.76, n = 60

Variable T-value Probability Level

Log N 13. 4006 0.001
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2, (P,05 = 40, K0 = 0, N variable)

a. Quadratic Function

Y =a +bN + N
Y = 60.0318 + 0.9614N = 0.0029N 1 eereeennsanssnesss(75)
R = 0.91061, RZ = 0,83, n = 60
Variable T-value Probability Level
N 10. 6528 0,001
N - 6.6427 0,001

b. Cobb-Douglas Function

Y =a Nb

log Y = Log a +b Log N

Log Y = Log 4.0445 + 0,1656
2

Log Nl‘l‘...ll.."..].lI..I(76)

R = 0,89937, R™ = 0.81, n = 60
Variable T-value Probability Level
Log N 15.6669 0.001

3, (P05 = 40, K,0 = 40, N variable)

a. Quadratic Function

Y= a "'bN*ch

Y = 6507532 + 0.9106N .

R = 0.90433, R = 0.82,

0.0027N

n

60

2

..--a----o....--noo(??)

Variable T-value Probability Level
N 10.0707 0.001
2 0.001

N - 6.1818
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b. Cobb-Douglas Function

Y =a NP
log Y = log a +b Log N
Log Y = Log 4,1288 + 0,1532 LOZ Neveeeseososoescsnosnes(78)
R = 0.88883, R = 0,79, n = 60
Variable 7 T-value Probability Level
Log N 14,7718 0.001

4, (N, P, K variable)
a. Quadratic Function

i) Y=a +bN+cN
2

Y = 64,5754 + 0.882IN = 0.0026N%scsesencssoess(79)
R = 0.88386, RZ = 0.78, n = 180
Variable T-value Probability Level

N 16.0371 0.001

N2 - 9.9655 0.001

ii) Y =a + bN + ch + dP

61.5333 +0.8821N - 0.0026N° + 0.1141P.....(80)

Y =

R = 0.88677, R> = 0.79, n = 180

Variable T-value Probability Level
N 16.1835 0.001
N2 -10.0564 0.001

P 2.0605 0.05
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a + bN + ch + dNP

iil) Y =
Y = 64.5754 + 0,8460N - 0,0026N° + 0,0014NP. ... (81)
R = 0.88984, R? = 0,79, n = 180
Variable T-value Probability Level
N 15,3452 0.001
N -10.1876 0.001
NP 2.9965 0.005
iv) Y =a + bN + ch + dK
Y = 62,9403 + 0.8821N - 0,0026N° + 0.1226K. ..., (82)
R = 0.88722, R = 0,79, n = 180
Varigble T-value Probability Level
N 16,2140 0.001
n? -10.0754 0.001
K 2.2192 0.05

b. Square Root Functidn

i) Y=a +bN + cﬂo's

62.1697 - 0,1149N + 7.1893N0°s;............(33)
2

Y

R

0.87660, R® = 0.77, n = 180

Variable T-value Probability Lavel

N “2.1382 0.05

N0+ 3 9.1685 0.001




ii)

tii)

iv)

0,5

Y=4a +bN +cN "~ +dP
Y = 59,1275 - 0.1149N + 7.1393N°' +ro.11u4p...(8u>
R = 0.87953, RZ = 0,77, n = 180
Variable T-value Probability Level
N -2,1563 0.05
" 9.2461 0.001
P 2.0015 0.05
Y=g +bN+cN'> + dNP
Y = 62,1697 - 0,1510N + 7,1893N%+3 + 0,0014NP..(85)
R = 0.88263, RZ =078, n = 180
Variable T-value Probabiiity Level
N ~=2.7914 0.010
-3 9.3598 0.001
NP 2.9086 0.005
Y =a +bN + el + dK
Y = 60.5345 - 0,1149N + 7.1893N°*% + 0.1226K... (86)
R = 0.87999, R% = 0,77, n = 180
Variable T-value ~ Probability Level
N -2.1601 0.05
0.3 9.2625 0.001

K 2,1554 0.05
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v)

vi)

Y=a+bN"> + oN
Y = 61,6292 + 6.6166M0° = 0.0004N%...eurnsenss(87)
R = 0,87920, RZ = 0.77, n = 180
Variablé T-value Probability Level
No-5 15.5397 0.001
N - - 2.8681 - 0,005
Y =a + b\ + on? + gnp
¥ = 61.7327 + 6.337780°° - 0,0005N% +

o.ooluNP......II..'.l..I..l....l-l..l.l'.'.(as)

R = 0.88583, R = 0.78, n = 180

" Variable T-value Probability Level

i)

N0+ 3 14,8952 0.001
N2 | - 3,5530 0.001
NP 3.0944 _ 0.005

Power Function

Y =a +bN + cNle3
Y = 63.2602 4 1.2603N = 0.0002N'">....0eunen...(89)
R = 0,88526, R> = 0.78,-n = 180
Variable T-value Probébility Level
N 13.9041 0.001

N5 -10.1231 . 0.001
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ii) Y =a +bN+cN1'5+dP
Y = 60,2181 + 1,2603N - 0,0002N'*> + 0,1141P....(90)
R = 0,88816, RZ = 0,79, n = 180
Variable T-value Probability Level
N 14.0329 0.001
N -10,2169 0.001
P 2,0725 0.05
i4i) Y =a + bN + oN'*3 4+ gk

iv)

Y = 61.6251 + 1.2603N - 0.0002N'*> + 0,1226K..,..(91)
R = 0,88861, RZ = 0.79, n = 180
Variable T-value Probabflity level
N 14,0597 0,001
e -10,2364 0,001
K 2,2322 0.05
Y =a +bN + cN'*? + aNp
Y = 63,2602 + 1.2242N - 0,00025%°5 +

O.OOIQNP‘..'.llII.l.'ll.!.!....l.......ll...(gz)

R = 0.89124, R? = 0,79, n = 180

Variable T-value Probability Level
N 13,6873 0,001
nl-3 -10.3518 0.001

NP 3.0145 0.005
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d. Cobb-Douglas Function

a N

Y =

Log Y = Log a +b Log N

Log Y = Log 4.1011 + 0,0855 Log Nucessseswerannsssasense$I3)
R = 0.86031, RZ = 0.74, n = 180
Variable T-value Probability Level

Log N 22,5157 0.001

1967

1. (P205 = 0, K50, 0, N variable)
a. Quadratic Function

Y = a + bN + oN?
2

Y = 47.8499 + 1.1303N - 0,0033N sueuvesecncnronsnases (94)
R = 0.90261, R> = 0.81, n = 60
Variable T-value Probability Level

N ' 9,7602 0.001

N _5.8737 0.001

b. Cobb-Douglas Function

Y =a Nb

Log Y = Log a +b Log N

Tog Y S Lag 3.7560 + 0,208F log N, ¢ swsuemnos ¢ v sumeswnss s (09)
R =
Variable T-value Probability Level

Log N 18,1582 0.001
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2, (P05 = 40, Ky0 =0, N variable)

a. Quadratic Function

2

Y=g + bN +cN

55!1707 +1.2651N- 0.0037N20Cl.l..'l..l...ll...(96)
2

Y

R = 0.92584, R = 0.86, n = 60

Variable T-value Probability Level

N 11.7118 0.001

b. Cobb-Douglas Function

Y =a Nb
Log Y = Log a b Log N
Log Y = Log 3.9239 + 0,216l LOE Nuvecsvesossonoancascssal97)
R = 0,88517, R = 0.78, n = 60
Va.ri.able ‘ T-value Probability lLevel
Log N - 14,4890 0,001

3. (P05 = 40, K,0 = 40, N variable)

a. Quadratic Function

Y 2

#

a + bN + N

Y = 50.444] + 1,2934N - 0.0039N2

....................(98)

R

it

0.94816, R? = 0,90, n = 60

Variable T -value Probability Level

N 14,6793 0,001

N2 - 9,2999 0.001




b. Cobb-Douglas Function

Y =a Nb
Log Y =Log a + b Log N
Log Y = Log 3.8852 + 0.2179 Log Nuvevevsreonosescacnsess (99)
R = 0.94181, R? = 0.89, n = 60
Variéble ‘ T-value Probability Level
Log N 21.3375 0.001

4, (N, P, K variable)

a. Quadratic Functions

S1.1549 + 1.2296N = 0.0036N%euescnseesesss (100)

i) Y =a +bN + cN
Y =
R = 0,91612, RZ = 0.84, n = 180

ii)

Variable T-value

Probability lLevel

N 19. 2859 0.001
N> -11.9223 0.001
Y =a +DbN + cN2 + dP
Y = 43.5447 + 1.2296N - 0,0036N° + 0.2854P.....(101)
R = 0,92569, RZ = 0.86, n = 180
Variable T-value Probability Level
N 20,3817 0.001
N2 12,5997 0.001
P 4.6567 0.001
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b. Square Root Functions

i) Y=a +bN + N3

48,6826 - 0.1283N + 9.59218°°3, ... .........(102)

Y =
R = 0.90401, R? = 0.82, n = 180
Variable T-value Probability Level
N -1.9862 0.05
N3 10.1813 0.001
i) Y=a +bN +cN’5 +dp
Y = 41.0724 - 0.1283N + 9.5921N0'5 +
0.2858P e eesnnnrressnesresesneessssanones(103)
R = 0.91371, R> = 0,83, n = 180
Variable T-value Probability Level
N 22,0837 0.001
8% 10.6807 0.001
P 4.3349 0.001
11i) Y = a + bN° + oN0+5
Y = 47.5938 + 9.1090N°*> - 0,0005N%4 . 0uussens.s. (104)
R = 0.90688, RZ - 0.82, n = 180
Variable T-value Probability Level
N> 17.8852 0.001

N5 . 3,0398 0.005




129

iv) Y=2a + bND'5 + ch + dP
Y = 39.9836 + 9.1090N°"> - 0,0005N° +
0.2855P. 1ot seeseennnnncensasessssarssseees (105)

R = 0.91655, RZ = 0.84, n = 180
Variable T-value | Probability Level

w03 18.7919 0.001

N - 3,1939 0.005

P 4, 4047 0.001

1.5 Power PFunction

i) Y =a + bN + N3
Y = 49,5588 + 1,7407N - 0.0003N'°>.....0uveues. (106)
R = 0,91601, RZ = 0.84, n = 180
Variable T-value Probability Level
N 16.4628 0.001
1.5

N ~11.9059 0.001

i1i) Y =a + bN + eN'*2 + gp

Y = 41.9486 + 1.7407N - 0.0003N " +

ul6535Pll...ll.II..l.UI.....l.l.l.!!'l'....(loy)

R = 0.92559, R® = 0.86, n = 180

Variable T-value Probability Level
N 17.3969 0.001
NS 12.s814 0.001

P 4,6535 0.001
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d. Cobb-Douglas Function

i) Y=anN
log Y =log a +b Log N
Log Y = Log 3.8516 + 0.1240 LOog Nevevroosusasnessse(108)
R = 0.88782, RZ = 0,79, n = 180
Variable T-value Probability Level
Log N 25,7398 i 0.001
ii) Y =a NP PC
Log Y = log a +b Log N +¢c Log P
Log Y = Log 3.7825 + 0,1240 Log N + 0.9141 Log P....(109)
R = 0.89476, R> = 0.80, n = 180
Variable T-value | Probability Level
Log N 26,4510 0.001
Log P 3.3124 0.005

1968

1, (P205 =0, Ko0 = 0, N variable)

a. Quadratic Function

Y =a +bN + cN2

Y = 46,4346 + 0.9008N = 0.0021N%+eenessennrnnsnn.s(110)
R = 0,91298, R® = 0,83, n = 60

Variable T-value Probability Level

N 8.5984 0.001

2
N ~4,1760 0,001




b. Cobb-Douglas Function
Y=a Nb
log Y = log a +b Log N
Log Y =
R = 0,91581, R? = 0,84, n
Variable T-value
Log N 17.3663

Idog 3.7661 +0.2108 Iog NI..I..I.C‘....l..'...'(lll)

Probability Level

0.001

2. (P05 = 40, K50 = 0, N variable)

Quadratic Function

Y =a + bN + cN?

D.Oozyuzlll.l.ﬂ....l'-lI..‘(llz)

Probability Level

Y = 45.6525 + 1,1404N -
R = 0.96390, R? = 0,93,
Variable T-vglue
N 14,1398
N2 - 7.0146

0.001 .

0.001

Square Root Function

0.5

Y =a + bN + ¢cN

b4

R = 0.95333, R? = 0,91,

Variable

T-value

5

U5.4748 + 0,1774N + 6,4L19N " “ievereresacanansa(ll3)

Probability Level

N - 2.0419

0.5

N 5.0595

0.05

0.001
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Ce.

Cobb-Douglas Function

Y=anN
Log Y = Log a + b Log N
Log Y = Log 3.7794 + 0.2362 Log Nuvevesesssososasananaa(114)
R = 0,92921, R? = 0.86, n = 60
Variable T-value Probability Level
Log N 19.1487 | 0.001

3. .(P205 = 40, K,0 = 40, N variable)

Quadratic Function

Y =a + DbN + ch

Y = 46.0182 + 0,9483N - 0.0015N2......;............(115)
R = 0,96391, R2 = 0,93, n = 60
Variable T-value Probability Level

N : 10,9645 0,001

N2 - 3.5037 0.001

Square Root Function

Y =a +bN + cN2 + dNo's
Y = 50,0080 + 1,7595N - 0.0034N° - 6.3538N0>,.....(116)
R = 0,96742, RZ = 0.94, n = 60
Variable T-value Probability Level
N 5.1240 0.001
N’ -3.7946 0.001
§o<3 0.025

~2.4346
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c¢. Cobb-Douglas Function

Y =a N’
Log ¥ = Log a + b Log N
1og Y = Log 3.7851 + 0.2323 Log Neveeererosvsasnnosnsas (117)
R = 0.89678, RZ = 0.80, n = 60
Variable T-value Probability Level
Log N 15,4355 0.001

4. " (N, P,0s, Ky0 variable)

a. Quadratic Functions

1) Y =a+bN +cN |
Y = 46,0351 + 0.9965N = 0.0021N%. .0vuuuseneesss (118)
R = 0.93201, R? = 0.87, n = 180
Variable T-value Probability Level
N 16.1678 0.001
N - 7.0645 0.001
ii) Y=a +bN+cN2+dP.
Y = 36.7198 + 0,9965N - 0.0021N% ¢ 0.3493P.,..,(119)
R = 0.94433, R% = 0.89, n = 180
Variable T-valye Probability Level
N 17.7593 0.001
N2 - 7.7599 0.001

P 6.1286 0.001




iii)

134

Y =a +bN + cN> + QNP
Y = 46,0351 + 0.9019N - 0.0021N° + 0.0035NP..... (120)
R = 0.95057, R> = 0,90, n = 180
‘Variable T-value Probability Level
N 16.6208 0.001
N - g.2224 0,001
NP 7.9861 | 0.001

b. Square Root Functions

i

ii)

Y =a + bN + cN0°5
Y = 46,1811 + 0,2634N + h.&llzNo'S..;...........(121)
R = 0,92475, R2 = 0,86, n = 180
Variable T-value Probability Level
N 4.2846 0.001
N> s.éeus 0.001
Y =a +bN +cN*3 + gp
Y = 36.8657 + 0.2634N + 4,81128°°5 + 0.3493P.,..(122)
R = 0.93716, R? = 0.95, n = 180 |
Variable T-value Probability Level
N 4,6602 0.001
o3 5.8348 0.001

P 5.7792 0.001




iii)

1.5

i)

ii)

Y=a +bN +cN> + dNP |
Y = 46,1811 + 0,1688N + 4.8112N°°° + 0.0035P.....(123)
R = 0,94345, RZ = 0,89, n = 180
Variable T-value Probability. Level
N 3,0598 0.005
% 6.1410 0.001
NP 7.4801 ~ 0.001

Power Functions

Y =a +bN+cN1'5
1.5

Y = 45.5231 + 1-2655“ - O-OOOZN ...l.l.l.l".l(lzu)
R = 0,93068, R® = 0,87, n = 180
Variable T-value Probability Level

N 12.2734 0.001

M2 - 6,7600 0.001
Y =a +bN +cN'*° + gp
Y = 36.2078 + 1.2655N - 0.0002N'*° + 0.3493p....(125)
R = 0.94301, R% = 0.89, n = 180
Variable T-value Probability Level

N 13,4548 0.001

1.5

N - 7.4108 0.001

P 6.0595 ' 0,001
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1.5
a +bN + cN + dNP

iii) Y =
Y = 45,5231 + 1,1709N - 0.0002N1.s + 0,0035NP,..(126)
R = 0.94927, B2 = 0.90, n = 180
Variable T-value Probability Level
N 13.0547 0.001
Nl's - 7.8417 0.001
NP 7.8853 0,001

d. Cobb-Douglas Functions

i) Y=an

Log Y = Log a + b Log N

LogY=IDg 3.7918 *0‘1241; LogN--..;.--l‘.‘.....(127)

'R = 0.86678, RZ = 0,75, n = 180
Variable T-value Probability Level
Log N 23.1890 0.001

ii) Y= aNPpe

Log Y

Log a + b Log N +'¢ Log P

Log 3.7203 + 0.1244 Log N + 0,0145 Log P....(128)

0.87396, RZ = 0.76, n = 180

Log Y

L]

R

Variable T-value Probability Level

Log N 23,7281. 0.001

Log P 3.0615 0.005




1969

1. (P05 =0, K20 =0, N variable)

a. Quadratic Function
Y =a + bN + cﬂz
Y = 104,1707 + 0.7867N = 0.0026N%..eeuuvereensnonss(129)
R = 0.83452, R2 = 0.70, n = 60
Variable T-value Probability Level
N 8.0727 0.001
N2 -5.4779 0.001
b. Square Root Function
Y =a +bN +cN05
Y = 98,0242 - 0.2938N + 8,6658N0°5, .. 0.iiunanenness(130)
R = 0,86943, R? = 0.76, n = 60
Variable T-value Probability level
N -3.5331 0.001
s 7.1561 0.001
c. Cobb-Douglas Function
Y = aNb
Log Y = Log a + b Log N
log Y = Log 4.5824 + 00,0974 Log Nevvsrvosscesesncsncaes{l3l)
R = 0.89548, R% = 0.80, n = 60
Variable T-value Probability Level

Log N 15,3219 0.001
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2. (PZOS = I-lO,

Cs

Log

Log

K0 = 0, N variable)
Quadratic Function

Y =a + bN + oN?

Y
2

R

Variable T-value

0.,92335, R® = 0,85, n

138

10“.3995 + 0'9353N - 0.0029N ...'.l‘....l.....'(laz)

Probability Level

N 12,3339

N2 - 8.1033

0.001

0.001

Square Root Function

0.5

Y =a + bN + cN

Y

0.93815, R? = 0,88,

R

Variable T-value

99,1415 ~ 0,2558N + 9,1798

....;Cﬁiﬂ...‘.-..(133)

Probability Level

N '3.9381

0.
N> 9.6881

0.001

0.001

Cobb-Douglas Function

Y = anP

Y =1og a +b Log N

Y

Log 4,.5910 + 0,1107

0.94510, R = 0.89,

n

R

Variable T=-value

Log N.l".l.I..l..’.'.ll...(134)

Probability Level

Log N 22,0269

0.001




3.

(P05 = 40, Ky0 = 40, N variable)

a. Qﬁadratic Function

b.

C.

Log

Log

139

Y =a + bN + cN°
Y = 102.4085 + 0,9685N = 0,0032N%. . .00eensseensnrees(l35
R = 0.87984, R® = 0.77, n =
Variable T-value Probability Level
N 10.1690 0.001
N - 7.0725 0.001

Square Root Function

a + bN + cNO'S

Y

Y

"

0.89397, R? = 0.80,

R

Yariable T=-value

97.0018 - 0,.3269N + 9,9068N *

I'l.-.ﬁ......'....(136)

Probability Level

N . -3,8324

0.
AR 7.9609

0.001

0.001

Cobb-Douglas Function

Y = an?

Y =Log a +b Log N

Y = Log 4,5699 + 0,1110
R = 0.90536, R® = 0.83,
Variable T-value

Log Nl....l.l.'."-IlIOl.‘.(137)

Probability Level

Log N 16,2372

0.001




L.

(N, P,05, K0 variable)

Quadratic Functions

a "'bN"'ch

i) Y=
Y = 103.6595 + 0.8968N = 0.0029N%. 0uesesesesss (138)
R =0,87043, R = 0,76, n = 180
Variable T-value Probability Level
N 16.5651 0.001
N -11.2173 0.001
ii) Y =a + bN + cN? + dP
Y = 98.3304 + 0.8968N - 0.0029N% + 0.1998P.....(139)
R = 0.88076, R? = 0.78, n = 180
Variable T-value Probability lLevel
N 17.1711 0.001
N ~11.6277 0.001
P 3.7666 0.001
iii) Y = a + bN + cN? + GNP
Y = 103.6595 *+ 0,8479N - 0,0029N° + 0.0018NP. ... (140)
R = 0.88318, R> = 0.78, n = 180
Variable T-value Probability Level
N 15,9960 0.001
N? -11.7402 0.001
NP 0.001

4,2293




b. Square Root Function

14]

i) Y =a + bN + cNO'S
Y = 98.0558 -: D.Zgzon + 9.2508N0.S.-....nn.....(lkl)
R = 0.89081, R® = 0.79, n = 180

Variable T-value Probability Level
N -6.1514 0.001
N2 13.3592 0.001
ii) Y =a +bN +cN0:3 + ap
Y = 92.7267 - 0.2920N + 9.2508N°°> + 0.1998P. ... (142)
R = 0.90090, R? = 0.81, n = 180
Variable T-value Probability Level
N -6.4216 0.001
x> 13.9459 0.001
P 4.,1098 0.001
iii) Y =a + bN + cN0'3 + dNp
Y = 98.0558 - 0.3409N + 9,2508N°°°> + 0,0018NP...(143)
R = 0.90327, R% = 0.82, n = 180
Variable T-value Probability Level
N ~7.3825 0.001
N+ 2 14,1071 0.001
NP 4.6232 0.001




C.

1.5 Power Functions

i) Y=a+bN+cN">
Y = 101.5767 + 1.3527N = 0,0003N "> uvvveanenns (144)
Y = 0.87995, RZ = 0.77, n = 180
Variable T-value Probability Level
N 15.6219 0.001
NP 12,1725 0.001
ii) Y =a +bN + cNl*3 « gp
Y = 96.2476 + 1.3527N - 0,0003N'*> + 0.1998P..,..(145)
R = 0,89016, B2 = 0,79, n = 180
Variable T-value Probabiiity Level
N 16,2017 0,001
N3 12,6555 0.001
P 3.9148 0.001
iii) Y =a + bN + eNl*3 + gnp

Y = 101.5767 + 1.3038N - 0.0003N%*> 4

0.0’018N-Pl".l.-.'...‘.IOOIOOIICICI.I..I'.C.I(1“6)

R = 0.89256, RZ

=0.79, n

Variable T-value Probability Level
N 15.6759 0,001
N3 12,7879 0.001
0.001

NP 4,3990
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d. Cobb-Douglas Function

i) Y = an®
log Y =1og a +b Log N
log Y = Log 4.5724 + 0.0607 Log N..veveescoannnsass (147)
R = 0,90164, R? = 0.81, n = 180
Vari.able. -T-value Probability Level
Log N 27.8138 0.001
ii) ¥ = aNPpC
Log Y =loga +b Log N+c Log P
Log Y = Log 4.5389 + 0.0607 Log N + 0.0068 Log P...(148)
R =0.90851, R? = 0.83, n = 180
Variable T-value Probability Level
Log N 28.7062 0.001
Log P 3.5504 0,001

1970
1. (P05 =0, K,0 = 0, N variable)

a. Quadratic Function

Y = a + bN + cN?
Y = 93,1042 + 1.2889N = 0.0037N% 0 seerernensneesess(149)
R = 0.96116, RZ = 0.92, n = 60
Variable T-value Probability Level
N 16.2375 0.001
2

N - 9.7873 0,001
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b. Square Root Function

a + bN + cﬂo‘s

Y =
Y = 87,5487 - 0,1857N + 11.1288N° 2 0evervnasenness (150)
R = 0.96571, R = 0.93, n = 60
Variable T-value Probability Level
N | -2.6182 0.025
N3 10,7550 0.001

¢, Cobb-Douglas Function
Y = aNb

Log Y=Log a +b Log N

Log Y = Log 4.4545 + 0,1611 Log Newsusossasosoassaesssa(l51)
R = 0.96324, R® = 0.93, n = 60
Variable T-value Probability Level
Log N 27.3075 0,001

2. (Py05 = 40, K,0 = 0, N variable)

a. Quadratic Function

Y = a + bN + cN2
Y = 90,9971 + 1,1838N - o.oossuz...................(152)
R = 0,91648, RZ = 0.84, n = 60
Variable T~value Probability Level
N 11.1881 0.001
2

N - 7.0415 0.001
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b. Square Root Function

Y =a +bN +cN0?
Y = 85.0108 - 0.2492N + 10.9602N°°, 1 0uuuecessnsess(153)
R = 0.92607, R® = 0.86, n = 60
Variable T-value Probability Level
N - -2.6291 0.025
i 7.9258 0.001

c¢. Cobb-Douglas Function

Y = an?
log Y =Log a +b Log N
Log Y = Log 4.4298 + 0,1516 LOg Nuvevsvssonsnocncoasoas(154)
R = 0,94107, R? = 0,89, n = 60
Variable T-value Probability Level
log N . 21,1910 0.001

3. (P205 = l'-I-O, K20 = uo, N Variable)

a., Quadratic Function

Y =a + bN + ch
Y = 93,7774 + 1.3010N ~ 0.0038N%.e0euuncorsnsonsess(155)
R = 0.96203, R? = 0.93, n = 60
Variable T-value Probability Level
N 16,6238 0.001
2

N -10,1676 0.001




b. Square Root Function

Y =a + bN ¢+ CNO'S

Y = 88,0888 - 0.2268N + 11.6162N0% 2. . euvereeseenss (156)
R = 0.96842, R® = 0.94, n = 60
Variable T-value Probability Level

N . -3,2959 0.05

W05 11,6186 0,001

c. Cobb-Douglas Function

Y= aNb
log Y =log a +b Log N
log Y = Log 4.U4637 + 0,1603 Log Nuivesvesseasssssneonoeas(l57)
R = 0.96836, R = 0,94, n = 60
Variable T-value Probability Level
Log N 29.2966 0,001

4, (Py05, K90, N variable)

a. Quadratic Functions

i) Y =a +bN + eN?
Y = 92,7377 + 1.2579N = 0.0037N%. 1 vvuvunsensees (158)
R = 0,93908, R = 0,88, n = 180
Variable T-value Probability Level
N 22,9272 0.001
N2 -14.0984 0.001




147

£1) Y =a + bN ¢ cN° + dP
Y = 85,5868 + 1.2579N - 0,0037N% + 0.2682P.....(159)
R = 0,94727, R? = 0,90, n = 180
Variable T-value - Probability Level
N 24,5221 | 0.001
N 15,0791 0.001
P 5,1460 0.001
i11) Y =a + bN + cN? + dNP
Y = 92,7377 + 1.1943N - 0.0037N2 + 0.0024NP. ... (160)
R = 0.94859, R? = 0,90, n = 180
Variable T-value Probability Level
N 23.0019 0.001
N 15,2663 0.001
NP 5,6160 0.001

b. Square Root Function

0,
a + bN + cN 3

i) ¥

86.8750 - 0,2198N + 11.2252N0'5...........-(161)

2

Y

R = 0.89, n = 180

0.94588, R

Variable T-value Probability Level

N ~4,4661 , 0,001

N3 15.6370 0,001




C.

ii)

iid)

1.5

i)

Y =a +bN +cN3 + ap
Y = 79,7240 - 0.2198N + 11.22528°°° + 0,2682P....(162)
R = 0.95401, RZ = 0.91, n = 180
Variable T-value Probability Level
N  -4.8211 0.001
N3 16.8800 0.001
P 5.5009 0.001
Y = a + b0 + cn? +ap
Y = 79.8447 + 9,7591N°"> - 0.0006N° + 0.2682P....(163)
R = 0.95501, R = 0.91, n = 180

Variable T-value

Probability Level

NO-3 27.0477
N2 - 5.2517
P 5.5604

0.001
0.001

0.001

Power Functions

Y =a +bN + eNI*O

1]

Y = 90.4295 + 1.8183N - O.OOOMNl'S.............(16&)
R = 0.94353, R = 0.89, n = 180
Variable T-value Probability Level

N 20,7462 0.001

N'-3 15,0828 0.001
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d.

1.5

149

ii) Y =a + bN +cN + dp
Y = 83.2786 + 1.8183N - 0,0004N° + 0.2682P.....(165)
R = 0.95168, R® = 0,91, n = 180
Variable T-value Probability Level
N 22,3180 0.001
N’ . -16.2255 0.001
P 5,3700 0.001
iii) Y =a +bN+cN1'5+dNP
Y = 90,4295 + 1.7547 - 0,0004N'*> + 0.0024NP. ... (166)
R = 0,95300, B> = 0,91, n = 180

Variable T-value

Probability Level

N 21.6323
NP 16,4452

NP 5.8670

0.001
0.001

0.001

Cobb-Douglas Functions

i) ¥ =aN®

Log Y = Log a +b Log N

log ¥ =
R = 0.93685, R? = 0.88, n
Variable T-value

Log 44420 + 0,0891 LOg Neurvsvenesseosanss(167)

= 180

Probability Level

Log N 35.7400

0.001




ii) Y = a NPP©

log Y =log a +b Log N +c¢ Log P .
Log Y = Log 4.3993 + 0,0891 log N + 0.0087 Log P....(168)
R = 0.94226, R® = 0.89, n = 180
Variable T-value ‘Probability Level
Log N 37.2203 0.001
log P 4.0063 0.001
iii) Y = aN’k®
Log ¥ = Log a + b Log N + ¢ Log K
Log Y = Log 4,4301 + 0.0891 Log N + 0.0049 Log K....(169)
R = 0,93855, B> = 0,88, n = 180
Variable T-value Probability Level
log N 36,1122 0.001
Log K 2,.1740 0,05

1961, 1965, 1968 - SOIL TEST YEARS

1. (P05 = 0, K,0 =0, N variable)

a. Quadratic Function

Y =a + bN + cN2

Y = 45,6711 + 1,0262N ~ 0,0028N%suevvenoacenecsses(170)
R = 0,93228, RZ = 0,87, n = 120

Variable T-value Probability Level

N 16,2415 0.001

N - 9.2365 0.001
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b. 1.5 Power Function
Y=a +bN+cN1'5
Y = 44,5135 + 1,4363N = 0.0673N1°, 1 0riiiinnneennns (172)
R = 0.93240, R% = 0,87, n = 120
Variable T-value | Probability Level
N ~ 13.5085 0,001
N> - 9.2546 0.001
¢. Cobb-Douglas Function
Y = an®
Log ¥ = Log a + b Log N
Log Y = Log 3.7506 + 0.2186 Log Nevesseesosonsaceanaaaa(172)
R = 0.93763, R® = 0.88, n = 120
Variable T-value | Probability level
log N 29,2999 0.001

2, (P,05 = 40, K50 = 0, N variable)

Quadratic Function

Y =a + bN + cN?

Y = 44,5796 + 1.1864N - 0.0032N%,uesuseruvanonesens(173)
R = 0.95363, RZ = 0,91, n = 120

Variable T-vglue Probability Level

N 19,5748

2

N -10,.9019

0.001

0.001
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b. 1.5 Power Function

Y =a + bN + ch’S
Y = 43,6509 + 1.6276N = 0,0746N1°2 1 vevvurrereanens (178)
R = 0,95173, R? = 0.91, n = 120
Variable T-value -Probability Level
N © 15.6367 0.001
k3 10,4783 | 0.001

¢. Cobb-Douglas Function

Y= aNb
log Y =Log a +b Log N
Log Y = Log 3.7625 + 0.2344 Log Nuseeeossnsscssnsanssse(l75)
R = 0.93316, RZ = 0,87, n = 120
Variable T-value | Probability Level
Log N 28,2008 0.001

3. (Py05 = 40, Ko0 = 40, N variable)

a. Quadratic Function

Y =a + bN + cN
Y = B6.4606 + 1.0534N = 0,002UN% eeeneennseenensans(176)
R = 0,94389, R = 0,89, n = 120
Variable T-value Probability Level
N 15,4011 0.001
2

N - 7.2670 0,001




b.

C.

d.

Log

Log

Square Root Function

Y =a +bN +cN"
Y = 46,6917 + 0,2184N + 5.46818%° % Lo iiiiiiiiina (177)
R = 0.93418, R% = 0,87, n = 120
Variable T-value 'Probability Level
N 3,114 0.005
s 5.3357 0.001

1.5 Power Function

Y=a +DbN+cN"
Y = 45.9628 + 1.3732N = 0.0553N%°7, .0 0uuununennees(178)
R = 0.94212, R? = 0,89, n = 120
Variable T—valué Probability Level
N 11.7428 0.001
Neo - 6.9112 0.001

Cobb-Douglas Function

Y = an’

Y = Log a + b Log N

Y = Log 3.7960 + 0.2262 LOg Nevsiveovasavoanvanoseas(179)
R = 0,91630, RZ = 0.84, n = 120

Variable T-value Probability Level

Log N 24.8537 0.001
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4, (P05 = K,0, N variable)
a. Quadratic Functions
i) Y=a + bN + cN?

545.5704 + 1.0887N = 0.0028N%. . vueeoceseoses (180)

Y =
R = 0,93456, R = 0.87, n = 360
Variable T-vglue Probability Level
N 27,2549 0.001
N? 14,5320 0.001
ii) Y =a + bN + cN® + dP
Y = 39,2048 + 1.0887N - 0.0028N° + 0,2387P.....(161)
R = 0.94110, R® = 0.89, n = 360
Variable T-value Probability Level
N 28,6404 0.001
N2 -15,2707 0.001
P 6.1820 0.001
1i1) Y = a + bN + cNZ + dNP
Y = 45,5704 +. 1.0244N - 0,0028N° + 0.0024NP....(182)
R = 0.94432, BR? = 0.89, n = 360
Variable T-value Probability Level
N 27.0261 - 0.001
N2 15,6919 0.001

NP 7.7629 0,001




b. Square Root Functions

i)

ii)

iii)

Y=a+bN+cN>
Y = 45,7099 + 0,08L2N + 6,8756N0""uueeseraeenss (183)
R = 0.92371, R? = 0.85, n
Variable T-value Probability Level
N 1.9866 0.05
N0+ 11.5363 0.001
Y =8 + bN + cNo‘s + dP
Y = 38.3443 + 0,0812N + 6.8756N°"° + 0,2387P....(184)
R = 0.93032, R® = 0,87, n
Variable T-value Probability Level
N 2,0723 0.05
" 12,0342 0.001
P 5.6996 0.001
Y =a + bN’+3 + NP
Y = 44,3385 + 7,0992N°°° + 0.0024NPuussessassas (185)
R = 0.93354, B> = 0,87, n = 360
Variable T-value Probability Level
N0+ 5 34,6349 0.001
NP 7.4321° 0.001
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e, 1,5 Power Functions

i) Y =a +DbN + cNI'S
Y = 44,6240 + 1.4629N = 0.0003N " >neeensarsnses (186)
R = 0.93315, RZ = 0.87, n = 360
Variable T-value Probability Level
N 21.8715 0.001
w3 J1m.1289 0.001
i) Y =a +bN + cN'*P + dp
Y = 38.2584 + 1,4629N - o.ooosml's + 0.2387P....(187)
"R =0,93971, R = 0,88, n = 360
Variablé T-value Probability lLevel
N 22,9582 0.001
N3 -14,8310 0.001
P 6.1121 0.001
iii) Y =a + bN + et & anp
Y = 44,6240 + 1,3987N - 0.0003N1f5 + 0,0024NP, .. (188)
R = 0.94292, R = 0,89, n = 360
Variable T-value érobability Level
N 22,3389 0.001
Nc® 15,2305 0.001
NP 7.6704 0.001
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d. Cobb-Douglas Functions

i; Y = aNb
Log ¥ = Log a + b Log N
Log ¥ = Log 3.7760 + 0.1256 Log Nuveoesoseosessassss(189)
R = 0.89346, RZ = 0.80, n = 360
Variable T-value Probability Level
Log N 37.6383 0.001
ii) Y = aN"eC
Log Y = Log a +b Log N + ¢ Log f
Log Y = Log 3.7265 + 0.1256 Log N + 0,010l Log P....(190)
R = 0.89695, RZ = 0.80, n = 360
Variable T-value Probability Level
Log N 38,1825 0.001
Log P 3.3805 0.001

1962, 1963, 1964, 1966, 1967, 1969 & 1970, NON-SOIL TEST YEARS

1. (Py05 =0, Ky0 =0, N variable)

a. Quadratic Function

Y =a +bN+cN2
Y = 71,5989 + 0,9850N -~ 0.0029N2...................(191)
R = 0.76854, RZ = 0,59, n = 330
Variable T-value . Probability level
N 13,8016 0.001
2

N - 8.5447 0.001




b.

C.

Log

Log

Sqﬁare Root Function

Y =a +bN+cNe?
Y = 67.u§50 - 0.1651N + B.6229 0'5..........;......(192)
R = 0,77098, R? = 0,59, n = 330
Variable | T-value Probabiiity Level
N ~2.4471 0.025
g '8.7595 0,001

1.5 Power Function

Y =a + bN + ch's
Y = 69,9314 + 1.4410N = 0.0722N "% 1eerururvanonees (193)
R = 0,77195, R = 0.60, n = 330
Variable T-value Probability Level
N 12.0675 0.001
N3 - 8.8444 0.001

Cobb-Douglas Function

Y = an®
Y=1loga +b Log ¥
Y = Log 4.1468 + 0,1646 Log N.;....................(19&)
R = 0.79552, R = 0.63, n = 330
Variable T-value Probgbility Level
Log N 23,7773 0.001
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2. P,05 = 40, R20.= 0, N variable)

b.

C.

Quadratic Function
Y=a+ BN + ch
Y = 73,1454 + 1.0888N = 0.0032N% cesessessnennanans (195)
R = 0.79120, R? = 0.63, n = 330 | -
Variable T-value Probability Level
N 14, 7844 0.001
N2 - 9.1072 0.001
Square Recot Function
Y =a +bN + cNO*3
Y = 69,4101 - 0.1539N + 9.1436N0" . ureeeseennnns.(196)
R = 0.78927, R? = 0.62, n = 330
Variable T-value Probability Level
N -2.1903 0.05
N0+ 8.9230 0.001
1.5 Power Function
Y =a +bN+eN" |
Y = 71.5309 + 1,5772N - 0.0785N1'5.........,.......(197)
R = 0,79320, R? = 0,63, n = 330
Variable T-value Probability Level
N 12.7703 0.001
N3 - 9.2969 0.001
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d. Cobb-Douglas Function
Y = aNb
log ¥ =loga +b Log N
Log Y = Log 4.1699 + 0,1728 LOE Newesesorasensssssnsass(198)
R = 0.80302, RZ = 0.64, n = 330
Variable T-value Probability Level
Log N 24,4037 0.001

3. (P,05 = 40, Kp0 = 40, N variable)

b.

Quadratic Function

v 2

a + bN + ¢N

Y = 72.4722 + 1.0957N -

H

R = 0,80327, R? = 0.65,

#

Variable T-value

‘...“'......‘....-(199)

Probability Level

I 15.4310

N2 - 9,5168

0.001

10,001

Square Root Function

Y =a +bN+cn’? |
Y = 69,1321 - O.1442N + 9.0268N0° 5, 0 seseensannnssss (200)
R = 0,79883, R = 0,64,
Variable T-value Probability Level
N -2,1170 0.05
N5 9,0856 0.001




¢. 1.5 Power Funetion

Y =a +bN+cN1°5
Y = 70,9421 + 1,5819N - 0.0787N1'5...........}.....(201)
R = 0,80466, B> = 0.65, n = 330
Variable T-value Probability Level
N 13,2706 0.001
phed - 9.6551 0,001

d. Cobb-Douglas Function

¥ = aNb
Log Y = Log a + b Log N
Log ¥ = Log 4.1812 + 0,1700 LOg Nevesvocesoscosonseeessas(202)
R = 0.82004, RZ = 0,67, n = 330 '
Variable T-value Probability Level
Log N 25,9500 0.001

4. (P,05 = 40, K,0 = 40, N variable)
3. Quadratic Functions
i) Y =a + bN + cN?

72-“‘055 + 1;0565“ - 0.0031“2....-.--.-.--.-(203)

Y =

R = 0,78470, R? = 0.62, n = 990

Variable T-value Probability Level
N 25.1857 | 0.001
N2 -15,5451 0.001
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a*bﬂi'ch*dP

ii) Y = |
Y = 67.4238 + 1.0565N - 0.003IN° + 0.1868P.. ... (204)
R = 0.78945, RZ = 0.62, n = 990
Variable T-value Probability Level
N 25,4217 0.001
N2 -15.6908 0.001
P 4.4252 0.001
iii) Y =a +bN + cN? + dNP
Y = 72,4055 + 1.0127N - 0.0031N> + 0,0016NP....(205)
R = 0.79008, RZ = 0.62, n = 990
Variable T-value Probability Level
N 23,8117 0.001
N2 -15.7117 0,001
NP 4,7189 0.001

b. Square Root Functions

i)

Y =a +bN+cN0'5
Y = 68.6790 - 0.1SUUN + 8.93118%°5. .0 vuessssss (206)
R = 0.78331, R? = 0,61, n = 990
Variable T-value Probability Level
N -3,8636 0.001
83 15.3208 0.001
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ii)

iii)

iv)

163

Y =a +bN +cN"> + qp
Y = 63.6973 - 0.1544N + 8.9311N"° + 0.1B68P. ... (207)
R = 0.78807, B2 = 0.62, n = 990
Variable T-value Probability Level
N -3.8996 0.001
N3 15.4635 0.001
P 4, 4124 0.001
Y =a +bN + cNC"2 + g2
Y = 69.7558 + 0.5177N + 4.21978°-5 - 0,0018N2. .. (208)
R = 0,78723, R® = 0,62, n = 990
Variable T-value Probability Level
N 2.9962 0.005
33,2132 0.005
N2 -3.9965 0.001
Y =a +bN + cN2 + aN0+5 4+ enp

Y = 64,7741 + 0.5177N + 4,2197N°*> + 0,0018N2 +

0.1868?..-&0!na.t.i.l-.---.---tq.ollqll'.l.ii(zog)

R = 0.79197, R® = 0.63, n = 990

Variable T-value Probability Level
N 3.0246 0.005
-3 3.2437 | 0.005
N2 -4.0343 0.001

NP 4.4465 0.001
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c. 1.5 Power Functions

i) Y=a +bN +cN">
Y = 70,6845 + 1,5157N = 0,0003N ">, .. 0visess.s(210)
R = 0.78695, R% = 0,62, n = 990
Variable T-value Probability Level
N 21,9019 0.001
N .15.9094 0.001
ii) Y =a +bN + NS 4 gp
Y = 65.7027 + 1,5157N - o.ooosml‘s + 0,1868P...(211)
R = 0,79169, R% = 0.63, n = 990
Variable T-value Probability Levei
N 22,1092 0.001
N3 _16.0600 0.001
P U4, 4462 0.001
£4i) Y =a + bN + oN'*? + gnp.
Y = 70,6845 + 1.4718N - o.oooanlfs + 0.0016NP. .. (212)
R = 0,79233, R? = 0.63, n = 990
Variable T-value frobability Level
N 21.3059 0.001
N3 _16.0816 0.001

NP 4, 7414 ‘ 0.001
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d. Cobb-Douglas Functions

i) v = aNb
Log 'Y = log a +b Log N
log Y = Log 4.1620 + 0,0951 Log Nuvevevosesasnnssss(213)
R = 0,78664, RZ = 0,62, n = 990 |
Variable T-value Probability Level
Log N 40,0472 0.001
il) Y = aNp®
Log Y =1og a + b log N +¢ Log P
Log Y = Log 4.1254 + 0,0951 Log N + 0.0075 Log P...(214)
R = 0,78958, R% = 0,62, n = 990
 Variable T-value Probability Level
Log N 40,2727 0.001

Log P 3.4867 0,001

1961-1965 *

1 (PZOS =0, K20 = 0, N variable)

a. Quadratic Function

Y =a + bN + ch
Y = 51,0971 + 1,0776N - 0.0031N2.........,.........(215)
R = 0,92148, RZ = 0,85, n = 150
Variable T-value . Probability level
N 17.9340 0.001
N? -10.9088 0.001

*The results obtained here are agreement with those obtained by Yung Liu,
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b, 1.5 Power Function

Y =a +DbN +cN"
Y = 49,7936 + 1.5384N = 0,0756.0000sessceccnncesess(216)
R = 0.92166, RZ = 0,85, n = 150
Variable' | T-value Probability Level
N 15.2181 0.001
gie? -10,9348 0.001

¢c. Cobb-Douglas Function

¥ = aﬁb
Log Y=1og a +b Log N
Log Y = Log 3.8563 + 0.2059 Log Neveosenccecsssonaoanes(217)
R = 0,91576, R® = 0,84, n = 150
Variable T-value Probability Level
Log N 27.7326 0.001

2. (P05 = 40, K,0 = 0, N variable)

a. Quadratic Function

Y =a + bN + ch

Y = 53,2602 + 1,1081N = 0.0032N%..00evereracseassss(218)
R = 0,90838, R® = 0.83, n = 150

Variable T-value | Probability Level

N 16.2996 0.001

N2 - 9,8441 0.001




Log

Log

1.5 Power Function
1.5

b4 a + bN + ¢N

Y

0.90990, R? = 0.83,

u

R

Variable “T-value

51.7144 + 1,5903N - 0,0780N""

n = 150

Lo i riieieenena(219)

Probabiiity Level

N 14,0006

N3 -10.0406

0.001

0.001

Cobb-Douglas Function

Y = an?

Y =Log a +b Log N

Y =

R = 0,90216, R? = 0.81,
Variable T-value

n =150

Log 3.8666 +0.2116 Log N.II.......'..I.'...C‘-(220)

Probability Level

Log N 25,4408

0.001

3. (P,05 = 40, K0 = 40, N variable)

Quadratic Function
2

Y =a + bN + cN |
Y = 53.1129 + 1.0844N - 0.0030ﬁ2...................(221)
R = 0.93043, R? = 0.87, n = 150
Variable T-value Probability Level
N 18,1042 0.001
N2 -10.3973 0.001
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b. 1.5 Power'FUnction

Y =a +bN +cN*?
Y = 52,0082 + 1.SLHIN = 0.0713N'"5uurnrnsnnivnnss.(222)
R =0.,92974, RZ = 0.86, n = 150
Variable T-value Probabiiity Level
N 14,9387 0.001
N3 -10.2811 0.001

¢. Cobb-Deouglas Function

Y = aNb
Log Y =Log a +Db Log N
Log Y = Log 3,9028 + 0,2050 LOg Nuseaveosoosssaeasseesss(223)
R = 0.91409, R? = 0.84, n = 150
Variable T-value Probability Level
Log N 27.4234 0.001

b, (Pzds, K0, N variable)

a, Quadratic Functions

i) Y =a +bN +cN?
Y = 52.4834 + 1,0901N = 0.0031N%. .. everunneesss(228)
R = 0.91804, R? = 0.84, n = 450
Variable T-value Probability Level
N 29,8569 0.001

N2 -17.7811 0.001
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ii) Y =a +bN + cN? + P |
Y = 49,4101 + 1.0901N - 0,0031N% + 0.1152P.....(225)
R = 0.91989, R2 = 0.85, n = 450
Variable T-value Probability Level
N 30.1510 0.001
N’ 17,9562 0.001
P 3,1380 0.005
iii) Y =a + bN + cN? + dNP
Y = 52,4834 + 1.0632N - 0,0031N° + 0.0010NP....(226)
R = 0.92011, R® = 0,85, n = 450
Variable T-value ?tobability Level
N 28,7370 0.001
N2 -17,9797 0.001
NP 3.3230 0,001
Square Root Functions
i) Y =a +bN+ e’ |
Y = 50.0761-0.0781N + 8.3215N°>, .. uiuinenenen(227)
R = 0.90926, R? = 0.83, n = 450
Variable T-value Probability level
N -2.1451 0.05
3 156675 0.001
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1) Y =a +bN + e’ + dp
Y = 47,0029 - 0,078LN + 8.32158°°> + 0.1152P.... (228)
R = 0.91112, R? = 0.83, n = 450
Varisable T-value Probability Level
N -2.1640 0.05
3 15,8057 0.001
P 2.9861 0.005

¢, 1.5 Power Functions

i) Y =a + bN + eN'*?
Y = 51,0657 + 1.5297N = 0.0003N "2, euvnnsnnenenaena(229)
R = 0,91832, B® = 0.84, n = 450
Variable T-value Probability Level
N 25.3215 0.001
N3 ~17.8500 0,001
ii) Y=a +bN +cN*? + gp .
Y = 47,9925 + 1,5297N - 0.00038'*3 + 0,1152....(230)
R = 0.92016, R = 0.85, n = 450
Variable T-value frobability Level
N 25,5718 0.001
N3 _1s.0264 0.001

P 3.1432 ' 0.005
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{ii) Y =a « bN ¢ cN'"> + dNP
Y = 51.0657 + 1,5029N - 0.0003N1'5 + 0.0010NP....(231)
R =0,92038, R? = 0.85, n = 450 |
Variable T-value Probability Level
‘N 24.9302 0.001
at*3  _18.0501 10.001
NP 3.3284 0.001

d. Cobb-Douglas Function

1) Y = an’
log Y = Log a +b Log N
Log Y = Log 3.8737 + 0.1162 Log Nuvvevevsoonvsoevenas(232)
R = 0.88602, RZ = 0,79, n = 450 |
Variable T-value Probability Level
L&g N 40,4473 0.001

ii) ¥ = an°e®

Log Y =Loga +b Log N + ¢ Log P

Log Y = Log 3.8485 + 0,1162 Log N + 0,0051 Log P.....(233)

2

R = 0,88706, R* = 0.79, n = 450

Variable T-value Probability Level

Log N 40.5773 0.001

Log P 1.9709 0.05




1966-1970

1. (Py05 =0, K,0 =0, N variable)

Quadratic Function

Y = a + bN + cN?
Y = 71.4787 + 0.9551N = 0.0028N%4vunneerennnnennns (234)
R = 0.74549, RZ = 0,56, n = 300
Variable T-value Probability Level
N 11.9201 0.001
N2 - 7.1945 0.001
b. 1.5 Power Function
Y =a +bN +cn'?
Y = 69.8331 + 1.3905N - 0,0686N " 0 rsureeeeessensss (235)
R = 0.74893, R? = 0,56, n = 300 |
Variable T-value Probability level
N 10,3640 0.001
N3 -~ 7.4735 0.001
¢. Cobb-Douglas Function
Y = anP
Log ¥ = Ldg a +b Log Y
Log ¥ = Log 4.1335 + 0.1656 Log Neueevrneososnansoneess(236)
R = 0.77869, R% = 0,61, n = 300
Variable T-value Probability Level
Log N 21,4252 0.001
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2.

(P,05 = 40, K,0 = 0, N variable)
8. Quadratic Function
Y =a + bﬁ + ch
Y = 71,6717 + 1.1182N = 0.0032N% . usvenuvernnennnss (237)
R = 0,81111, R? = 0,66, n = 300
Variable T-value Probability Level
N 14,6101 0.001
n? - 8.7209 0.001
b. 1.5 Power Function
Y =a +bN+eN*>
Y = 70.2872 + 1.5908N - 0,0772N *>. i ueeernnnreensa(238)
R = 0.81159, R% = 0.66, n = 300
Variable T-value Probability Level
N 12,3559 0.001
N3 - 8.7695 0.001
c;.. Cobb-Douglas Function
Y = aNb
Log ¥ = Log a + b Log N
Log ¥ = Log 4,1586 + 0,1780 LOZ Neeessvovosssesaovssass(239)
R = 0,80816, R2 = 0,65, n = 300
Variable T-value Probability Level
Log N 23,6874 0.001
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3- (P205 = uo'

b.

Log

Log

Ko0 = 40, N variable)

Quadratic Function

174

Y = a +bN + cN°
Y = 71.7472 + 1,0844N - 0.003032......,............(2u0)
R = 0.80564, R? = 0,65, n = 300
Variable T-value Probability Level
N 13.9574 0.001
N2 - 8,1183 0.001

1.5 Power Function

Y =a +bN+cN1'5
Y = 70,4173 + 1,5323N = 0.0731N "2 trvevnrnnunse.. (281)
R = 0.80618, RZ = 0.65,
Variable T-value Probability level
N 11,7257 0.001
N3 - 8,1746 0.001

Cobb-Douglas Function

Y =-aNb

Y =Log a +b Log N

Y = Log 4.1664 + 00,1749
R = 0,80884, R? = 0,65,
Variable T-value

'...'...ll..l...'...l(zuz)

Probability Level

Log N 23,7450

0.001
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4, P205 = 40, sz = 40, N variable)

a. Quadratic Functions

i) Y=a +bN + ch
Y = 71.6326 + 1.0526N ~ 0.0030N2..00ernsenensas(283)
R = 0.78325, B2 = 0.6], n = 900
Variable T-value Probability Level
N 22,9388 0.001
N2 ~13.6183 | 0.001

i) Y =a + bN + cN2 + dP

65.1430 + 1.0526N - 0.0030N2 + 0,2434P,.,..(244)

Y =

R = 0,79071, R? = 0,63, n = 900

Variqble T-value Probability Level
N 23, 28214 0.001
N2 -13.8223 0,001
P 5.2990 0.001

iii) Y = a + bN + eN® + dNP

Y = 71.6326 + 0.9921N - 0.0030N> + 0,0023NP,...(245)

R = 0.79273, B2 = 0.63, n = 900

Variable T-value Probability Level
N 21.5081 0.001
N2 .13.8819 0.001

NP 6.0049 0.001




b. Square Root Function

i

ii)

iii)

Y = a‘+ bN + cﬁo's
Y = 68.3928 - 0.0983N + B.51378°">, ... .. uuu.. (246)
R = 0,78039, RZ = 0,61, n = 900
. Variable T-value Prubabiiity Level
N -2.2425 0.025
ad 13.1559 0.001
Y =a +bN + cN’*2 + gp

Y = 61.9033 - 0.0983N + 8.4137N°> + 0.2434P.., (247)
R = 0,78788, BRZ = 0.62, n = 900
Variable T-value Probability Level

N -2,2757 0.025

05 13,3506 0,001

P 5.2677 0,001
Y =a +bN + oNZ + dN°"°
Y = 69.5623 + 0.6316N + 3.2969N7 - 0.00208° . .. (248)
R = 0.78468, RZ = 0.62, n = 900
Variable T-value .Probability Level

N 3.3339 0.001

N 2.2897 0.025

0.5

N -3.9585 ' 0.001
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iv)

1.5

i

ii)

Y

=a +DbN + N> + an0*> + ep

Y = 63.0727 + 0.63L6N + 3.2969N°*> - 0.0020N° +
002U38Pe s eersnennerensossnencesassnsneeness(249)

R = 0,79213, RZ = 0.63, n = 900
Variable T-value Probability Level

N 3,3841 0.001

N+ 3 2.3242 0.025

N2 -4,0182 0.001

P 5.3120 0,001

Power Function

Y =a +bN +cn'?
Y = 70,0697 + 1.4875N = 0.0003N " urevruasennss (250)
R = 0.78465, R% = 0.62, n = 900
Variable T-value Probability Level‘
N 19.6152 0.001
N2 _13.8u45 0.001
Y =a +bN+cN'> +dp
Y = 63,5801 + 1,4875N - 0.0003N"‘> + 0.2434P. .. (251)
R = 0.79210, R® = 0.63, n = 900
Variable T-value Probability Level
N 19,9109 0.001
N3 14,0532 0.001
P 5,3147 0.001

177



178

1115 Y =a + bN + ch'S + dNP
Y = 70.0697 + 1.4270N - 0.0003N**°> + 0.0023NP....(252)
R = 6.79u13, R? = 0.63, n = 900
Variable T-value Probability Level
N 19,0120 0.001
b -14,1141 0.001
NP 6.0228 0,001

Cobb-Douglas Functions

8Nb

]

i)

Log Y = Log a + b Log N

n

Log ¥ = Log 4.1518 + 0.0967 Log Neveecevoronnnasesess(253)

R =0,77492, R2 = 0,60, n = 900
Variable T-value Probability Level
log N 36,7404 0.001
i) ¥ = an®p®
Log Y =1loga +b Llog N +c Log P
Log ¥ = Log 4.1042 + 0.0967 Log N + 0,0097 Log P.....{(254)
R = 0.77963, BZ = 0.61, n = 900
Variable T-value ‘Probability Level
Log N 37.0611 | 0,001

Log P 4,0921 ' 0.001




1961-70

1. (P05 =0, K0 =0, N variable)

a. Quadratic Function
Y =a + bN + cN?
Y = 64.6849 + 0.9960N = 0.0029N%+ennnnsnenesnensns (255)
R = 0.78845, R% = 0.62, n = 450
Variable T-value Probability Level
N 16.8091 0.001
N’ -10.1739 0.001
b. Square Root Function
Y =a + bN + cN0‘5
Y = 61.0897 - 0.1277N + 8.32218°° suuurrennnn. (256)
R = 0,78803, R2 = 0.62, n = 450
Variable _ T-value Probability Level
N -2.2673 0.025
% 10.1266 0.001
¢. 1.5 Power Function
Y =a + bN + ch.S
Y = 63.1533 + 1.4398N - 0,0709N'"% cuuuuirunnnnnn.s(257)
R = 0.79085, R? = 0,63, n = 450
Variable T -value Probability Level
N 14.5010 0.001
N3 ~10. 4434 0.001
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c. Cobb-Douglas Function

¥ = aNb
Log ¥ =Log a +b log N
Llog Y = Log'u.oull 4 0,1790 Log Newwssssssmansesessosee258)
R = 0.81726, R? = 0.67, n = 450
Variable T-value Probability Level
Log N 30,0174 0.001

2. (P05 = 40, K,0 = 0, N variable)
a. Quadratic Function
Y = a +bN + N

65.5279 ¢ 1.1148N = 0.0032N% cuuenenceocssansss(259)

Y =

R = 0.81906, R? = 0.67, n = 450

Variable T-value Probability Level
N 18,5269 0.001
Nz -11.1020 0.001

b. 1.5 Power Function

Y_--‘_a + bN + ch'S
Y = 64,0962 + 1.5906N = 0.0032N% vsvvreensseosenass(260)
R = 0.81983, RZ = 0.67, n = 450
Variable T-value Probability Level
N ' 15,7261 ' " 0.001
§H4B -11.2003 0.001
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c. Cdbb—Dougias Function

X = aNb
Log Y = Log ﬁ +b Log N
Log Y = Log 4.0613 + 0,1892 Log Nuveeeevosovscsoncansnaanes{261)
R = 0.82610, R? = 0.68, n = 450
Variable T-value Probability Leval
Log N 31.0282 0.001

3. (P,0, = 40, K,0 = 40, N variable)

a. Quadratic Function

Y = a + bN + N2
Y = 65.5358 + 1.0844N = 0.0030N2s00esuveereeeesesesass(262)
R = 0,82499, R® = 0.68, n = 450
Variable T-value Probability Level
N 18.3037 0.001
32

-10.6015 0,001

b. 1.5 Power Function

Y =a + bN + ch.S

1.5

Y = 64,2810 + 1.5262N - 0,0725N R &%)
R = 0.82515, R% = 0.68, n = 450
Varigble T-value Probability Level

N 15,3031 ' 0.001

N1'5 -10.6234 0.001
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¢c. Cobb-Douglas Function

Y = aNb
Log Y = Log a +b Log N
‘Log Y = Log 4.0785 + 0,1850 LOg Nevsssoesossecsarsnsasa264)
R = 0.83204, R = 0.69, n = 450 |
Variable T-value Probability Level
Log N 31.7480 0.001

4, (P05 = 40, Ky0 = 40, N variable)

a., Quadratic Functions

i) Y =a +DbN +cN®

Y = 65,2495 + 1,0651N = 0.0030N%4sueeesnseenses(265)
R = 0.80737, R% = 0.65, n = 1350
Variable T ~value Probability Level
N 30.5635 0.001
N -18,1644 | 0.001
i) Y =a +bN +cN? + dP
Y = 59.8987 + 1.0651N - 0.0030N + 0.2007P.....(266)
R = 0,81249, R% = 0.66, n = 1350
Vériable T-value Probability Level
N 30,9232 0.001
N -18.3781 0.001

P 5.7350 0,001
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2

iii) Y =a + bN + cN

= + dNP
Y = 65.2495 + 1,0158N - 0.0030N> + 0.0018NP,...(267)
R = 0,81373, R> = 0.66, n = 1350
Variable T-value Probability Level
N 28,8677 0.001
N> -18,4329 0.001

NP 6,4123 0,001
b. Square Root Function
i) Y =a +bN + cNO-5

Y = 62'2873 - OIOQIGN + 8.3830N0.5-00D'¢n00r000(268)

R = 0,80278, RZ = 0.64, n = 1350

Variable T-value Probability Level

N -2,7375 0.01

' “0.5 17.1781 0;001
ii) Y=a+bN+cN0'5+dP

Y = 56,9365 - 0.0916N + B.SBBONO'S + 0.2007P,...(269)
R = 0.80793, R% = 0.65, n = 1350
Variable T~value _ Probability Level

N -2.7690 0.01

N0°5 17.3759 0,001

P 3.6736 0.001




iii)

iv)

1.5

i)

184

a + bN + cN2 + aNO+>

Y =
Y = 63.6045 + 0.7306N + 2.6198N°"° - 0,0022N2,,..(270)
R = 0.80828, RZ = 0.65, n = 1350
Variﬁble T-value Probability Level
N 5.0746 0.001
N2 2.3943 0.025
N3 _s.8674 0.001
Y =a +bN +ceN0:S + gN? + eP

Y = 58,2537 + 0.7306N + 2,6198N°° - 0,0022N2 +

0.20078, ¢ 0unes

R = 0,81340, R? =

--nnuooottu-------.ont|Oloao-u.(271)

0.66, n = 1350

Variable T-value Probability Level
N 5.1346 0.001
W3 24226 0.025
N’ -5.9367 0.001
P 5.7453 0.001
Power Function
Y =a +bN + cnted
Y = 63.7350 + 1.5016N - 0,0003N >, . \vvrvnernsaa(272)
R = 0,80840, RZ = 0.65, n = 1350
Variable T-value : Probability Level
N 26.0616 0.001
N+ _18.3867 0.001




1.5
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il) Y=2a +bN +cN " + gP
Y = 58.3842 + 1.5016N - 0.0003N!*5 + 0.2007P....(273)
R = 0.81352, RZ = 0,66, n = 1350
Vﬁriable T-value Probability Level
N 26.3699 0.001
N3 18,6042 0.001
P 5.7492 0.001
iii) Y = a + bN + cN!'*> + aNP
Y = 63.7350 + 1.4523N - 0.0003N!*> + 0.0018NP....(274)
R = 0,81476, RZ = 0,66, n = 1350
Variable T-value Probability Level
N 25.3514 0.001
N3 -18.6599 0.001
NP 6.4283 0.001
Cobb-Douglas Function
i) Y = and
Log Y = Log a + b Log N
Log Y = Log 4.0591 + 0.1032 Log Nuvevsosevsonaosenns (275)
R = 0,80162, RZ = 0.64, n = 1350
Variagble T-value Probability level
Log N 49.2310 0.001




ii). Y = aNPp®
Log ¥ = Lpg 8 +blog N+c Log P
Log Y = Log 4.0190 + 0,1032 Log N + 0,0082 Log P....(276)
R = 0.80467, R% = 0.65, n = 1350
Varigble T-value Probabiiity Level
Log N 49,5528 0.001
LogrP 4,3216 0.001
iii) Y = aNPk®
log Y=Log a +b Log N + ¢ Log K
Log Y = Log 4.0489 + 0,1032 Log N + 0,0041 Log K....(277)
R = 0.80241, R% = 0.64, n = 1350
Variable T-value Probability Level
Log N 49.3000 0.001
Log K 2.1858 0.05

A. PREDICTED EQUATICNS FOR GRAIN SORGHUM

1961

1. (P05 =0, K20

it

0, N variable)

a. Y =a +bN + ch
Y = 34,2514 + 0,4957N = 0,0016N2. . c0vsecnnsesssonnss(278)
R = 0,94802, R? = 0.90, n = 30
Variable T-value Probability Level
N 11.0889 0.001
N2 - 7.6153 0.001
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b, Sqﬁare Roct Function

a8 + bN + cNO'S

Y =
_ ' 05 _
Y - 31-5029 - 0-1595N + 5.01’4’0 ......I'l..l.....(27g)
R = 0.96277, R? = 0.93, n = 30
Variable T-value Probability Level
N -4.4198 0.001
N0-3 9.5271 0.01

c. Cobb-Douglas Function

Y = anP
Log Y =Log a +b Log N
Log Y = Log 3.4U482 + 0.1563 Log N vvuseeenresneccasesss (280)
R = 0.96061, R% = 0.92, n = 30
Variable T-value Probability Level
Log N - 18,2902 0,001

2. (P205 = 40, Ko0 = 0, N variable)

a. Quadratic Function

Y =a +bN + cN?
Y = 38.0693 + 0,4083N = 0.0013N2. .0 uueereennsenees (281)
R = 0.93614, R® = 0.88, n = 30
Variable T-value Probability Level
N 9.2863 | 0.001
2

N -6.0387 0.001
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b. Square Root Function

Y =a +bN + N0
Y = 35,5275 - 0.114IN + 4.084780% 5. 0 vvvununncenne. . (282)
R = 0.95664, RZ = 0.92, n = 30
Variable T-value Probability Level
N -3.2977 0.005
N0+ 3 8.0935 0.001

c. Cobb-Douglas Function

Y = an?
Log Y = Log a + b Log N
Tog ¥ = Tog 3.5528 * 0:1332 log Missaisisannaisni i swensh283)
R = 0.93950, RZ = 0,88, n = 30 |
Variable T-value Probability Level
Log N - 14,5126 0.001

3. (P205 = ’-I-O, [(20 = 40, N Vﬂriable)

a. Quadratic Function

Y = a + bN + cN2
Y = 35,9907 + 0,5016N - o.oo17ﬁ2...................(234)
R = 0.89870, R? = 0.81, n = 30
Variable T-value Probability Level
N 7.8681 : 0.001
2

N -5.5408 0.001




b. Sqﬁare Root Function

a + bN + eN0+3

Y =
Y = 33.1535 = 0,1778N + 5.196000°5.0uuensnssiensn..(285)
R = 0,91400, R? = 0.84, n = 30
Variable T-value Probabiiity Level

N -3.1732 0.005

NO-3 6.3577 0.001

¢. Cobb-Douglas Function

Y = aNb
Log Y = Log a + b Log N
Log Y = Log 3.4358 + 0,1634 Log Muesevovonsnsscnassesss (286)
R =0.85531, R?2 = 0,73, n = 30
Variable T-value Prbbability Level
Log N 8.7351 0.001

4. (P,05, K0, N variable)

a. Quadratic Function

Y =a + bN + ch ‘
Y = 36,1038 + 0.4685N = 0.0015N%cueennnseennssnsss(287)
R = 0.92350, RZ = 0.85, n = 90
Variable T-value Probability Level
N 15.9602 0.001
N? 10,8911 0.001

189



b.

Log

Log

Square Root Function

Y=a +bN+ N0+
Y = 33.3946 — 0.1504N + B 764980 2 uuneesernsesesss (288)
R = 0,94035, R? = 0.88, n = 90
Variable T-value Probability Level
N -6.0826 0.001
NC-3 13.2065 0.001

1.5 Power Function

Y =a + bN + cN'3
Y = 35,0643 + 0,7052N = 0.0001N 5.\ uureerennnnenss(289)
R = 0.93249, R?2 = 0.87, n = 90 |
Variable T-value Probability Level
N 15,3931 0.001
05 -12.0384 0.001

~ Cobb-Douglas Function

Y = aNb
Y =Llog a +b Log R
Y = Log 3.4650 + 0.0863 LOE Neuerrevsonoronersesaes(290)
R = 0.90265, R? = 0,81, n = 90
Variable T-value Probability Level
Log N 19.6744 0,001
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1. (P05 =0, Ky0

a.

C.

Log

Log

0, N variable)

Y =a +bN + cN?
Y = 50.6764 + 0.3497N = 0.0011N.curesennenensnssss (291)
R = 0.92680, R2 = 0,86, n =30
Variable T-value Probability Level
N 8.8175 0.001
N2 -5.8529 0.001
Square Root Function
Y =a +bN +cN0*?
Y = 48.6950 - 0.100IN + 3.4657R0° 5. ivvenirennnn..(292)
R = 0,94220, R? = 0,89, n = 30
Variable T-value Probability Level
N . -2.9782 0.01
N0 5 7.0682 0.001
Cobb-Douglas Function
Y = aN?
Y =I1og a +b Log N
Y = Log 3.8753 + 0.0900 LOg Nueveereeoerernensesanes(293)
R = 0.92887, RZ = 0,86, n = 30
Variable T-value : Probability Level

Log N 13,2691 0.001
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2. (05 = 40,

Log

Log

bi = 0, N variable)

Quadratic Function
Y =a +bN + cN?
Y = 53,4250 + 0.3504N = 0,0012N%4.susvennnnnnnens.o (254)
R = 0.90484, RZ = 0.82, n = 30
Variable T-value Probability Level
N 8.0848 0.001
N? -5.6512 0.001
Square Root Function
Y=a +bN + cNO‘F
Y = 50.8590 - 0.1378N + 3.864ON*2...iuiiinninen.s.(295)
R = 0.93928, RZ = 0.88, n = 30
Variable T-value Probability Level
N -4.1528 0.001
e 7.9833 0.001
Cobb-Douglas Function

Y = aNb

Y =log a +b Log N

Y = Log 3,9283 + 00,0839 LOZ Neversvennsososscsosees(206)
R = 0.93895, RZ = 0.88, n = 30 |

Variable T-value ' Probability Level

Log N 14,4409 0,001
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3. (P,05 = 40, Ky0 = 40 N variable)

8.

Log

Log

Quadratic Function

Y =a +bN + N
Y = 54,0800 + 0.3666N = 0.0012N%, .0 euusaronsnesaes(297)
R = 0.88321, RZ = 0,78, n = 30
Variable T-value Probability Level
N 7.1805 0.001
N -5.0283 0.001

Square Root Function

a + bN + cND'S

Y =
Y = 51.8228 - 0,1328N + 3.862000°, cuvrnsensennrsns (298)
R = 0.90377, R? = 0,82, n = 30
Variable T-value Probability Level
N -2.9993 0.01
N0+ 5 5.9810 0.001

Cobb-Douglas Function

Y = anP

Y =Log a +b Log N

Y = Log 3.9377 + 0.0862 Log Neuvevsvnsronnoenreonnss(299)
R = 0.89514, R> = 0.80, n = 30

Variable T-value - Probability Level

Log N 10.6252 0.001
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L, (ons, Kzo, N variable)

a. Quadratic Functions

i) Y =43 + bN + en?
Y = 52,7271 + 0.3556N = 0.0012N%.esrersnnesess(300)
R = 0.89628, R2 = 0.80, n = 90
Variable T-value Probability Level
N 13.5305 0.001
N’ - 9.3075 0.001
i) Y =a +bN + cN2 + dP |
Y = 50.9660 + 0,3556N - 0.0012N° + 0.0660P.....(301)
R = 0,90396, RZ = 0.82, n = 90
Variable T-value Probability Level
N 13.9521 0.001
N - 9,5975 0.001

P 2.5509 0.025

b. Square Root Functions

i) Y=a +bN +cN0*
Y = 50.4590 - 0.1236N + 3.730980 5.0 enssss.. (302)
R = 0,91909, RZ2 = 0.84, n = 90
Variable T-value | Probability Level
N -5,5705 ' 0.001
N0+ 3 11.5300 0.001
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i) ¥ =a +bN + O+ +ap
Y = 48.6979 - 0.1236N + 3.7309N°°° + 0.0660P....(303)
" R = 0.,92659, R = 0.86, n = 90
Variable T-value Probability Level
N -5.8029 ' 0.001
3 12.0112 0.001
P 2.9004 0.01
1.5 Power Function
i) Y =a +bN + cN*?
Y = 51.8873 + 0.5393N = 0.0001N *>eeunreunnnnn. (304)
R = 0,90681, R° = 0.82, n = 90
Variable T-value Probability Level
N 13.0255 ‘ 0.001
N2 -10.2557 0.001
ii) Y=a +bN +cN"° « ap
Y = 50.1262 + 0.5393N - 0.0001N' "> + 0.0660P. ...(305)
R = 0.91440, R%Z = 0.84, n = 90
Variable T-value Probability Level
N 13.4860 0.001
Nl's -10.6183 0,001

P 2.6946 0.01
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d. Cobb-Douglas Functions

i) ¥ =an’
log Y=1oga+b Log N
Log Y = Log 3.9064 + 0.0495 Log Neseeoseoooosvenses (306)
R = 0,90828, RZ = 0,82, n = 90
Variable T-value Probability Level
Log N 20,3662 0.001
ii) ¥ = anPee
Log ¥ = Log a *+b Log N +c Log P
Log Y = Log 3.8807 + 0,0495 Log N + 0.0052 Log P....(307)
R = 0.91440, R? = 0.84, n = 90
Variable T-value Probability Level
Log N 20,9275 0.001
Log P 2.4327 0.025

1963

[

1, (P205 =0, qu = 0, N variable)

8. Quadratic Function

Y = a + bN +.cN?
Y = 47.1879 + 0.4288N - 0.0015N2, . ivrruecaranaaness(308)
R = 0.93562, R = 0.86, n = 30
Variable T-value Probability Level
N 10.3803 0.001
N2 - 7.4257 0.001




b. Square Root Function

Y =a + bN + cNO'5
Y = 45,7304 - 0.1323N + 4.071880 2.t vrvurineensnsns (309)
R = 0.92436, RZ = 0.85, n = 30
Varigble T-value Probability Level
N  -3.1207 0.005
03 6.5818 0.001

e. Cobb-Douglas Function

Y = aN®
log ¥ = Log a + b Log N
Log Y = Log 3.8284 + 0,0982 LOog Nuvucesvesvonsacenonnnse(310)
R = 0.92876, R? = 0.86, n = 30 |
Variable T-value Probability Level
Log N 13.2580 0.001

2. (P,05 = 40, K,0 =0, N variable)

a. Quadratic Function

Y =a +bN + oN? -

51,8400 + 0.3100N -

Y

0.89636, RZ = 0,80,

R

Variable T-value

0.0009N200.'D‘.l.'.i".l.l.(sll)
n =230

Probability Level

N 6. 4460

N2 -3.8611

0.001

0.005
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b. Cobb-Douglas Function

Y = aNb
Log Y = Log a +b Log N
Log Y = Log 3.9068 + 0.0837 Log Nueveseescoescoascsseesns(312)
R = 0.89636, B% = 0.80, n = 30
Variable T-value Probability Level
Log N 10.4158 0.001

i (P205 = 40, K0 = 40, N variable)

a. Quadratic Function

Y =a +bN + N
Y = 49,3321 + 0,3844N = 0.0012N2, .. evieeoeeesensss(313)
R = 0.91191, R® = 0.83, n = 30
Variable T-value Probability Level
N 7.7811 0.001
N° -5.0771 0.001

b. Square Root Function

Y =a + bN + cNO'S

Y= h7.5093'- U;ObZSN + 3.6057N0'S.................(314)
R = 0.91859, R? = 0,84, n = 30

Variable T-value Probability Level

N -2.0“72 0.05

N0+ 5 5.4695 0.001
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¢. Cobb-Douglas Function

X = aﬂb
Log Y = Log a +b Log N
Log ¥ = Log 3.8499 + 0.0987 LOg Neveeveoeoonsonsanasses(3L5)
R = 0.91937, R? = 0.85, n = 30
Variable | T-value Probability Level
Log N 12.3663 0.001

4., .(P,05, K,0, N variable)

a. Quadratic Function

Y =a + bN + cN?
Y = 49.4533 + 0.3704N = 0,0012N%1uuevsencesonnasss (316)
R = 0.90964, R% = 0.83, n = 90
Variable T-value Probability Level
N 13,9934 0.001
N2 " 9.?599 0,001

b. Square Root Function

Y=a + bN + -:N-g"5

Y5 47,9538 « 0,088IN + 3.4297N0 2 unenneeeernonnnsss(317)
R= 0.90946, R° = 0.83, n = 90
Variable T-value Probability Level

N -3.4615 0.005

N0+ 5 9.2422 0.001




¢. 1.5 Power Function

Y =a + bN + ch's
Y = 48,7768 + 0,5502N - 0,0001N1*%, .. \vururinsns.a(318)
R = 0,91379, R® = 0,84, n = 90
Variable T-value Probability Level
N 12,6884 0.001
N3 - 9.6780 "~ 0.001

d. Cobb-Douglas Function

Y= aNb
Log Y = Log a + b Log N
Log Y = Log 3.8588 + 0.0527 LOE Neveraeenriveeesseennns(319)
R = 0.89285, R? = 0.80, n = 90
Variable T-value Probability Llevel
Log N 18.5982 0.001

1964

1., (Py05 =0, K0 =0, N variable)

a. Quadratic Function

Y =a + bN + cﬂz _
Y = 29.236] + 0.5399N = 0.0016N %0 ennnnsnnnesenss(320)
R = 0.89420, R? = 0,80, n = 60
Variable T-value Probability Level
N 9. 5409 0,001
2
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b. Cobb-Douglas Function

¥ -= aNb
Log Y = Log a +b Log N
Log Y = Log 3.3012 + 0,1876 LOE Nuceesssaeecsesansannsal32l)
R = 0,89561, R? = 0,80, n = 60
Variable T-value Probability Level
Log N 15.3331 0.001

2, .(P205 = 40, K20 = 0, N variable)

a. Quadratic Function

v 2

a + bN + ¢N
2

n

Y 32-15“3 +0.5228N- 0.0015N ......;..l..ll.'.‘.(322)

0.88109, R? = 0,77, n = 60

R

Variable T-value Probability level

N 8.7729 . 0,001

N2 05,3230 0.001

b. Cobb-Douglas Function

Y = anP

Log Y = Log a + b Log N

Log Y = Log 3.3617 + 0.1822 Log Neveessossuosoosacsncse(323)
R = 0.87088, RZ = 0.76, n = 60
Variable T-value Probability Level

Log N 13,4947 0.001
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3. (P05 = 40, Kp0 = 40, N variable)

a. Quadratic Function

Y = a + bN + cN?
Y = 32,7154 + 0.5555N = 0.0017N%.00eurneneneneesese(326)
R = 0.89903, R? = 0,81, n = 30
Variable - T-value Probability Level
N 10,3837 0.001
N - 6.7402 0.001

b. Cobb-Douglas Function

Y = anP
log Y = Log a + b Log N
Log Y = Log 3.4309 + 0.1698 Log Nuseoseancssssosoonnass(325)
R = 0.89406, R? = 0,80, n = 60
Variable T-value Probability Level
Log N : 15.2001 0.001

4, (PZOS' K50, N variable)

a. Quadratic Function

i) Y =a +bN + N
Y = 31,3686 + 0.5394N - 0.0016N%eeueennennen..(326)
R = 0,88878, RZ = 0.79, n = 180
Variable T-value Probability Level
N 16.5507 0.001

N2 -10.3375 0.001
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ii) Y =a + bN + ch + dP
Y = 29.5669 + 0.5394N - 0,0016N2 + 0.0676P.....(327)
R = 0.89156, R2 = 0,79, n = 180
Variable T-value Probability Level
N 16.7015 0.001
N2 -10.4317 0.001
P 2.0593 0.05

b. Square Root Function

i) Y=a+bN+ceNd
Y = 29,9247 - 0,0724N + 4.4038N°'5.............(323)
R = 0.88088, R% = 0,78, n = 180
Variable T-value Probability Level
N -2.2650 0.05
NO.5 9.4415 0.001
ii) Y=a+bN+nN05+qp
Y = 28,1231 - 0.0724N + 4.4038N°"> + 0.0676P. ... (329)
R = 0.88368, RZ = 0,78, n = 180
Variable T-value Probability Level
N -2.2839 0.025
=P 9.5204 0.001

P 1.9925 0.05




c. 1.5 Power Functions
1.5
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i) Y =a +bN +cN°
Y = 30,5839 + 0.7705N - 0.00028%3,..........s. (330)
R = 0.88986, RZ = 0.79, n = 180
Variable T-value Probability Level
N 14.3293 0.001
N3 -10.4628 0.001
£i) Y =a +bN + cNL*3 + gp
Y = 28,7822 + 0,7705N - 0,0002N'*> + 0,0676P,...(331)
R = 0,89263, R2 = 0,80, n = 180
Variable T-value Probabiiity Level
N 14,4615 0.001
N3 10,5593 0.001
P 2.0690 0.05

d. Cobb-Douglas Functibn

Y = aNb

Log Y = Log a + b Log-N

Log Y =
R = 0.86271, RZ = 0,74, n
Variable T-value

Log 3'3618 +0'1009 Log N....l..ll.l.‘.l‘..l.l‘(332)

Probability Level

Log N 22.7610

0.001
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1965
1. (P05 =0, K0 =0, N variable)

a. Quadratic Function

Y = a + bN + cN?
Y = 21,8971 + 0.4815N = 0.0015N%uussseserocnnssens(333)
R = 0.86740, R? = 0.75, n = 60
Variable T-value Probability Level
N 8.7165 0.001
N2 -5.6020 0.001

b. Cobb-Douglas Function

Y = an®
Log Y = Log a + b Log N
Log Y = Log 2.9394 + 0,219]1 Log Nueeeesosoanavaonsennea(334)
R = 0,.83361, R = 0.69, n = 60
Variable T-vélue Probability Level
Log N 11,4939 0.001

2. (P05 = 40, K30 =0, N variable)

a. Quadratic Function

Y = a + bN + eN?

Y = 20,9342 + 0.5240N = 0.0015N% seuuunssssencnsess(335)
R = 0.91646, RZ = 0.84, n = 60

Variable T-value Probability Level

N 10,8226 0.001

N2 - 6.6932 0.001
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b. Square Root Function

Y = an®
log Y = Log a +b Log N
Log Y = Log 2.8035 + 0.2626 LOog Neveessossssssssnnasass(336)
R = 0.89249, R? = 0.80, n = 60
Variable | T-value Probability Level
Log N 14,9384 0.001

3. "(P,05 = 40, K,0 = 40, N variable)
a. Quadratic Function

Y

a + bN + c¢cN

21.8173 + 0.5300N = 0.0016N%: s rnrnnennensnann. (337)

Y

R = 0.91707, R?2 = 0.84, n = 60

Variable T-value Probability Level

N 11,3870 0.001

2

N - 7.1756 0.001

b. Cobb-Douglas Function

Y = anP

Log Y = Log a + b Log N

Log Y = Log 2.9644.+ 0,2266 LOE Neassssvassosssssssnses(338)
R = 0.86325, R = 0,75, n = 60
Variagble T-value Probability Level

Log N 13.0244 0.001




<+

4. (P,05, K0, N variable)

a. Quadratic Function

i) Y =a +DbN +cN

ii)

Lii)

2
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21.5768 +0.5112N - 0.0015N2..‘l.l"'.ll..l(339)

Y =
R = 0.89828, R? = 0,81, n = 180
Uvﬁriable T-value Probability Level
N 17.6606 0.001
N2 -11.1529 0.001
Y =a + bN + cN2 + dP
Y = 19.8685 + 0.5112N - 0.0015N% + 0.0641P.....(340)
R = 0.90116, R% = 0.81, n = 180
_Variable T-value Probability Level
N 17.8516 0.001
N2 -11.2735 0.001
P 2.2022 0.05
Y =a +bN + cN? + dNP
Y = 21,5768 + 0.4942N - 0.0015N% + 0,0006NF. ... (341)
R = 0.90246, RZ = 0.81, n = 180
Variagble T-value Probability level
N 16.9479 0.001
N2 -11,3448 0.001
NP 2.6729 0.01
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b. Square Root Function

i) Y =a +DbN + cNO*3

Y = 20,2291 - 0.0740N + 4.2042N°"3, .. 0vvuvesas (302)
R = 0.88941, R2 = 0.79, n = 180
Variable T-value Probability Level
N -2.5880 0,025
3 10,0752 0.001
ii) Y=a +bN +ch0 «qp
Y = 18.5207 - 0.0740N + 4,2042N°"> + 0,0641P, ... (343)
R = 0.8923], R? = 0,79, n = 180
Variable T-value Probabiiitx_level
N -2.6133 0.01
-3 10,1736 0.001
P 2.1147 0.05
iii) Y =a + bN + cN’ + dNP
Y = 20,2291 - 0,0910N + 4,2042N°*> + 0.0006NP, ... (344)
R = 0.89363, R? = 0,80, n = 180
Variable T-value Probability Level
N ~3.1466 0.001
NO-5 10,2329 0,001

NP 2.5655 0.01




C.

1.5 Power Functions

i)

ii)

iii)
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Y=a +bN+cN">
Y = 20,8326 + 0.7322N - 0.0001N1'5.............(345)
R = 0,89928, R? = 0,81, n = 180
Variable T-value Probability Level
N 15.3335 0.001
N3 11,2795 0.001
Y =a +bN + N3 4 gp
Y = 19.1243 + 0.7322N - 0,0001N'*> + 0,0641P. ... (346)
R = 0,90216, R? = 0.81, n = 180
Variable T-value Probability Level
N 15.5013 0.001
N+ .11,4033 0.001
P 2.2128 0.05
Y = a + bN + cN° + dNP
Y = 20,8326 - 0.0001N'*5 + 0.0006NP. +.sessssss . (347)
R = 0.90346, R? = 0.82, n = 180
Variable T-value Probability Level
N 15.1009 0.001
" -11.4762 0.001
NP 2,6860 0.01




d. Cobb-Douglas Function
Y = aNb
Log ¥ = Log a +b log N
Log Y = Log 2.8987 + 0,1326 LOE Necessoosncssoossssesss (348)
R = 0.84584, RZ = 0.72, n = 180
Variable T-value Probability Level
Log N 21,1554 0,001

1966

1. (P205'= 0, K,0 = 0, N variable)

Quadratic Function

Y =a +bDbN + ch

Y = 40,8932 + 0.4BL3N = 0.0018N%4ueensennensnenss (349)
R = 0.87055, RZ = 0.76, n = 60
Variagble T-value Probability Level

N  10.9510 0.001

N’ - 8.3674 0.001

Square Root. Function

Y =a +bN + e
Y = 38.5539 - 0,2084N + 5.1H05N°" . eureennnennnnss (350)
R = 0,87356, R = 0.76, n = 60
Variable T-value Probability Level
N -5.0466 0.001
103 8.5338 0.001
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¢. Cobb-Douglas Function

Y = aNb
Log Y =Llog a +b Log N
log ¥ = Log 3,6638 # 0.1174 Log Nesenorussssrencensssselddl])
R = 0,88064, RZ = 0,78, n = 60
Variéble : T-value Probability Level
Log N 14,1554 ' 0.001

2. (P,05 = 40, K20 = 0, N variable)

a. Quadratic Function

Y =a + bN + ch
Y = 40,5871 + 0.4690N = 0.0015N% e eneivsnnnnnnssass(352)
R = 0.90632, R? = 0,82, n = 60
Variable T-value Probability Level
N 10.9409 0,001
2

N - 7.1550 0.001

b. Square Root Function

Y =a +bN +cN0+3
Y = 37,7555 = 0.131UN + Hu672300 2 ureneernnneessss(353)
R = 0,92461, R% = 0.85, n = 60
Variable T-value Probability Level
N -3.5812 0.001
N0+ 5 8.7266 0.001
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c. Cobb-Douglas Function

Y = aﬂb
log Y=1og a +b Log N
Log Y = Log 3.6199 + 0.1382 Log Mivevsesvoncessacassses (354)
R = 0,93292, R? = 0,87, n = 60
Vari#ble T-value Probability level
Log N 19,7310 0.001

3. (Py05 = 40, K50 = 40, N variable)

a. Quadratic Function

Y = a + bN + N2
Y = 42,3868 + O.4934N - 0,0018N s seeseseeserassnsss(355)
R = 0.89608, RZ = 0.80, n = 60
Variable T-value Probability Level
N © 12.4521 0.001
N? - 9.4886 0.001

b. Square Root Function

Y =a + bN .+ ch’F
Y = 394462 - 0,2274N + 5.8956N0" 2, uurernnsnnssnn (356)
R =0,91545, R = 0.84, n = 60
Variable T-value Probability Level
N -6.6653 0.001
O+ 3 11.0402  0.001
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c. Cobb-Douglas Function

Y = an’
Log Y = Log a +b Log N
Log Y = Log 3.6883 + 0.1199 LOE Neweevessonanvennensnos(357)
R = 0,91726, B? = 0,84, n = 60
Variﬁble ' T-value Probability Level
Log N 17.5396 0.001

y, '(P205, K;0, N variable)

a. Quadratic Function

i) Y =a +DbN + ch
Y = 41,2890 + O,4812N = 0.0017N%0suuunrennsess.(358)
R = 0,88176, RZ = 0,78, n = 60
Variable T-value Probability Level
N 19,1520 0.001
N2 -13.9350 0.001
ii) Y =a + bN + cN% + dp
Y = 39,6607 +0.4812N - 0.0017N% + 0.0611P.....(359)
R = 0,88583, RZ = 0.78, n = 180
Variable T-value Probability Level
N 19,4143 . 0.001
N’ ~14.1258 0.001

P 2.4252 0.025
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2
a + bN + ¢cN + dNP

iii) Y =
Y = 41.2890 + 0.4647N - 0.0017N2 + 0.0006NP. ... (360)
R = 0.88785, R® = 0.79, n = 180
Variable T-value Probability Level
N 18,4524 0.001
N2 -14.2449 0,001
NP 2,9935 0.005

b. Square Root Functions

i) Y =a +bN +cN0°?
Y = 38.5852 - 0,189IN + 5,1028K " euvvuvesensns (361)
R = 0.89633, R = 0.80, n = 180
Variable T-value Probgbility Level
N -8.4285 0.001
N+ 15,5919 0.001
1) Y=a +bN+cN0*3 ¢ ap
Y = 36,9569 - 0.189LN + 5,1028X °° + 0.0611P. ... (362)
R = 0,90034, R? = 0.81, n = 180
Variable T-value Probability Level
N -8.5628 0,001
N3 15,8604 0.001

P 2,5858 0.01




iii)

1.5

i

ii)

Y =a +bN+cN'> + dNP
Y = 38.5852 - 0.2055N + 5.1028N°*3 + 0.0006NP. .. (363)
R = 0.90233, RZ = 0,81, n = 180
Variable T-value Probability Level
N -9,1472 0.001
M3 13,9925 0,001
NP 3.1954 0.005

Power Functions

Y=a +DbN + ch’S
Y = 40,2034 + 0.7373N - 0.0002N'°2, 1 0uuusiansnss (364)
R = 0.89166, R2 = 0.80, n = 180
Variable T-value Probability Level

N 18.4476 0.001

N3 -15.0330 0.001
Y=a+bN+cN-3 +qgp
Y = 38.5751 + 0.7373N - 0.0002N'*5 + 0.0611P....(365)
R = 0.89569, RZ = 0.80, n = 180
Variable T-value Probability Level

N 18.7271 0.001

N3 15,2608 0.001

P 2,5306 : 0.025
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{ii) Y =a + bN ¢ cN'*> + dNP
Y = 40.2034 + 0.7208N - 0.0002N°> + 0,0006NP. ... (366)
R = 0.89769, R2 = 0.80, n = 180
Variable T-value Probability Level
N 18,3113 0.001
N3 15,4010 0.001
NP 3.1260 0.005

Cobb-Douglas Functions

i) ¥ = aN®
Log ¥ = Log a + Log N
Log Y = LOE 3.6440 + 0,0719 Log Nuveeoeesoseeessees (367)
R = 0.90668, RZ = 0.82, n = 180
Variable T-value Probability level
Log N 28.6765 0.001
ii) Y = anPpe
log Y =Loga +b Log N + ¢ Log P
Log Y = Log 3.6202 + 0.0719 Log N + 0.0048 Log P....(368)
R = 0.90918, RZ = 0.83, n = 180
Variable T-value Probability Level
Log N 28.9681 0.001

Log P 2.1537 0.05




1. (P05 =0, K0 = 0, N variable)

C.

Log

Log

Quadratic Function
Y =a +DbN + ch
Y = 39,6543 4 0.5250N = 0.0019N%++rnnnsnnssnnsns (369
R = 0.85239, R? = 0,73, n = 60
Varisble T-value Probability Level
N 9.6582 0.001
N -7.1319 0.001
Square Root Function
Y =a +bN + cNO+3
Y = 36.7685 - 0,2141N + 5,6031N80°%. .0 0euvrennenans (370)
R = 0.86485, R% = 0.75, n = 60
Variable Ihvaiue Probability Level
N S -B.3184 0.001
N0+ 7.7u73 0.001
Cobb-Douglas Function

Y = aNb
Y = Log a +b Log N
YzLog 3.6180 "'0-13431.!05 NO“...IOOl.l"l.l.i..'(syl)

2

R = 0.89596, R° = 0,80, n = 60

Variable T-value Probgbility Level

Log N 15.3634 0.001
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2. (P05 =40, K0 =0, N variable)

a. Quadratic Function

Y = a + bN + oN°
Y = 42,5886 + 0.5586 ~ 0.0010N%eessuerorennnneeenes(372)
R = 0.93601, R? = 0.88, n = 60
Variable - T-value Probability Level
N 14.9591 0,001
N -10.6041 0.001

b. Square Root Function
Y =a +bN + N+
Y = 39!2353 - 0.2079“ + SOQOOSND.SUOIQCIIOCI.......{3-73)

R = 0.95619, R% = 0,91, n = 60

Variable T-value Probability Level
N -7.0479 0,001
0.5

N 13.7089 0.001

¢. GCobb-Douglas Function

Y = aNb

log Y = Log a +b Log N

log ¥ = Log 3.6717 + 0.1426 Log Nuvevessaosesocosvraass (374)
R = 0.95115, RZ = 0,90, n = 60
Variable -T-value Probability Level

Log N 23.4637 0,001




3.

8.

(P,05 = 40, Ky0 = 40, N variable)

Quadratic Function

Y =a +bN + o
Y = 53.2700 + 0,5627N = 0.0020N%.susnreasnenansess (375)
R = 0,93996, RZ = 0.88, n = 60
Variéble T-value Probability Level
N . 15.9027 0.001
N -11.5078 0.001
Square Root Function
Y =a +bN+cN0e?
Y = 40,6956 - 0.1884N + 5.500280°% ... 00tivunenones(376)
R = 0.93275, R? = 0,87, n = 60
Variable T-value Probability Level
N -5.3054 0.001
03 0.001

10.6180

Cobb~Douglas Function

Y = anP
Log Y =log a + b Log N
Log Y = Log 3,7137 # 0,1320 LOE Bewewenssonnnnnnssssweak32l)
R = 0.93531, R? = 0.87, n = 60
Variable T-value Probability Level
Log N 20,1307 0.001
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4, (P,05 = 40, K0 = 40, N variable)

a. Quadratic Functions

i) Y =a + DbN + cN2
Y = 41,6965 + 0.5488N - 0,0019N%......0veusen..(378)
R = 0,89550, R? = 0,80, n = 180
Variable T-value Probability Level
N 20,4613 0,001
N2 -14.8006 0,001
£i) Y =a ¢ bN + cN? + gP
Y = 37,9310 + 0.5488N - 0,0019N° + 0.1412P.....(379)
R =0,91213, R® = 0,83, n = 180
Variable T-value Probability Lével
N 22.1536 0.001
N2 -16.0247 0.001

P 5.,6115 0.001

b, Square Root Functions

a + bN + cN°*3

i) ¥

0.5

38.8998 - 0,2035N + 5.6679N " ..vuisuevaesssf380)

0.90390, R% = 0,82, n = 180

Y

R

Variable T-value Probability Level

N -8,3097 0,001

NO-3 15.8672 0.001
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C.

ii)

iii)

1.5

i)

Y=a +bN +cN3 +gp
Y = 35.1343 - 0.2035 + 5.6679N°*3 + 0,1412P....(381)
R = 0,92038, R? = 0,85, n = 180
Variable T-value Probability Level
N -9,0642 0.001
N0-3 - 17,3079 0,001
P 5,8822 0.001
Y =a +bN0:5 + on? + gP
Y = 35.3821 + 4.2667N°"° - 0.0006N% + 0,1412P...(382)
R = 0.92400, R? = 0.85, n = 180
Variable T-value Probability Level
NO-5 24,2929 0.001
N> - 9.6928 0.001
P 6.0151 0.001
Power Function ;.
Y =a +bN + eN-3
Y = 40,5177 + 0.8360N - 0.0002N'*%.. . uvususses. (383)
R = 0,90397, R = 0.82, n = 180
Variable T-value Probability Level
N 19.5758 0.001
N3 .15.8768 0.001

221



d.
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i1) ¥ =a +bN +cN"> + P
Y = 36,7521 + 0.8360N - 0.0002N1*> + 0,1412P....(384)
R = 0.92045, R® = 0.85, n = 180
Variable T-value Probability Level
N 21,3546 0.001
a5 17,3195 0.001
P 5.8847 0.001

Cobb-Douglas Function

i) Y = anP
Log Y =Llog a +b Log N
Log Y = Log 3,6548 + 0,0780 Log Nesswnasessasnunnss (385)
R = 0,91288, R? = 0,83, n = 180
Variable T-value 'Probability Level
Log N . 29,8355 0.001

ii) Y = an’p®

Log a +b Log N + ¢ Log P

Log Y =
Log Y = Log.-3.5973 + 0.0780 Log N + 0,0117 Log P....(386)
R = 0.92529, R? = 0,91, n = 180
Variable T-value Probability Level
Log N 32,0233 . 0.001
Log P 5.2974 0.001
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iii) v = an’k®
log Y =Loga +b Log N +¢ Log K
Log Y = Log 3.6402 + 0,0780 Log N + 0.0060 Log K....(387)
R = 0.91612, R? = 0.84, n = 180
Variable T-value Probabiliterevel
Log N 30.2945 0,001
Log K - 2.5532 0.025

1968

om—— 1

1. (Py05 = 0, K,0 =0, N variable)

a. Quadratic Function

Y =a + bN + ch
Y = 33,5419 + 0,5553N + 0,0018N%seuusneecccvnennses(388)
R:=70:90742, R? = 0,82, n = 60 -
Variable T-value Probability Level
N 11.7326 0.001
N2 - 8.0879 0.001

b. Square Root Function

Y=a +bN + cNO's
Y = 30,9638 - 0.1667N + 5.613507% 5, esuisnsnsesnss (389
R = 0.91205, R? = 0.83, n = 60
Variable T-value Probability Level
N -3.7998 0.001
-5 8.4585 0.001




¢. Cobb-Douglas Function
Y= aNb
Log ¥ = Log & + b Log N
Log Y = Log 3.4454 + 0,1648 LOZ Neveoesoosassosoaseassass(390)
R = 0.94079, R® = 0.89, n = 60
Variable | T-value Probability Level
Log N 21.1360 0.001

2. "(Po05 = 40, K0 = 0, N variable)

8.

b.

Quadratic Function

Y =a + bN + cN?
Y = 35,9377 + 0.5966N - 0.0020N%.ce0vusesresenonnss(391)
R = 0.92058, R® = 0.85, n = 60
Variable T-value Probability Level
N 12,7473 0.001
N - 8.7539 0.001

Square Root Function

Y =a +bN +cN*
Y = 30,0377 - 0.1515N + 5.4182N° 0 uuuunnneessseas (392)
R = 0.91059, R® = 0.83, n = 60
Variable T-value Probability Level
N -3,2210 0.005
N0+ 3 7.8945 0,001
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¢, Cobb-Douglas Function

Y = aNb
Log ¥ = Log a + b Log N
Log Y = Log 3.5219 + 0.1635 Log Nuusesossosveseocanonss(393)
R = 0.92176, R% = 0.85, n = 60
Variable T-value Ptobability Level
Log N 18,1039 ' 0.001
3. P205 = 40, K,0 = 40, N variable

a. Quadratic Function

Y = a + bN + cN2

Y = 35,6912 + 0.6217N ~ 0.0020N%. 1u.evsaeerennssens (394)
R = 0.94319, R? = 0.89, n = 60 |
Variable T-value Probability Level

N 15.1943 0.001

N2 -10. 3464 0.001

b. Square Root Function

Y =a +bN +eN3

Y = 33.3781 = 0.1614N + 5.7500N°° > eusevensnsessss (395)
R = 0.93882, RZ = 0.88, n = 60

Variable T-value Probability Level

N '-4.0084 0'001

NO- 53 9,7939 0.001
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c. Cobb-Douglas Function

Y = aNP
Log Y = Log a +b Log N
Log Y = Log 3.5113 + 00,1710 LOg Neseseeoesconcsosesssnss(396)
R = 0.95025, B2 = 0.90, n = 60
Variable T-value Probability Level
Log N 23.2341 0.001

4. (P,05, K 0, N variable)

a. Quadratic Functions

i) Y=a +#bN + en?
Y = 35.0570 + 0.5912N = 0.0019N2..ussursssnsses(397)
R = 0,91357, RZ = 0,83, n = 180
Variable T-value Probability Level
N 21,3610 0.001
N> _14.6433 0.001
ii) Y=a +bN+ eNZ + gP
Y = 31.5330 + 0.5912N - 0.0019N% + 0.1321P.....(398)
R = 0.92480, RZ = 0,86, n = 180
Variable T-value Probability Level
N 22,7689 0,001
N -15.6085 . 0.001

P 5.0101 0.001
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b. Square Root Functions

a +bN + eNO*2

i) ¥

Y = 32.7932 - 0,1599N + 5.5279N0'5.............(399)

R = 0.91014, RZ = 0.83, n = 180
Variable T-value Probability Level
N -5.9696 0.001
N0+ 5 14.1485 | 0.001
ii) Y=a +dN + N0+ 4 gp
Y = 29.2692 - 0.1599N + 5.5279N°+5 + 0.1321P....(400)
R = 0.92141, R? = 0.85, n = 180
Variable T-value Probability Level
N -6.3463 0.001
3 15,0420 0.001
P 4.9054 0,001
iii) Y =a + bN + cN0:3 + gn2
Y = 33,4841 + 0,2714N + 2.5048N°"° - 0.0012N%,...(401)
R = 0.91779, R% = 0.84, n = 180
Varigble T-value Probability Level
N 2.4199 0.025
NC.5 2.9387 0.005
N2 -3.9510 0.001




iv)

v)

1.5

i

Y =a +bN +cN> + diC"> + ep

Y = 20,9602 + 02714 + 2.5048805 - 0.001282
0u1321P: s nnneranesascascearocanenneanssans(402)

R = 0,92897, RZ = 0,86, n = 180

Variable T-value Probability Level

N 2,5885 0.025
NC+5 3.1434 0.005
N2 -4.2262 0.001
P 5.1349 0.001
Y =a +bN +cN0+5 + aN% + eNP
Y = 33.4841 + 0,2428N + 2.5048N°"° - 0,0012N° +
0.0011NPecaresnnvsncacnassanssasscnsanseses(403)
R = 0.92858, R = 0.86, n = 180

Variable T-value Probability Level

N 2.3064 0,025
N3 3.13% 0.005
N2 st 0.001
NP 5.0314 0.001

Power Functions

228

Y =a +DbN + enl+3 ;
Y = 33,9923 + 0,8762N - 0.0002N1'5.........-...(40&)
R = 0.91758, R? = 0.84, n = 180 |
Variable T-value Probability Level

N 19,5410 0.001

nled ~15.2520 0.001
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ii) Y =a +bN + cNl*3 + gp

Y = 30.4693 + 0.8762N - 0,0002N'*> + 0.1321P....(405)
R = 0.92876, R% = 0.86, n = 180
Variable T-value Probability Level

N 20,8993 0.001

N3 16,3114 0.001

P 5,1423 0.001

d. Cobb-Douglas Functions

i) Y= aNb
Log Y = Log a + b Log N
Log Y = Log 3.4827 + 0,0945 Log Nevevesoossnenssnse(B06)
R = 0,91930, R? = 0,85, n = 180
Variable T-value Probability Level
Log N 31.1645 0.001
ii) ¥ = anPpe
Log Y = Log a +b Log N + ¢ Log P
Log Y = Log.3.4290 + 0,.0945 Log N + 0,0109 Log P....(407)
R = 0,92678, R% = 0,86, n = 180
Variable T-value Probability Level
Log N 32,5627 . 0,001

Log P 4,1629 0.01




i1i) Y = anPk®
Log Y = Log a +b Log N + ¢ Log K
Log Y = Log 3.4647 + 0.0945 Log N + 0.0073 Log K....(408)
R = 0,92266, R = 0,85, n = 180
Variable T-value Probability Level
Log N 31.7177 0.001
Log K 2,7157 0.01

1969

1. (P,05 =0, K30 = 0, N variable)

a. Quadratic Function

Y=a + bN + ch
Y = 40,7371 + 0,341IN = 0,0013N%eceeuueesennnncnass(409)
R = 0.76875, RZ = 0.59, n = 60
Variable T-value Probability Level
N  7.ussu 0.001
N2 57478 0.001

b. Square Root Function

Y =a + bN + cNO's

Y = 38.5505 - 0,1650N + 3.8890N°" 5, .. 0vvuneernnnss. (410)
R = 0.79125, R? = 0.62, n = 60

Variable T-value Probability Level

N -3.9864 0.001

No.3 6, 4414 0.001
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c. Cobb-Douglas Function

¥ = aNb
Log Y = 1log a +b Log N
Log Y = Log 3.6665 + 0.0896 LOg Neveurenseneneaonsonees(tll)
R = 0.81986, RZ = 0.67, n = 60
Vari#ble ' T-value Probability Level
Log N 10.9053 0,001

2. _{P205 = 40, K,0 =0, N variable)

a. Quadratic Function

v 2

a + bN + ¢N

Y = 43.6882 + 0 4120N = 0.0015N2, 0eeuerennenneonons(412)

R

0.89430, R? = 0.80, n = 60

Variable T-value Probability Level

N 11,7657 0.001

2

N L Bolﬁuug 0.001

b. Square Root Function

Y=a +bN+ceN"?

Y = 41,2492 - 0,1704N + 4.4565N0°%, .00 iuuseennnna. (413)
R = 0,91295, R? = 0.83, n = 60

Variable T-value- Probability Level

N -5.6186 0.001

0.5

N 10,0702 0.001
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c. Cobb-Douglas Function

Y = aNb
Log Y = Log a +b Log N
Log ¥ = Log 3.7211 + 0,1060 Log Nucessscvescssanscessess (B414)
R = 0,90951, R? = 0.83, n = 60
Variable T-value Probability Level
Log N 16.6630 0.001

3. .(P205 = 40, K,0 = 40, N variable)

a., Quadratic Function

Y = a + bN + cN?
Y = 40,2354 + 0.4824N - 0.0017N2......;............(415)
R = 0.91730, R? = 0.84, n = 60 |
Variable T-value Probability Level
N 13,7863 0.001
2

N -10,2601 0.001

b. Square Root Function

Y =a + bN + cm‘lc"--5
Y = 37.6155 - 0.2005N + 5.1658N0" % uuuusecescescsss (416)
R = 0.92968, R® = 0.86, n = 60
Variable T-value Probability Level
N -6.5215 0.001

NO-3 11.5156 - 0.001
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c. Cobb-Douglas Function

Y = aNb
Log Y =log a +b Log N
Log Y = Log 3.6423 + 0,1234 Log Nuvessssoassonesaasenas (417)
R = 0,93930, R? = 0,88, n = 60
Variable T-value Probability Level
Log N 20,8498 0.001

4. - (P,05, K20, N variable)
a. Quadratic Functions
i) Y =a +bN + cN?

41,5536 + O, 4119N = 0,0015N%, c0ecvueneeeces (418)

Y =

R = 0.82818, RZ = 0.69, n = 180

Variable . T-value Probability Level
N 15,6733 0,001
N2 -11.}169 0.001

i) Y=a +bN +cN? +dp

Y = 36.9015 + 0,4119% - 0,001582 + 0.1745P.....(419)

R = 0.87275, RZ = 0,76, n = 180

Variable T-value Probability Level
N 17.9430 0,001
N2 ~13.4136 0.001

P -7.4817 0.001




iii)

Y = a + bN + cN° + dNP
Y = 41.5536 + 0,3717N - 0.0015N° + 0,0015NP. ... (420)
R = 0.87682, R? = 0,77, n = 180
Variablé T-value Probability Level
N 16,0438 0,001
N2 -13.6188 0.001
NP 7.9452 0.001

b. Square Root Functions

i)

ii)

a + bN + cND‘S

Y =
Y = 39.1784 - 0.1787N + 4.5038Nq‘5.............(uzl)
R = 0.84482, R? = 0.71, n = 180
Variable T-value Probability Level

N ~7.4970 0.001

N5 12,9552 0.001
Y=a +bN+cN3 4 qgp
Y = 34,4863 - 0,1787N + 4,5038N0"° + 0.1745P. ... (422)
R = 0,88855, RZ = 0,79, n = 180
Variable T-value Probability Level

N -8.7185 0.001

N3 15,0660 0.001

P 7.9609 0.001
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0.5

iii) Y =a + bN + cN "~ + dNP

39,1384 - 0,2188N + R.SOSBNO‘S + 0,00L5NP. .. (423)

Y =
R = 0.89255, R> = 0,80, n = 180
Variable T-value Probability Level
N . -10.5754 0.001
N3 15.3278 0.001
NP 8.4715 0.001
iv) Y =a +bN +cN0+5 + dN + eNP

0.5

Y = 37.1452 - 0.2052N + 4,5038N""" + 0,0747p +

OIDOIONPOl.i.l..o.‘l..l....l..l.ll.........qzu)

R = 0.89502, R = 0.80, n = 180

Variablg T-value Probability Level
N -9.4805 0.001
NO.5 15.4533 0.001
P 1.9735 0.05
NP 3.1881 | 0.001

v) Y=a +bN3 +con? +gp

Y = 34.8079 + 3.24008°"3 - 0.0005N2 + 0.1745P... (425)

R = 0.89040, RZ = 0.79, n = 180

Variable T-value Probability Level
NO. 5 19.9191 - 0.001
N2 - 8.9457 0,001

P 8.02ul 0.001
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vi) Y =23 + bNo’S + ch + dNP
¥ = 39.5695 + 2.94528°"5 - 0.0006N% + 0.001SNP. ... (426)
R = 0.89405, R® = 0.80, n = 180
Variable T-value Probability Level
N> 17.9808 0.001
N’ -10.7559 0.001
NP 8.4962 0.001
¢. 1.5 Power Function
i)Y =a +bN+cN">
Y = 40,5740 + 0.6385N = 0.000IN" "2, 0 0uruvrrrrneeea(827)
R = 0.83958, R? = 0.70, n = 180
Variable T-value Probability Level
N 15.1251 0,001
N3 -12.5506 0.001
{1) Y =a +bN +cNl*5 4 dp
Y = 35.0219 + 0.6385N - 0,000LN'*> + 0.1745P.....(428)
R = 0,88356, R? = 0.78, n = 180
Variable T-value Probability Level
N 17,4954 0.001
N3 L14.5175 0.001
P 7.7990 0.001




d.
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iii) Y = a + bN + cN'*® + aNp
Y = 40,5740 + 0,5983 - 0.0001N**> + 0.0015NP, ... (429)
R = 0.88759, BR% = 0.79, n = 180
Variable T-value Probability Level
N 16.5178 0.001
N5 14,7593 0.001
NP 8.2933 0.001
Cobb-Douglas Functions .
i) Y = aN®
Log Y = log a + b Log N
Log Y = Log 3.6641 + 0.0612 LOE Nuveossarasessasanes(430)
R = 0.86611, R? = 0,75, n = 180
Variable T-value Probability Level
Log N 23,1172 0.001
ii) Y = anPee
Log ¥ = Log a + b Log N + ¢ Log P
Log Y = Log 3.5890 + 0,0612 Log N + 0.0153 Log P....(l31)
R = 0.89834, RZ = 0,81, n . 180
Variable T-value Probability Level
Log N 26,2301 0.001
Log P 7.2226 0.001




iii) Y = an®k®
Llog Y=1loga +b Log N +c Log K
Log Y = Log 3.6482 + 0,0612 Log N + 0.0065 Log K....(432)
R = 0,87200, R® = 0,76, n = 180
Variable T-value Probability Level
Log N 23,5398 0.001
Log K 2.7509 0.01

1970
1. (P05 =0, K,0 =0, N variable)
a. Quadratic Function

Y = a + bN + eN2

Y

R = 0.81150, R? = 0.66, n = 60

Variable T-value

41,9301 + 0.3756N = 0.0012N%. 10 eernncnvonsnanaes(433)

Probability Level

N  7.5858

N2 -5,2521

0.001

0.001

b. Square Root Function

Y =a + bN + eNO+3
Y = 39.6157 - 0.1310N + 3,9244N0°5, .. iiiuunnnnn (4304)
R = 0.83018, RZ = 0.69, n = 180
Variable T-value Probability Level
N -2.9198 0.005
03 5.9943 0.001
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c. Cobb-Douglas Function

Y = aNb
log Y = Log a + b Log N
Log Y = Log 3.6758 + 0,1069 Log Nevvseronsseosseneonses (435)
R = 0.86157, RZ = 0,74, n = 60
Variable T-value Probability Level
Log N 12,9256 0.001

- -(P205 = 40, K,0 =0, N variable)

a. Quadratic Function

Y = a + bN + cN°
Y = 42,6989 + 0.4319N = 0.0013N%.eeureerensennenns(436)
R = 0,90767, RZ = 0.82, n = 60 |
Variable T-value Probability Level
N 10, 7422 0.001
N2 ” 6.5529 0.001

b, Square Root Function

Y =a +bN+eNr?
Y = 41,0417 - 0.0828N + 3,814000°2, ..\ evunrnnnnns. (437)
R = 0.90728, R? = 0,82, n = 180
Variable T-value’ Probability Level
N -2.1633 0.05
0.5

N 6.8325 0.001




c.
Y = aNb
log Y = Log a + b Log N
Log Y = Log 3.7031 + 0.1205 LOE Neveeevnoannsennoaseass(438)
R = 0,91951, R? = 0.85, n = 180
Variable T-value Probability Level
Log N 17.8153 0,001

Cobb-Douglas Function

3. (P05 = 40, K0 = 40, N variable)

Quadratic Function
Y = a + BN + cN?
Y = 42,4801 + 0.4695N - 0.0015N2...................(u39)
R = 0,92486, R> = 0.86, n = 60
Variable T-value Probability Level
N - 12.6868 0.001
N’ - 8.4566 0.001
Square Root Function

Y=a +DbN + N
Y = 40,0006 - 0.1313N + u.SBSSNO'S.................(HQU)
R = 0.93638, R = 0.88, n = 60
Variable T-value Probability Level
N -4,0459 0,001
NO.S 9.6899 0,001

240



241

c. Cobb-Douglas Function

Y = aNb
Log Y = Log a + b Log N
Log Y = Log 3.6859 + 0.1283 LOE Nuvvevesrnoonennaonsens (1)
R = 0.94765, RZ = 0.89, n = 60 '
Variable T-value Probability Level
Log N 22.6018 0.001

4, (P205, K20, N variable)
a. Quadratic Functions
i) Y=a+bN+cN

42.3697 + 0.4257N = 0.0014N%. v s rerveeseass (Uh2)

Y =

R = 0.86440, R> = 0,75, n = 180

Variable T-value ' Probability Level
N 15,7547 0.001
N> -10.4736 0.001

ii) Y =a +bN +cN? + aP

Y = 38.5399 + 0,4257N - 0,0014N° + 0,1436P.. ... (443)

R = 0,88673, R? = 0.79, n % 180

Variable T-value Probability Level.
N 17.0873 0.001
N2 -11.3595 0.001

P = 5.6753 0.001
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iii) Y = a + bN + cN° + NP

Y = 42,3697 + 0,3906N - 0,0014N° + 0,0013NP, ... (444)
R = 0.89173, RZ = 0.80, n = 180
Variqﬁle T-value Probability Level

N 15,6314 0.001

N2 -11.6035 0.001

NP 6.4225 0.001

b. Square Root Functions

i) Y=a +bN +cN"?
Y = 40,2214 - 0.1150N + 4.108180°7, .. .iiiuae.. (405)
R = 0.87319, R2 = 0.76, n = 180
~Variable T-value Probability Level
N ~4.,6235 0.001
2 11,3196 0.001
ii) Y =a +bN +cN° + dP
Y = 36,3916 - 0.1150N + 4,1081N°* + 0,1436P. ... (446)
R = 0.89530, R® = 0.80, n = 180
Variable T-value 'Probability Level
N -5.0444 0.001
NO-5 12,3499 0.001

P 5.8897 : 0.001
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iii) Y =a + dN "~ + dN° + dP
Y = 36.5316 + 3.3160N°°° - 0,0003N% + 0.1436B....(447)
R = 0,89680, B2 = 0,80, n = 180
Variable T-value Probability Level
NO-5 18.3008 0.001
N - 5.3115 0.001
P 5.9300 0.001

C.

1.5 Power Function

i

ii)

Y =3 +# bN + ch.S

Y = 41,4790 + 0.6336N - 0.0001N "5 .unssnnenn... (448)
R = 0,87121, RZ = 0.76, n = 180
Variable T-value Probability Level
N 14,4876 0.001
N3 -11.1247 0.001
Y =a +bN +cNL*2 4 gp .
Y = 37.6492 + 0,6334N - 0.0001N1f5 + 0.1436P. ... (449)
R = 0.89337, R? = 0.80, n = 180
Variable T-value rProbability Level
N 15,7840 0.001
N2 S12.1200 0.001
P  5.8390 0.001




d.
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iii). Y =a+bN+bN+cN"> + anp
Y = 41.4790 + 0.5984N - 0.0001N"*> + 0.0013P.... (450)
R = 0,89834, RZ = 0,81, n = 180
Variable T-value Probability Level
N 15.1136 0.051
N3 12.3962 0.001
NP 6.6163 0.001
Cobb-Douglas Function
) Y =aN®
Log Y = Log a +b Log N
Log Y = Log 3.6816 + 0.0672 Log Nuvvuveereavnaeneneas (451)
R = 0.88459, RZ = 0.78, n = 180
Variable T-value Probability Level
Log N 25,3059 0.001
ii) Y = anPpt
Log Y =Llog a +b log N + ¢ Log P
Log ¥ = Log 3.6238 + 0,0672 Log N + 0.0117 Log P..oo(452)
R = 0,90089, R? = 0.81, n = 180
Variagble T-value Probability Level
Log N 27.1141 0.001

Log P 5.2293 . 0.001
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iii) Y = aN’k®
log Y =loga +b Log N +c Log K
Log Y = Log 3.6640 + 0.0672 Log N + 0.0072 Log K....(453)
R = 0,89071, R? = 0.79, n = 180
Variable T-value Probability Level
Log N 25,8892 0.001
Log K 3.0497 0.005

SOIL TEST YEARS 1961, 1965 & 1968

l. (P05 =0, K0 = 0, N variable)

a. Quadratic Function

Y = a + bN + cN2
Y = 29,0259 + 0.5139N = 0.0017N% uurneerenoennnonos (458)
R = 0.82903, R = 0.69, n = 150
Variablé T-value Probability Level
N 12.5271 0.001
N2 - 8.4102 0.001
b. Square Root Function
Y=g +bN + e\
Y = 27.0058 - 0.128IN + 4786380 e eeerrereesennens (455)
R = 0.82773, R? = 0.69, n = 150
Variable T-value | Probability Level
N -3.2774 0.005
N3 8.3210 0.001




C.

Log

Log

1.5 Power Function

¥ 1,5

a +bN +N

"

Y

R = 0.83317, R? = 0.69,

i}

Variable T-value

n =150

1.5

28,1375 + 0.7685N = 0.0U0BN "~ .uverecronansass (456)

Probability Level

N 11.2495

1.5

N - 8.6965

0.001

0.001

Cobb-Douglas Function

Y = aNb

Y=1oga +b Log N

Y = Log 3.2436 + 0.1848
R = 0.81687, R? = 0.67,
Variable T-value

Log N..

n =150

l.ll9-.-.!.00“..0..(45?)

Probability Level

Log N 17.2284

0.001

2, (P,05 = 40, K0 = 0, N variable)

Quadratic Function

a + bN + ch

Y

Y = 30,6830 + 0,5242N -

R = 0.83447, R? = 0,70,

Variable T-value

0,.0016N

n =150

2

..l...l'..‘l.....ll(’+58>

Probability Level

N 12.3142

N2 - 8.0374

0.001

0.001
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b.

Ce

d.

Log

Log

_Sqﬁare Root Function
Y =a + bN + cNO"2
Y = 28.5063 - 0.1137N + 4748780 50 ersnunsassnen. (459)
R = 0.83480, R? = 0.70, n = 150
Variable T-value Probabiiity Level
N -2.8301 0.005
O3 8.0608 0,001
1.5 Power Function
Y =a +bN + ch'S
Y = 29,7893 + 0.7757N = 0.050INL "5, 0 rnsnsnesnensss (460)
R = 0.83791, R? = 0,70, n = 150
Variable T-value | Probability Level
N 10,9279 0.001
wte3 -~ 8.2861 0,001
Cobb~Douglas Function
Y = aﬂb
Y = log a +b Log N
Y = Log 3.2576 + 0.1935 Log Neeueereerananensnnnsns (861)
R = 0,81338, R = 0.66, n = 150
Variable T-value Probability Level
Log N 16.9525 0.001

247



3.

(P05 = 40,

Ce

Ko0 = 40, N variable)

Quadratic Function

Y =a + bN + cN?
Y = 29.6561 + 0.5706N < 0.0018N%+svervsnsenessnnss(462)
R = 0.83995, R® = 0.71, n = 150
Variable T-value Probability Level
N 13,0903 0.001
N2 ~ 8.7948 0.001

Square Root Function

Y =a + bN + cNO‘S
Y = 27,7586 = 0.1329N + 5.1224N° 2 uurunnnnnneeseess (463)
R = 0.83343, R = 0.69, n = 150
Variable T-value Probability Level
N -3.1511 0.005
w03 8.3273 0.001

1.5 Power Function

Y =a +bN +eN O

H

Y = 28.7873 + 0,8465N -

1]

R = 0,84205, R? = 0.71,

Variable T-value

0. 047N "5 et eeneeans (46)

n = 150

Probability Level

N ' 11,6010

1.5

N - 8.9490

0.001

0.001
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d. Coﬁb-DougIas Function

Y = aNb
Log Y = Log 5 +b Log N
Log ¥ = Log 3.2519 + 0.1971 Log Neveessnsessncnssnsossse (465)
R = 0.82475, RZ = 0.68, n = 150 '
Variable T-value Probability Level
Log N 17.7431 0.001

4, (P,05, Ky0, N variable)

a. Quadratic Functions

i) Y =a + bN + cN?
Y = 29,8743 + 0,5347N - 0.0017N%. . vuuruneesnnss (466)
R = 0.83098, R? = 0,69, n = 450
Variable T-value Probability Level
N 21,7359 0.001
N2 14,4395 0.001
ii) Y =a + bN + cN® + gP |
Y = 27.6629 + 0.5347N - o._omm2 + 0.0829P.,...(467)
R = 0.83556, R2 = 0.70, n = 450
Variable T-value Probability Level
N 21,9841 0.001
N? -14.6043 0.001

P 3.3565 0,001
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iii) Y = a + bN + cN® + dNP |
Y = 29.8743 + 0.5161N - 0.0017N° + 0.0007NP. ... (468)
R = 0.83572, R® = 0.70, n = 450
Variable T-value Probability Level
N 20,7176 £ 0.001
N’ _14, 6109 0,001
NP 34174 0.001

b. Square Root Functions

{) Y =a +bN + N0
Y = 27.8878 ~ 0.1237N + 4.8458N0" 2 0000 vierea.. (469)
R = 0.82830, RZ = 0.69, n = 450
Variable T-value Probability Level
N -5.2540 0.001
0.3 14.1148 0.001
ii) Y=a +bN +cN0-5 + gp
Y = 25,6765 - 0.1237N + 4.8458N°°° + 0.0829P....(470)
R = 0.83289, RZ = 0.69, n = 450 |
Variable T-value 'Probabili:g,Leval
N -5.3131 0.001
03 1u.2738 0,001

P 3.3320 : 0.001
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111) Y =a +bN + cNO*O + NP
Y = 27.8878 - 0.1422N + L4.8458N°"° + 0.0007NE. .. (471)
R = 0.83306, RZ = 0.69, n = 450
Variable T-value Probability Level
N -5.9515 0.001
N0+ 14,2798 0.001
NP 3.3925 0,001
iv) Y =a +bN + cN® + gn0-3
Y = 28,4924 + 0.2537N + 2,2007N°*> - 0.00108%... (472)
R = 0.83434, R? = 0.70, n = 450
Variable T-value Probability Level
N 2.5120 0.01
N2 -3.8389 0,001
N0+ 5 2.8672 0.005
v) Y=a +bN+cN03 + N + ep

0.5

Y = 26.2810 + 0.2537N + 2.20078°*> - 0.00108° +

OQOBZQP..ll.l.'.l.ll..-.ll.ll.ll...l.‘....-.l{‘*?s)

R = 0.83890, R2 = 0,70, n = 450

Variable T—valué Probability Level
N 2.5413 0.025
w23 2.9006 | 0.005
N -3.8836 0.001

P 3.3842 0.001




vi)

1.5

L

ii)

0.5 2

Y=a +bN +cN "~ + JdN° + eNP
Y = 28,4924 + 0.2351N + 2.2007°*5 - 0,0010? +
0u0007NP 4 e s erneeinnesssssennnescensneesnnes (B7H)
R = 0.83906, RZ = 0.70, n = 450
variable  T-value Probability Level
N 2,3528 0.025
203 2.9019 0.005
N2 -3.8854 0,001
NP 3.4457 0.001

Power Functions

Y =a + DN + ch's
Y = 28,9432 + 0.7844N - 0,00028 3, .. vueuues.. (475)
R = 0.83414, R = 0.70, n = 450
_Variable T-value Probability Level
N 19.4055 0.001
N3 14,8265 0.001
Y =a +bN+cN'? + P
Y = 26.7319 + 0.7844N - 0.0002N "> + 0.0829P....(476)
R = 0.83870, R> = 0.70, n = 450
Variable T-value Probability Level
N 19,6314 0.001
NS J14.9991 0.001
P 3.3861 0.001
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a + bN + cnl“s + dNP

iii) Y =
Y = 28.9432 + 0.7658N - 0,002N'*> + 0.0007NP....(477)
R = 0.83886, RZ = 0.70, n = 450
Variable T-value Probability Level
N 19,0028 0.001
y+? -15.0060 0.001
NP 3.4476 0.001
Cobb~Douglas Function
i) ¥ = aNb
Log Y = Log a + b Log N
Log Y = Log 3.2456 + 0,108l Log Nuicesswvsosssnevens (478)
R = 0.80443, RZ = 0.565, n = 450
Variable T-value Probability Level
Log N 28,6622 0.001
ii) Y = anPpC
Log ¥ = Log a +b Log N + ¢ Log P
Log Y = Log 3.2102 + 0.1081 Log N + 0.0072 Log P....(479)
R = 0.80660, R? = 0,65, n = 450
Variable T-value Probability Level
Log N 28,7729 0.001

Log P 2.1134 0.05




NON-SOIL TEST YEARS - 1962, 1963, 1964,1966, 1967, 1969, 1970.

1, (P05 =0, K0 =0, N variable)

8.

b.

Ceo

Quadratic Function
Y = a + bN + cN?
Y = 40,2305 + 0,4420N = 0,0015N seeeneseessconscoss (480)
R = 0,80391, RZ = 0,65, n = 360
Variable T-value Probability Level
N 19,0247 0,001
N2 13,4838 0,001
Square Root Function

Y=a +DbN + cND‘5

o5

Y = 38,0898 ~ 0.1498N + 4,u4442 ccesssossvessesses (481)
R = 0,80926, R> = 0,65,
Variable T=value Probability Level

N ~6.8698 0,001

3 13,9741 0.001

1,5 Power Function

Y =a + bN + cNted
Y = 39,3500 + 0,6778N = 0.0372N1 3. 0evueecccoonanes (482)
R = 0.81097, B> = 0.66,
Variable T-value Probability Lével
N 17,6069 0,001
Nle3 14,1333 0,001
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de Cobb-Douglas Function

X = aNb
Log ¥ = Log a +b Log N
Log Y = Log 3.6295 +0,1216 LOg Neveosoosssocccossscsas (483)
R = 0,82544, R = 0,68, n = 360
Variable T-value Probability Level
Log N 27.6676 0,001

2, (P05 = 40, K;0 =0, N variable)

a, Quadratic Function

Y =a +bN + cN
Y = 42,3916 + 0,4541N = 0,0015N s e0sesooosssssscsss (4BH)
R = 0,86467, R> = 0,75, n = 360
Variable T=-value Probability Level
N 22,4408 0,001
2

‘N - 14,9402 0,001

b, Square Root Function

Y = a + bN + cN0°5

Y = 40,0735 = 0,1242N + ueagsymo.Suaaaooaoooooooo-o(485)
R = 0,87397, R = 0,76, n = 360
Variable T=value Probability Level

N ' =6,6794 ’ 0,001

N 16,2159 0,001
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ce 1,5 Power Function

Y =a +DbN +cN'*>
Y = 51,5256 + 0,6825N =~ 0,0360N >4 0ressosnenssssss(486)
R = 0.87079, RZ = 0,76, n = 360
Variable T-value Probability Level
N 20, 4645 0,001
Nte3 -15,7704 0,001

d. Cobb-Douglas Function

¥ = aNb
Log Y = Log a +b Log N
Log Y = Log 3.6659 + 0,1289 LOg Neveosossavossccessesss(487)
R = 0.86404, RZ = 0,75, n = 360
Variable T-value Probability Level
Log N 32,4749 0.001

3 (P205 = 40, Ko0 = 40, N variable)

a. Quadratie Function

Y =a +bN + cN
Y = 42,0617 + 0.4898N-0.0017N% s eeseorecocscsecsess (488)
R = 0.87608, RZ = 0,77, n = 360
Variable T-value Probability Level
N | 25,3650 0,001
N2 -17.8607 0.001




b.

C.

d.

Log

Log

Square Root Function

39,8247 = 0.1583N + 4. 8HOUNC e eneeencenesess(489)

n = 360

Probability Level

Y=a + bN + cND'5

Y:

R = 0.87910, &% = 0.77,

Variable T=-value
N -8.7276
NO+3 18,2975

0.001

0.001

1.5 Power Function

Y =a +bN + cNl*?

Y = ul.lsll +0.7458N ‘O.OII'OTNI'S..‘.'......’.'..-(490)

R = 0.88205, R? = 0,79,

n = 360

Variable T-value Probability Level
N 23,4688 0.001
N3 -18.7347 0,001

Cobb-Douglas Function

Y = aNP

Y = Log a +b Lag N

Y = Log 3.6758 + 0,1276

R = 0.88416, R? = 0,78,

Variable T-value

ng N.l‘l..l.l....--.'....'.(agl)
n = 360

Probability Level

Log N 35.8089

0.001
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b, (P05, Ky0, N variable)

a. Quadratic Functions

i) Y=a +DbN + cN?
Y = 41,5613 + 0.4620N = 0.0015N 0 sseososeonasas (492)
R = 0,83986; R = 0.71, n = 1080
Variable T -value Probability Level
N 36,7834 0.001
x> 25,4924 0,001
i) Y =a +bN + cN® + dP
Y = 38,7200 + 0,4620N-- 0,0015N% + 0,1065P.,...(493)
R = 0.85114, R = 0,72, n = 1080
Variable T-vai ue Probability Level
N 38,0178 0.001
N ~26.3479 © 0.001
p 8.6313 0.001
iii) Y =a + bN + cN? + dNP
Y = 41,5613 + 0,4384N - 0,0015N? + 0,0009NP. ... (494)
R = 0.85129, RZ = 0,72, n = 1080
Variable T-value Probability Level
N 35.2207 0.001
N? -26.3601 0,001
NP 8.6932 0.001
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b.

iv) ¥

a + bN + cNZ + dP + eNP

= 40,0545 + O.4US6N - 0.0015N° + 0,0565P +

L]
1

DQOOOSNP...'.l.......-..‘..'....'.‘..‘......(“95)

2

R = 0.85230, R* =0.73, n = 1080

Probability Level

Variable T-value
N 34,4267 0.001
N -26.4300 0.001
P 2,5900 0.01
NP 2,7780 0.01

Square Root Functions

i)

ii)

Y=a +bN+ N>
Y = 39,3293 - O.1451N + 4,5611N°°. . 0uuurrunans (496)
R = 0.84585, R? = 0,72, n = 1080
Variable T-value Probability level

N ~12.2888 0.001

e 2.6677 0.001
Y=a+bN+eNd +ap
Y = 36,4881 - 0.144IN + 4.561180°5 + 0.1065P. ... (497)
R = 0.85706, R® = 0,73, n = 1080
Variable T-value Probability Level

N -12,7168 0.001

03 27,5965 0.001

P 8.7940 0.001
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iii)

iv)

v)
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Y =a +DbN + cNO'S + dNP
Y = 39,3293 - 0.1677 + 4.561180"> + 0,0009NP. ... (498)
R = 0.85721, R? = 0,73, n = 1080
Variable T-value Probability Level
N 14, B144 0,001
N0+ 3 27,6099 0.001
NP 8.8573 0.001
Y=a +bN+cN3 + dp + eNP
Y = 37.8226 - 0,1574N + 4,5611N°"> + 0,0565P +

OIOOOSNP...‘.l.....'.............l..'...'...(499)

R = 0,85820, R® = 0,74, n = 1080
Variable T-value Probability Level
N -12.8640 0.001
N0+ 27.6863 0.001
P 2,6392 0.01
NP 2,8308 0.005
Y =a +bN0*5 + oN2 + gpP
Y = 36,6261 + 3,5809N 3 0.0004N2 + 0,1065P, ... (500)
R = 0.85984, RZ = 0,74, n = 1080
Variable T-value: Probability Level
N+> 39,8650 0.001
N ~13,5787 0,001
P 8.8?41 0.001




vi)

vii)

1.5

i)

Y =a +bN"O + cN® + NP
Y = 39,5325 + 3,4055 - 0.0005N2 + 0,0009NP,....(501)
R = 0.86018, RZ = 0,74, n = 1080
‘Variable T-value Probability Level
N3 37.0939 0.001
N -15.2640 0.001
NP 9.0210 0.001
Y=a +bh0"3 + cn? +dp + enp
Y = 38.0610 + 3.4779N - 0.0004N2 + 0,0542P +
0. 0005RP. ssssinsacssncsnssnasesscansanesess(502)
R = 0,86110, R® = 0,74, n = 1080
Variable T-value Probability Level
N0 36,2913 0.001
N -13.7616 0.001
P 2.5625 0.025
NP 3,0048 0.005
Power Functiops
Y =a + bN + ch'S
Y = 40,6150 + 0,6934N = 0,000IN" ">, ... 00unseess(503)
R = 0.84630, R> = 0.72, n = 1080
Variable T-value Probability Level
N 33.9426 0.001
bk -26,7578 0.001
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1.5

ii) Y =a +bN + N2 + gP
Y = 37,7738 + 0.6934N - 0.0001N'"> + 0,1065P. . ... (504)
R =0,85750, RZ = 0,74, n = 1080
Variable T-value Probability Level
N 35,1283 0.001
N3 27,6925 0.001
P 8.8067 0.001
iii) Y =a + bN + cN'*? + gnp
Y = 40.6150 + 0.6698N - 0,000LN'*> + 0.0009NP....(505)

R = 0.85765, RZ = 0.74, n = 1080

Variable T-value Probabil ity Level
N 33,6432 0,001
fe -27.7060 0.001
NP 8.8700 0,001

iv) Y =a +bN +cN'*D + dp + eNP

Y = 39,1082 + 0.6801N - 0.0001N**> + 0.0565P +
0.0005NP s easeossssssssserssosssssnoancasesss(506)

R = 0,85865, RZ = 0,74, n = 1080

Variable T-value Probability Level
N 33.6159 0.001
N5 -27.7829 0.001
P 2.6430 0.01

NP 2.8349 0.005




d.
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Cobb-Douglas Functions
i) Y= aﬂb
Log Y = Log a +b Log N
Log Y = Log 3.6481 + 0.0717 LOg Nueeessosncesencssss(507)
R = 0.84320, R® = 0,71, n = 1080
Variable T-value Probability Level
Log N 51,4970 0,001
ii) ¥ = an’pC
Log Y =Log a +b Log N + ¢ Log P
log Y = Log 3.6035 + 0,0717 Log N + 0.0091 Log P....(508)
R = 0.85140, R® = 0.72, n = 1080
Variable T-value Probability Level
Log N 52.7576 0.001
Log P 7.3772 0.001
iii) v = an’k®
Log Y = Log a +b Log N + ¢ Log K
Log Y = Log 3.6357 + 0,0717 Log N + 0,0051 Log K.....(509)
R = 0,84575, R = 0,72, n = 1080
Variable T-value Probability Level
Log N 51,8614 0.001
Log K 4,0385 0.001




1961-1965

1. (P05 =0, K0 =0, N variable)

b.

Ce

Quadratic Function

Y =a + DN + CNZ

Y = 33,4832 + 0,4739N = 0,0015N%ususeeesseesenesess(510)
R = 0.78639, R = 0.62, n = 210
Variable T-value " Probability Level

N 12.3418 0.001

N - 8.0520 0.001

Square Root Function

Y=a +bN+ cN0'5
Y = 31,8859 = 0,0954N + 4.1602N0° e rveeeeennseesases (511)
R = 0.78204, R? = 0.61, n = 210
Variable T-value Probability Level
N -2,5916 0.001
W03 7.7500 0,001

1,5 Power Function

Y =a +bN +cN*?
Y = 32,7387 + 0,6990N - 0,0362N . .0 0ureunenarenees(512)
R = 0,78892, R? = 0.62, n = 210
Variable T-value Probability Level
N 10,8668 0.001
e - 8,2282 0,001
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d. Cobb-Douglas Function

Y = aNb
log ¥ = Log a + b Log N
Log Y = Log 3.3762 + 0,1654 LOog Noseesseososescsssanses(513)
R = 0,76250, R® = 0,58, n = 210
Variagble . T-vglue Probability Level
Log N 16,9969 0.001

2, (P05 = 40, K,0 =0, N variable)

a. Quadratic Function

Y =a +bN + oN’
Y = 35,9980 + 0,UASAN = 0.0013N 0. eeconeennsennsoss(51E)
R = 0,78752, R? = 0,62, n = 210
Variable T-value Probability Level
N 11.7188 0.001
¥ - 7.3015 0.001

b. Square Root Function

Y =a +bN+ cNO'S
Y = 33,9781 - O;OéOIN + 3.9695N0'5.................(515)
R = 0,79163, R? = 0,63, n = 210 |
Variable T-valﬁe_ Probability Level

N -2.2448 0.025

N0+ 7.6037 0.001
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¢. 1.5 Power Function

Y =a +bN +cN*>
Y = 35.2185 + 0,6531N = 0.0328N1*5,0s0uuserenenonss (516)
R = 0.79118, R = 0,63, n = 210
Variable T-value Probability Level
N 10,2841 0.001
R - 7.5711 0,001

d. Cobb-Douglas Function

Y = aNb
Log Y =log a + b Log N
Log Y = Log 3.4043 + 0,1667 LOg Necsscosososvsssesssasel(517)
R = 0,75496, R? = 0.57, n = 210
Variable T-value Probability Level
Log N 16,5638 0.001

3. (Py05 = 40, K,0 = 40, N variable)

a. Quadratic Function

Y =a +DbN + cN2 ‘
Y = 35,3365 + 0,4918N = 0.0016N% eessasocnsoncnses (518)
R = 0,79387, R® = 0.63, n = 210
Variable T-value Probability Level
N | 12.8541 . 0.001
2

N - 8,4980 0.001




b.

Ce

d.

Log

Log

Square Root Function

Y =a +DbN + c“0.5
Y = 33,7616 - 0,1038N + 4.329480° >, .1 isivanesennnsa(519)
R = 0.78761, R® = 0.62, n = 210
Variable T-value frobabiiity Level
N -2.8196 0.005
N+ 3 8.0583 0.001
1,5 Power Function
Y =a +bN + cN'*°
Y = 34,6081 + 0.7253N - 0.0373u1‘5.................(520)
R = 0,79558, R = 0.63, n = 210
Variable T-value Probability Level
N 11.2974 0.001
N> - 8.6184 0,001
Cobb-Douglas Function

Y = anP
Y =Log a +b Log N
Y = Log 3.4202 + 0,1652 Log Neeeeeennsnnnanaesnnns(521)
R = 0,76245, R® = 0,58, n = 210
Variable T-value Probability Level
Log N 16.9945 0.001
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4. (P05, K0, N variable)

a. Quadratic Functions

i) Y =a +bN +cN
Y = 34,8821 + 0,4714N - 0.0015N2...............(522)
R = 0,78865, R® = 0.62, n = 630
Variable - T-value Probability Level
N 21,3966 - 0,001
N’ -13.8217 0.001
ii) Y = a + bN + cN® + P
Y = 33,4033 + 0,4714N - 0,0015N% + 0,0555P, ... (523)
R = 0,79099, g = 0.63, n = 630
Variagble T-value Probability Level
N 21,4850 ' 0,001
N -13,8788 0,001
P 2.4882 0.025
iii) Y =3 + bN + eN2 + dNP
Y = 33,4033 + 0,4714N - 0.0015N> + 0.0555NP, ... (524)
R = 0.79099, R? = 0,63, n = 630
Variable T-value Probability Level
N 21, 4850 0.001
N’ -13,8788 0,001

NP 2,4882 0,025
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b. Square Root Functions

i) Y=a +DbN+cN>
Y = 33,1593 - 0.0936N + 416318 " uesrrannsenss (525)
R = 0,78669, R? = 0,62, n = 630
Variable T-value Probability Level
N -4, 4527 0.001
8> 13.5809 0,001
£i) Y =a + bN + cN0+5 + gpP
Y = 31.6804 - 0,0936N + 4,1631N°°° + 0,0555P, ... (526)
R = 0.78904, R? = 0.62, n = 630
Variable T-value Probability Level
N -4, 4709 0.001
N°% 13,6364 0.001
P 2,4781 0.025
iii) Y =a +bN + cN’*> + oN?
Y = 33,6693 + 0.2248N + 1,9314K°°° - 0,0009N%, ,. (527)
R = 0.79161, 8% = 0,63, n = 630
Variagble -Thvalue Probability Level
N 2,4788 0.025
W3 2,024 0.01
N? -3.6069 0,001




Ce

iv)r Y

1,5

i)

ii)

270

a + bN + cNU°5 + sz + dP

5

Y = 32,1904 + 0.2248N + 1.9314N°*> - 0.0009N% +

ODOSSSP.Il..!I.D..llll....l.l'.l.ll.!’!‘..licsza)

R = 0,79395, R? = 0.63, n = 630

Variagble T-value Probabiiity Level
N 2,4892 0.025
N3 2,8142 0.005
N ~3.6220 0.001
P 2,5019 0.025

Power Functions
1.5

Y=4a +bN + cN* .
Y = 34,0802 + 0.6857N - 0,000IN "2, veeensonons (529)
R = 0,79137, R? = 0.63, n = 630
Variable T-value Probability Level
N 18.8869 0.001
NS is.s80 0.001
Y =a +bN +cN*> + P
Y = 32,6013 + 0.6857N - 0,0001N'*> + 0,0555P.....(530)
R = 0,79370, R® = 0,63, n = 630
Variable T-value Probability Level
N 18,9660 0.001
N3 14,2173 0,001

P 2.5026 0.025




d. Cobb-Douglas Function
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Y= aNb
Log Y = Log é +b Log N
‘Log Y = Log 3.3930 + 0,0936 Log Newsssavsssssensaneaans(531)
R = 0.74721, R = 0.59, n = 630
Variable T-value Probability Level
Log N 28,1757 0.001
1966-1970
1, (P,0g5 =0, K,0 =0, N variable)
a., Quadratie Function
Y = 5 + bN + ch
Y = 39,3513 + 0,4557N = 0.0018N% 1 useansssonsesesss(532)
R = 0.81863, R® = 0.67, n = 300
Variable T-vglue Probability Level
N 18,9531 0.001
N2 -13,8108 0;001
b. Square Root Function
Y =a + bN + cND'5
Y = 36,8905 = 0.1770N + 479410 1t 0 uuvnnneoneeso(533)
R = 0,82963, R> = 0.69, n = 300
Variable T-value Probability Level
N -7.9742 0.001
S 14,8021 0.001




c., 1.5 Power Function
Y =a +bN+cNO |
Y = 38,3717 + 0.7083N - 0.0396N' 710 .uueeeennrennss (534)
R = 0,82812, R® = 0.69, n = 300 |
Variable  T_value Probability Level
N - 17.9234 0.001
Nl.s -14,6626 0,001
d. Cobb-Douglas Function
Y= aNb
Log Y = Log a +b Log N
Log Y = Log 3.6139 + 0,1226 Log Nivsessosscerssassocacs(535)
R = 0.86247, R? = 0,74, n = 300
Variable T-value Probability Level
Log N 29,4184 0,001

2, (Py0g = 40, K30 =0, N variable)

a.

Quadratic Function

a + bN + ch

Y

Y = 49,7569 + 0,4936N -

0.89391, R? = 0,80,

R

Variable T-value

0.0016N

n = 300

2'.......C.....'I...(ssﬁ)

Probability Level

N 24,5491

N2 ~-16,8201

0.001

0,001
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b,

d.

Log

Log

Square Root Function

Y=a + bN + cﬂo's
Y = 386639 - 0,1488N + 4.8523N " .eusurearnensnsss(537)
R = 0.90158, R = 0.81, n = 300
Variable T-value Probability Level
N -8,0737 0.001
N0+3 18.0441 0.001

1.5 Power Function

Y =a + bN + ch'S
Y = 40,1670 + 0,7470N = 0,0401N *>,0essrsnncoossos (538)
R = 0.90025, R® = 0,81, n = 300
Variable T-value Probability Level
N 22,7130 0.001
N3 -17.8243 0.001

Cobb-Douglas Function

Y = aNb
Y = Log a + b Log N |
Y = Log 3.6476 + 0.1342 Log Nevevosenssasancssacnes(539)
R = 0,91241, R = 0.83, n = 300
Variable T-value Probability level
Log N 38,4840 0.001
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(P,05 = 40,

.

b.

Ce

K,0 = 40, N variable)

Quadratic Function

Y =a + bN + cN2 ,
Y = 40,7281 + 0,5259N = 0.0018N%¢eccccscosossasssss(540)
R = 0,90335, RZ = 0,82, n = 300
Variable T-value Probability Level
N 27.3070 0.001
N’ -=19, 5062 0.001

Square Root Function

Y =a +bN + cNO'S
Y = 38.2284 - 0,1818N + 5.2999N°° 5,10 evununssssnses (541D
R = 0.90807, RZ = 0,82, n = 300
Variable T-value Probability Level
N -10.1759 0.001
W05 20,3353 0.001
1;57Power Function
Y =a + bN + cNbe3
Y = 39,7203 + 0,8057N - o.oauunl‘s.................(suz)
R = 0.91033, R® = 0.83, n = 300
Variable T-value Probability Level
N 25,7412 0.001
nte3 -20.7493 0.001
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d. Cobb-Dougias Function

Y = aNb
Log Y =Log a +b Log N
‘Log ¥ = Log 3.6483 + 0.1349 Log Nuesesessvassnocscsoeans(543)
R = 0,92313, R? = 0.85, n = 300 '
Vvariable T-value | Probability Level
Log N 41,4470 0,001

4. (P05, K50, N variable)

a. Quadratic Functions

i) Y=a +bN + ch

2

Y = 40,3932 + 0,4917N ~ 0,0017N . 0seansnesesss(544)

R = 0,85986, RZ = 0,74, n = 900
Variable T-value Probability Level
‘N 37.5934 0,001
N2 -26,6538 0.001
ii) Y =a + bN + ch + dP |
Y = 36,9132 + 0,4917N - 0,0017N° + 0.1305P, .44 (545)
R = 0,87601, R? = 0,77, n = 900
Variable T-value Probability Level
N 36,6547 0,001
N 28,3688 0.001

P 10,9612 0,001




111) Y =a + bN + cN° + dP + eNP
Y = 38,9263 + 0,4716N - 0,0017N° + 0.0550P +
0.0008NP, . 0eenseeraesassossenssansassosonss(5H6)
R = 0.87850, R2 = 0.77, n = 900
Variable T-value Probability Level
N 35,7756 0.001
N ~28,4512 0.001
P 2.4927 0.025
NP 4.1426 0.001
b. Square Root Functions
i) Y =a +bN + cNO'S
Y = 37,9276 - 0.1692N + 4.9821N°" 20 seransesanes(547)
R = 0.86744, R’ = 0,75, n = 900
Varigble T-value Probability Level
N -13,9741 0.001
> 28,2020 0,001
ii) Y =a + bN_a-‘cNO‘S + dP
Y = 34,4477 - 0.1692N + u.gszluo‘s + 0.1305P.,,.(548)
R = 0.88344, RZ = 0,78, n = 900
Variable T-value Probability Level
N -14,8311 0,001
W03 29,9314 0,001
P 10,6950 0.001
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iii) Y =a + bN + c:NG'5 + dNP
Y = 37,9276 - 0,1994N + 4,982180°° + 0,0011NP....(549)
R = 0.88502, R° = 0.78, n = 900
Variable T-value Probability Level
N -17,1159 ' 0.001
3 30.1236 0.001
NP 11,2871 0,001
iv) Y =a +bN+ch*5 4+ dp + enp
Y = 36.4607 - 0.1894N + 4.9821N "> + 0,05502 +
0.0008NPessesesscsssscascssnssssnsassssscans (550)
R = 0,88592, RZ = 0,78, n = 900
Variable T-value Probability Level
N -15,4609 0.001
e 30,2174 0.001
P 2.5673 0.025
NP 4.2667 0.001
v) Y =a + b + cN0+5 + gp
Y = 34,6421 + 3,8205N°°° - 0,0005N2 + 0.1305P. ... (551)
R = 0.88650, R> = 0,79, n = 900
Variable T-value Probability Level
N -15.7538 0.001
N0+ 42,3768 0.001

P 10,8294 0.001




Ce

vi)

1.5

i)

iid)

278

0.5

a + bNZ + cN + dP + eNP

Y

36,7545 + 3.66888°°° - 0.0005N° + 0.0534P +

e
"

OIOOOSNP.......IDI............'.‘....“....-(552)

R = 0.88910, R? = 0,79, n = 900

Variable T-value Probability Level
N -16.4196 0.001
03 38,3965 0.001
P 2,5331 0.025
NP 4,4367 0.001

Power Functions

Y=a +bN+cN°>
Y = 39,3535 + 0.7443N - 0.0002N!"21sueueerssseas (553)
R = 0,86740, R% = 0,75,.n = 900
Variable T-value Probability Level
N 35,2226 0.001
N> 28,1953 0.001
Y =a +bN + Nl « gp
Y = 35.8735 + 0,7443N - 0,0002N'*% + 0,13058. ... (554)
R = 0.88341, RZ = 0,78, n = 900
Variable T-value Probability Level
N 37,3819 0.001
N3 .29,9238 0.001

P 10,6936 0.001




d.
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11i) Y =a + bN + cN'*> + NP
Y = 39,3535 + 0,7142N - 0,0002N**> + 0,0011NP. ... (555)
R = 0.88499, R® = 0,78, n = 900
Variable T-value Probability Level
N 35,7744 0.001
N3 _30.1159 0.001
NP 11,2856 0.001
iv) Y =a + bN + cN1'5 + dP + eNP
Y = 37.8866 + 0.7242N.~ 0,0002N'*> + 0,0550P +
0.0008NPoeussernesnssannnssrosasesssssonnes(556)
R = 0,88589, RZ = 0,78, n = 900
Variable T-value Probability Level
N 35,7104 0,001
S ek -30.2097 0.001
P 2.5670 0.025
NP 42662 0.001
Cobb-Douglas Functions
i) Y =an’
Log ¥ = Log a +b Log N
Log ¥ = Log 3.6254 + 0,0746 Log Nevescseensensasses (557)
R = 0.88479, R = 0,78, n = 900

Variable T-value

Probability Level

Log N 56,8983

0,001
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de

Quadratic Function

ii) v = an®p®
Log Y = Log a +b Log N + ¢ Log P
Log Y = Log 3.5719 + 0.0746 Log N + 0.0109 Log Pus...(558)
R = 0,89623, R? = 0,80, n = 900
Variable T-value Probability Level
Log N 59,7389 0.001
Log P  9.6385 0.001
1ii) y = an®®
Log Y = Log a +b Log N + ¢ Log K
Log Y = Log 3.6111 + 0,0746 Log N + 0,0058 Log Kau...(559)
R = 0.88806, R> = 0,79, n = 900
Variable T-value Probability Level
Log N 57.6417 0.001
Log K 4,9615 0.001
1961 - 1970
1. (Py05 =0, K0 =0, N variable)

Y = a +bN + N
Y = 36,9350 + 0,4632N = 0,0015N2, . 1.ecrnoecasccncans(560)
R = 0,79462, R> = 0.63, n = 510
Variable T-value Probability Level
N 21,4832 0.001
N 14,9642 0,001




Square Root Function

b.
Y =a + bN + cND'S
Y = 3&.8298  OVLUIAN + HeSIBIN eunvevnenssenensns(S61)
R = 079750, &2 = 0.64, n = 510
Variable T-value Probability Level
N -7.0463 0.001
e 15,2680 0.001
¢. 1,5 Power Function
Y =a + bN + ch.S |
Y = 36,0522 + 0.7045N - 0.0382N " ervvrnensonansnsaes (562)
R = 0.80051, R® = 0.64, n = 510
Variable T-value Probability lewvel
N 19,6547 0.001
N3 -15.5900 0.001
d. Cobb-Douglas Function
Y = aNb
Log Y =log a +b Log N
Log Y = Log 3.5160 + 0,1402 Log N.;.....................(563)
R = 0.78832, g? = 0.62, n = 510
Variable T-value Probability Level
Log N 28,8782 0.001
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2.

(P205 = u0,

b.

Ce

K,0 = 0, N variable)

Quadratic Function

Y =a + bN + ch
Y = 39,0285 + 0,4732N - 0.0015N2..........---......(564)
R = 0.83096, R° = 0.69, n = 510
Variable T-value Probability Level
N 22,9790 - 0,001
N’ ~15,1903 0.001

Square Root Function

Y =a + bN + cNO’S
Y = 36,7666 = 0.1202N + 4o BB22N " eureennennsansses(565)
R = 0,83683, R = 0,70, n = 510 |
Variable T-value Probability Level

N ~ -6,2531 0.001

e 0.001

15,9620

1.5 Power Function

Y =a + bN_ + chjs
Y = 38.1595 + 0,7075N - 0.0371N1'5.....;...........(566)
R = 0,83597, RZ = 0,70, n = 510
Variable T-value Probability Level
N 20,6819 0,001
S -15,8477 0.001
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d. Cobb-Douglas Function
Y = aNb
Log Y ; Log a +b Log N
log Y = Log 3.5490 + 0,1472 LOg Nuvesvvovssvsosnsasaanaal367)
R = 0,80302, R® = 0.64, n = 510
Variable T-value Probability Level
Log N 30,4505 0.001

3. (P05 = 40, Ky0 = 40, N variable)

b.

Quadratic Function

Y 2

a + bN + ¢N

[

Y = 38,4674 + 0,5126N -

0.83959, R = 0.70,

R

Variable T-value

0.0017N

n = 510

2

O.COC.OOI-l.ll..'l.l(ses)

Probability Level

N 25,2264

N2 _ 17.4923

0,001

0,001

Square Root Function

a + bN + cN°'5

Y

Y = 36,3407 - 0.1502N +

H

R = 0,83891, R? = 0,70,

Variable T-value

4.91018°"

n = 510

5.‘......“..'.‘...(569)

Probability Level

N ~7.7646

0.5

N 17,4035

0.001

0.001

283



284

c. 1.5 Power Function
1,5

Y a + bN + ¢N

Y = 37.5723 + 0.7738N = 0.0418N%0 secenvesscassnsees(570)

R = 0.84398, g2 = 0.71, n = 510

Varigble T-value . Probability Level
N 22,9000 0,001
N'e3 ~18.0794 0.001

d. Cobb-Douglas Function

Y = aNb
Log Y = Log a + b Log N
Log Y = Log 3.5529 + 0,1477 LOog Newesossosnssavasscasse{571)
R = 0,81414, R% = 0,66, n = 510
Variable T-value . Probability Level
Log N 31.6008 0.001

4, (P205, Ko0, N variable)

a, Quadratic Functions

i) Y=4a +bN + ch
Y = 38,1239 + 0.4834N = 0.00168%. . 0uuconecsasss(572)
R = 0,81625, R® = 0.67, n = 1530
Variable T-value Probability Level
N 39,3364 0.001

N2 -26.8941 0.001




ii)

iii)

iv)

- 285

Y =a +bN + ch + dp
Y = 35.4679 + 0.4834N - 0,0016N° + 0.0996P. . ...(573)
R = 0.82473, B2 = 0.70, n = 1530
Variable T-value | Probability Level
N 40,1698 0.001
N -27.4639 0.001
P 8.1481 0.001
Y = 8 + bN + cN? + dNP
Y = 38,1239 + 0.4612N - 0,0016N° + 0,0008NP,....(574)
R = 0.82489, R = 0,68, n = 1530
Variable T-value Probability Level
N 37,4211 0.001
N -27.4752 0.001
NP 8.2281 0.001
Y =a +bN + cN° + dP + eNP
Y = 36,7340 + 0.4707N - 0,0016N°> + 0,0521P +
0.0005NP, v sesvnneerasssoarassscrasasscossss(575)
R = 0.82563, R® = 0,68, n = 1530
Variable T-value Probability Level
N 36.4352 0.001
N 27,5184 0.001
P 2.4101 0.05
NP 2.6585 0,01
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b. Square Root Functions
0.5

i) Y=a +bN +cN "
¥ = 35,9642 « 0.13BIN + 4. 654800° 5, 10 euinsnsn.. (576)
R = 0.81903, R> = 0.67, n = 1530
Variable T—value Probability Level
N -11,9098 0.001
-3 27,4651 0,001
ii) Y =a +bN +cN*? « gp
Y = 33,3082 - 0.1381N + 4.644BN°*> + 0,0996P. ... (577)
R = 0.82748, RZ = 0,68, n = 1530
Variable T-value Probability Levél
N -12.1658 0.001
N3 28,0554 0,001
P 8. 2066 0.001
{i1) Y =a + bN + cN°*> + dNP
Y = 35,9642 - 0,1602N + 4.6448N0*> + 0,0008NP, ., (578)
R = 0,82764, RZ = 0,68, n = 1530
Varigble T-value | Probability Level
N -13.7463 0,001
N+ 3 28,0671 0.001

NP . B.2872 - 0.001
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iv) Y=a +bN+ch° + dp + eNP
Y = 34,5742 - 0,1507N + 4,6448N + 0,0521P +
0,0005RP s snsnavessnsonannnassnwprnsanissseslITI)
R = 0,82837, R® = 0.69, n = 1530
Variable T-value Probability Level
N 12,2810 0.001
N3 28,1120 0.001
P 2.4275 0.025
NP 2,6777 0.01
v) Y =a +bN + cNO's + N’
Y = 36,3973 + 0,1323N + 2,7496K0° > - 0,0007N°, ... (580)
R = 0.82300, RZ = 0.67, n = 1530
Variable T-value Probabil i.tjr Level
N 2,6447 0.01
27,2327 0.001
N2 -5,5533 0,001
vi) Y =a +bN + cN°*7 + dN% + eP
Y = 33,7413 + 0.1323 + 2.749680+5 - 0,000782 +
0.0996P,c0useenncersssecscscseansanssssasnns(581)
R = 0.83141, R = 0.69, n = 1530
Variable T-value Probability Level
N 2,7028 0.01
N> 7.3915 0.001
N> ~5.6752 0,001
P 8,2901 0.001
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vii) Y =a +DbN + cNO'S + dN2 + eP + ENP
Y = 35,0074 + 0,1196N + 2,7496N°°° - 0,0007N° +
0.0521P + 0.0005NPssusseseoocraasessrrasesas (582)
R = 0.83230, R = 0.69, n = 1530
Variable T-value Probability Level
N 2.4380 0.025
N3 7.4068 | 0.001
N -5,6869 0.001
P 2.4523 0.025
NP 2.7050 0.01

Ce 1.5'Power Functions

i) Y=a +bN +¢ ha3
Y = 37,1821 + 0,7202N ~ 0,0002N'°%,,00eersecesss(583)
R = 0.82140, R? = 0,67, n = 1530
Variable T-value Probability Level
N 35,8162 0.001
w3 27,9562 0.001
ii) Y=a +bN +cN? 4+ gp
Y = 34,5261 + 0.7202N - 0,0002N'*> + 0,0996,...(584)
R = 0.82140, R? = 0,67, n = 1530
Variable T-value Probability Level
N 36,5957 0,001
N3 28,5646 0.001

P 8,2576 0.001
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111) Y =a + bN + oN!*5 + anp
Y = 37,1821 + 0,6980N - 0,0002N *> + 0,0008NP. . (585)
R = 0,82998, R? = 0,69, n = 1530
Variable T-value Probability Level
N 35,1670 0.001
N'*O 28,5766 0.001
NP 8.3387 0.001
iv) Y =a + DN + cN'* + dp + eNP
Y = 35,7922 + 0.7075N - 0,0002N"*> + 0,0521P +
0,0005NPs ¢ v susansssesscassasosssssaasnosssss(586)
R = 0,83071, R? = 0,69, n = 1530
Variable T-value Probability Level
N 35,0372 0,001
N _28,6231 0.001
P 2.4426 0.025
NP 2,6944 0,01
Cobb-Douglas Functions
i) ¥y = aNb
log Y = Log a +b Log N
Log Y = Log 3.,5297 + 0,0824 Log Niesssscsssssossscss (587)
R = 0,78986, RZ = 0,62, n = 1530
Variable T-value Probability Level

Log N 50,3444 0,001
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ii) ¥ = an’p®
Log Y = Log a + b Log N + ¢ Log P
Log Y = Log 3,4878 + 0,0824 Log N + 0,0085 Log P....(588)
R = 0,79500, RZ = 0,63, n = 1530
Varlable T-value Probability Level
Log N 50,8815 0,001
Log P 5,8121 0,001
fii) Y = aNP&C
Log Y =Log a +b Log N + ¢ Log K
Log Y = Log 3.5177 + 0,0824 Log N + 0,0049 Log K....(589)
R = 0.79157, R® = 0,63, n = 1530
Variable T-value Probability Level
Log N 50,5096 0,001

Log K 3,3233 0,001
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Table 6: Nitrogen/Corn price ratios and Optimum Rates of
nitrogen application

Ritrogen/Corn Optimum Rates of Nitrogen/Corn Optimum Rates
Price Ratios Nitrogen Applications Price Ratios of Nitrogen
in Pounds/acre _ Applications in
Pounds per acre

0.020 174,18 0.29 129,18
0.025 173.35 0.30 127,51
0.030 172,52 0.32 124,18
0.035 171.68 0.34 120.85
0.040 170.85 0.36 117,52
0.045 170,02 0.38 114,18
0.050 169.18 0.40 110,85
0.055 168.35 0.42 107.52
0.060 167.52 0.44 104,18
0.065 166.68 0.46 100.85
0.070 165,85 0.48 97.52
0.075 165,02 0.50 94,18
0.080 164,18 0.52 90.85
0.085 163,35 0.54 87.52
0.090 162,52 0.56 84,18
0,095 161,68 0.58 80.85
0.10 160.85 0.60 77.52
0.11 159.18 0.62 74,18
0.12 157,52 0.64 70,85
0.13 155.85 0.61 67,52
0.14 154.18 0.68 64,18
0.15 152,52 0.70 60,85
0.16 150,85 0.72 57.52
0.17 149,18 0.74 54,18
0.18 147,52 0.76 50,85
0.19 145,85 0.78 L7.52
0.20 144.18 0.80 h44,.18
0.21 142,52 0.82 40.85
0.22 140,85 0.84 37.52
0.23 139,18 0.86 34,18
0.24 137.52 0.88 30,85
0.25 135,85 0,90 27,52
0.26 134,18 0.92 24,18
0.27 132,52 0.94 20.85
0.28 130,85 0,96 17.52

0.98 14,18

1.00 10,85
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Table 7: Nitrogen/Sorghum price ratios and optimum rates of
nitrogen application

Nitrogen/Sorghum Optimum Rates of Nitrogen/Sorghum Optimum Rates of
Price Ratios Nitrogen Applications Price Ratios Nitrogen Applications
in Pounds per acre ' ' in Pounds per acre
0.020 144,81 0.29 60, 44
0.025 143,25 0.30 57,31
0.030 141,69 , 0.31 54,19
0.035 140,13 0.32 51.06
0.040 138.56 0.33 47.94
0.045 137,00 0.34 L4, 81
0.050 135.44 0.35 41,69
0.055 133.87 0.36 38,56
0.060 132,31 0.37 35.44
0.065 130,75 0.38 32,31
0.070 129,19 0.39 29.19
0.075 129.63 0.40 26,06
0.080 126,06 0.41 22,94
0.085 124,50 0.42 19,81
0.090 122.94 0.43 16.69
0.095 . 121.38 0.ub 13.56
0.10 . 119,81 0.45 10.44
0.11 116,69 0.46 7.31
0.12 113.56 0.u7 4,19
0.13 110, 44 . 0.u8 . 1.06
0.14 107.31
0.15 104,19
0.16 101.06
0.17 97.94
0.18 94,81
0.19 91.69
0.20 88.56
0,21 85.44
0.22 82.31
0.23 79.19
0.24 76.06
0.25 72,94
0.26 69.18
0.27 66.69

0.28 63.56
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Table B: Marginal yields of corn and optimum rates of nitrogen at
specified corn and nitrogen prices
Application Marginal Value of Marginal Yields When Price of
N of Yields corn is at
Pounds/acre :
$0.80 $0.90 $1.00 $1.10 $1.20 $1.30 $1.40
10 1.01 0.81 0,91 1.01 1.11 121 1:31 l.41
20 0.95 0.76 0,86 0.95 1.05 1.14 1,23 1.33
30 0.89 0.71 0.80 0.89 0.89 1.07 1.16 1.24
40 0.83 0.66 0.74 0.83 0.91 1.00 1.08 1.16
50 0.77 0.62 0.69 0.77 0.85 0.93 1.00 1.08
60 0.71 0.57 0.64 0.71 0.78.  0.85 0.92 0.99
70 0.65 0.52 0.59 0.65 0.72 0.78 0.85 0.91
80 0.59 0.47 0.53 0.59 0.65 0.71 0. 77 0.83
%0 0.53 0.42 0.48 0.53 0.58 0.64 0.70 0.74
100 0.47 0.38 0.42 0.47 0.52 0.56 0.61 0.66
110 0.41 0.33 0.37 0.41 0.45 0,49 0.53 0.57
120 0.35 0.28 0.32 0.35 0.39 0.42 0.46 G.49
130 0.29 0.23 0.26 0.29 0.32 0.35 0.38 0,41
140 0.23 0.18 0.21 0.23 0.25 0.28 0.30 0,32
150 0.17 0.14 0.15 0.17 0.19 0.20 0.22 0.23
160 0.11 0.09 0.10 0.11 0.12 .13 0.14 0.15
170 0.05 0.04 0.05 0,05 0.06 0.06 0.07 0,07
180 ~0.01 -0,01 -0,01 -0,01 0,01 -0.01 0,01 -0.01
190 -0.07 -0.06 -0.06 -0,07 -0,08 -0,08 0,09 -0,10
200 -0.13 -0,10 -0,12 -0.13 -0,14 -0.16 ~0.17 -0.18
210 -019 -0.15 -0,17 -0.19 -0.21 -0.,23 0,25 -0.27
220 -0.25 -0,20 -0,23 -0.25 -0.28 -0,20 -0.33 -0.35
230 -0.31 -0.25 -0.28 -0.31 -0,34 -0.37 -0,40 -0.43
240 -0.37 -0.30 ~0,23 -0.37 -0.41 -0.44 -0.48 -0,52
250 -0.43 -0.34 -0.39 -0.43 ° -0,47 -0,52 -0.,56 -0,60



Table 9: Marginal yields of grain sorghum and optimum rates

of nitrogen at specified sorghum and nitrogen prices
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Application Marginal Value of Marginal Yields when Price of
N of Yields grain sorghum is at
Pounds/acre $1.00 $1.20 $1.40 $1.60 $1.80 $1.00 $2.20
10 0.45 0.45 0.45 0.63 0,72 0.81 0.90
20 0.42 0.42 0,50 0.59 0.67 0.76 0.84
30 0.39 0,39 0,47 0.55 0.62 0.70 0.78
ho 0.36 0.36 0,43 0,50 0.58 0.65 0.72
50 0.32 0.32 0,38 0.45 0.51 0.58 0.64
60 0.29 0.29 0.35 0.41 0,46 0.52 0,58
70 0.26 0.26 0,31 0.36 0.42 0.47 0.52
80 0.23 0.23 0,28 0.32 0.37 0.41 0.46
90 0.20 0.20 0.24 0.28 0.32 0.36 0.40
100 0.16 0.16 0.19 0.22 0.26 0.29 0.32
110 0.13 0.13 0,16 0.18 0.21 0.23 0.26
120 .10 0.10 0.12 0.14 0.16 0.18 0.20
130 0.07 0.07 0.08 0,10 0,11 0.13 0.14
140 0.04 0.04 0.05 0.06 0,06 0.07 0.08
150 0.00 0,00 0.00 0.00 0.00 0.00 0,00
160 -0,03 -0.,03 -0.00 -0,04 -0.05 -0)05 -0.06
170 -0.06 -0.06 -0.07 -0.08 0,10 -0.11 -0.12
180 -0.09 -0.09 -0.11 -0,13 -0.14 0,16 -0.18
190 - =0,12 -0,12 =-0.14 -0.17 -0.19 -0.22 -0.24
200 =0.16 -0,16 -0,19 -0,22 -0.26 -0.29 -0.32
210 ~=0.19 -0.19 -0.23 -0,27 -0,30 -0.34 -D.38
220 -0,22 -0.22 -0.26 -0.31 -0.35 -0.40 -0, 44
230 -0.25 -0.25 =0.30 -0.35 0,40 -0.45 -0,50
240 -0.28 -0.28 -0.34 -0.,39 0,45 0,50 -0,56
250 -0.32 ~0.32 -0,38 -0.45 =0.51 -0.58
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This study is an economic analysis of experimental data for irrigated
corn and grain sorghum conducted between 1961 and 1970 at Tribune Branch
Experiment Station. The yield response to different rates and combinations
of fertilizers nitrogen (N), phosphorus (P,0g) and potassium (K,0) is the
main consideration in this study. Since production functions have been
fitted to the data 1961-1965 for corn and 1959-1965 for grain sorghum by
Yung Liu, the aim of the present analysis is to update the results to 1970
for both crops. According to Yung Liu's study, yield responses to
phosphorus and potassium were negligible. An attempt has been made in
this study to find the year when the yield responses to plosphorus and
potassium become statistically significant.

The analysis of variance results show that for both crops, yield
response to phosphorus becomes and was significant in 1966 through_1970.
This implies, that farmers need not apply phosphorus to corn until the
sixth year and the eighth year for sorghum (since sorghum experiment
started in 1959) after the start of irrigation. The interpretation of
these results should be applied only to conditions prevailing during the
experiment because of these reasons:

(a) The response of corn and grain sorghum to nitrogen and
phosphorus varies with soil, climate and other environmental conditions.

(b) It is easier to control small experimental plots than large
acreages cultivated by farmers.

(¢) The terms ‘'average year', 'average price', 'average yield’
used are only a matter of convenience because it is rare to find a
particular farmer's condition meeting all of these categories.

(d) Sufficient irrigation water was applied at preplanf stages

and during the growing seasons therefore these results will not apply to



conditions where soil moisture is a limiting factor.
(e) It has been assumed that maximization of returns from an

acre of corn or grain sorghum is the objective of the farmer whereas it
may be maximization of income from all the enterprises in his farming
business.

Inspite of the above limitations, the results can be useful to
(1) extension workers in making generalized recommendations; (2) all people
dealing with fertilizers; (3) future research workers; and (4) the numerous
derived production functions can be used for teaching purposes. The most
profitable rates of nitrogen applications obtained, using each year's yield
data and prices of nitrogen, corn and grain sorghum agree with the
recommendations followed by the Kansas Extension Service.

Among the different types of functions used, the quadratic form gave
consistently, statistically significant variables at 0.05 probability level
for each treatment in each year's data. The algebraic forms Y=65.2495 +

2

1,0651B - 0.0030N2 for corn and Y = 38,1239 + 0.4834N - 0.0016N° for grain

sorghum were chosen to illustrate the economic applications. The algebraic
2

forms Y = 59.8987 + 1,0651N - 0,0030N° + 0.2007P for corn and Y = 35.4679 +
0.4834N - 0.0016N2 + 0,0996P for grain sorghum incorporate yield response
to phosphorus which is fixed at 40 pounds per acre.

Using 1960-1971 average prices for nitrogen as $0.0865 per pound,
corn as $1.13 per bushel and grain sorghum as $1.72 per cwt., the most
profitable pounds per acre of nitrogen are 164,77 and 135.38 while the
returns to nitrogen above cost are $92,06 and $50,40 per acre respectively.

Returns to nitrogen above its cost change by $2.63 to $4.73 and $1.57 to

$1.83 per acre with successive 5 cents changes in corn price per bushel



and sorghum price per ecwt, respectively. Thus adjusting nitrogen dosage
to the most profitable rate of application for a five-cent change in the

price of corn and sorghum will give higher returns.



