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OZET: Dogn Anadolu’nun dogu gegit balgesinde bugday verimi-giibre iligkisini degerlendirmek amaciyla
farkli matematikscl maddeler degerlendiriimigtir. Sonuglar higbir modelin digerine tistimliigi olmadsgin.
ancak kuadratik formun agronomik gériis agisindan ve ckonomik degerlendiric bakimundan uygun oldugu
ortaya ¢itkmusur, Belli girdi-gikt fivat oranfarinda tavsive edilecck miktarlarda fazia bir degisme olmanusgur.
Bolge agro-ekolojik karaktcrleri goze alindiganda cifigilerc biraz faa giibre kullanimi éncerilebilir. Cifigi
verilerini degerlendinmede diger degismcleri de igine alan genel bir model arastirict ve politika treticiler igin
daha fazla bilgi verebilir.

SUMMARY: [arious fimctional forms are used to evaluate wheat vield response to fertilizer application
in Faster Margin of Central A natolia (FAIC:). Results indicate that anv single model is superior, however,
guadratic form secms 1o fit the data better and has some agrononic rational and ccononic easiness (o
interpret. Given the inpui - outpul price ratios, recommiended application rates do not varv mnch. Farmers
can be advised to use slighth more fertilizer than their current practices taking into account the agro-
ecological characieristics of the region. .1 more general model including other variables to evalnate

Sarmers data wounld vield more information for researchers and policv-inakers.

INTRODUCTION

Although agriculturc has reccived
less attention in recent vears. il still is an
important scctor in Turkish cconomy. There
is not any developed country in the world that
is not developed in agriculture. Turkey should
therefore, put more cmphasis on agricultural
scctor if it wants to be a developed country.

In recent vears. agricultural support
policics have changed and arc less benelicial
to farmers. Transfers 1o agriculture have
declined. and the costs of inputs have
increased two Lo three fold.  Espccially
fertilizer, which itscll may increase vicld 10
% 10 50 %. (ACIL, 1980), became a very
expensive input.  That has had a ncgative
impact on larmer incomes. and the conlinuily
of food supply is threatcned.  Owing o
increascs in input prices, farmers have 1o pay
morc attention 1o optimize input use. The aim
of this research is. therefore. to recommend to
farmers optimum f{ertilizer application rate o
achicv  maximum cconomic yicld within the
context of current practices.

Productivity in  wheat  (arming
depends on a varncty ol lfactors such as soil.
climatc, sced quality and typc, irrigation,
fertilizer use. The objective of this study is to
comparc and cvaluate some functional forms
1o identify the economic optimum rates of

fertilizcr.

Crop responsc  analvsis 1s  an
important arca of rcscarch lor approprialc
fertilizer  recommendations  which  have
generally been developed using production
functions. and input-outpul rclationships have
becen  cstimated by conducting  fertilizer
experiments in the ficld (NELSON ET AL.
1983).  "Dircctly or ndirectly. decisions
concerning  optimal rates ol [ertilization
imvolve fiting some tvpe of model to vicld
data collected when several rates of fertilizer
arc applicd" (CERRATO and
BLACKMARE. 1990). Obviously, fertilizer
recommendation should be derived using the
most appropriatc modcl.  Agronomist and
agricultural cconomists have spent more than
a century in scarch of such a model (PARIS,
1992). Data obtained from farmers have not
bcen usually used  for  fertilizer
rccommendations. Modcls it the
cxperimental data better. However, goodness
of fit to farmers' data is not as good, and
rescarchers arc 1o recommend also optimal
fertilizer usc based on farmiers data.

Von Licbig cnunciated a conjecturc
about crop responsc implving a very
particular family of responsc modcls (PARIS,
1992). Von Licbig formulated “the low of
minimum" around 1850 (GUZEL. 1985).
Since then several dilferent response modcls
have been algebraically formulated and used
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to identify cconomic optimum raic  of
fertilization.
Numcrous rescarchers have

compared response (unctions and noted that
these models ofien disagree when indentifyving
these rates of fertiiization. Among those who
have used dilferent responsc models  are
Abraham and Rao. Andcrson and Nclson,
Barrcto and Westerman, Nelson ¢t al,
Blackmer and Mcisinger (CERRATO and
BLACKMER. 1990, JAURAGU!I and
SAIN, 1992). Somc response studics arc
summarized here.

ABRAHAM and RAO (1966)
compared scveral  functional forms  and
concluded, based on the results as well as the
goodness of (it. test of hvpothesis about modc!
paramcters favor the quadratic polinomial
[unction.

SANCHEZ ct al (1981) compared
alternative cquations  derived  from  ficld
experiments. and suggested. that the response
modc! docs not really make much diflerence.
TRONSTAD and TAYLOR (1989)
cvaluated 13 functional forms. examining the
crror structurc and could not asscrt that any
single functional form was supcerior.

Most widely used functional forms
arc quadratic squarc root. Cobb-Douglas.
transcendental.  translog.  scmilog  and
cxponantial  functional forms (HEADY.
1981, HEADY and DILLON, 1961,
HEADY ct al, 1961. JAURAGUI and SAIN.
1992, PARIS. 1992, CARRETO and
BLACKMER, 1990. JOHNSON. JR. ¢t al
1987. BEATTIE and TAYLOR, 1987).

The quadratic function is preferred
because it is casity generalized to modcls with
morc then on nutricnt and it allows for casy
interpration  of  lincar, curvilincer, and
interaction cffects (JOHNSON. JR. ¢t al
1987. JAURAGUI and SAIN, 1992).

Quadratic functional form has bcen
uscd in numcrous studics to cxamine the vield
response to fertilizer usc (SEFA. 1981,
DIGDIGOGLU. 1982, BABUR, 983.
ALEMDAR. 1988 AVCI ct al 1988,
CARRETO and BLACKMER, 1990,
BATIONA ct al. 1991, GRIFFIN and
HESTERMAN, 1991. MUKHOPADHYAY
ct al, 1991, OZEL and BICER, 1992,
ICARDA. 1992. DARA ct al. 1992, PARIS,
1992, OZKAYA and OZDEMIR, 1992,
AGARWAL ct al. 1993, JERALD ct al,
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1993, REEVES ct al, 1993, CAMPBELL ct
al. 1993, AYISI ct al. 1993, EKER, 1992,
BAYANER and UZUNLY, 1993, AVCI et
al. 1993, AVCIN ¢t al. 1993),

Input-output rclations have also been
cxamined in a number of studics using Cobb-
Douglas production function (ULUG, 1973,
ZORAL. 1973, TONGISI, 1977, ACIL and
REHBER. 1978, REHBER, 1978,
SARIMESELL, 1981, ARIKAN, 987,
OZCELIK. 1989. VURAL ct al, 1993).

MATERIALS AND METHODS

Virtually all previous studies of this
type have relied on ficld experimental data.
These data it the model well. However,
farmers conditions arc not the same as
experimental  conditions which could be
controlled by the rescarchers and except for
the climatc cxcluding irrigation, resources arc
not limited. Results obtained in such condition
arc diffcrent than that of farmers conditions.
Therclore it is worth to cvaluate data obtained
from the farmers. The data uscd was obtained
from the farmers through a formal intervicw.
Farmers were asked the wheat production
technique in Eastem Margin of Central
Anatolia (EMCA). A total of 207 farmers
were  interview of these, 94 farmers used
phosphorus and nitrogen. Previous studies
have gencrally used quadratic functional form
to cvaluatc vicld response to fertilizer
application. This functional form in most
cascs fits the data best. However vicld data
obtained from the farmers do not exhibit a
smooth responsc to ferlilizer. Therefore, it is
important to test different functional forms.

An ideal functional form is flexible
cnough 1o capturc all the information
convesed bv the data sct. However, the
quahty of the data must also be considered.
As COLWELL (1978) observed, poor data
should not deter rescarchers from using "the
best computing  procedures available,” but
poor data cannot support strong arguments
about whether one or another functional from
is best JAUREGUI and SAIN, 1992).

There are altcrnatives to the more or
Icss arbitrary choice of a polynomial function
to represent the response to fertilization,
including the very flexible Box-Cox
transformation. Owing to the computer
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programming limitations, this flexible Box-
Cox transformation was not uscd.

In this study, data werc analvzed
using diflerent functional forms in three steps
(1), wheat vyicld responsc 1o nitrogen
fertilization, (2) wheat vicld response 1o
phosphorus fertilization, and (3) wheat yicld
response 10 nilrogen and  phosphorus
fertilization. Primary analysis of the data
~ viclded consistantly lower R’ In order 1o
improve R, arca sown to whecat. weed
chemical application, sowing data, sowing
mcthod, and tractor owncrship were all
included in the modcls cstimated. R® was
improved only when arca sown 1o wheat (A)
and weed chemical application (WCA) were
added to the models. Thercfore. following
functional forms were formulated to be uscd
in the analysis:

For nitrogen use,

Lincar . Y=arbN1tcA+dWCA

Quadratic ; Y =a+ bN +cN” +dA + cWCA
Cubic  : Y=a+bN+ N~ dN"+cA+WCA
Squareroot: Y =a + bN + eN" 4 dA + cWCA
Hiperbol ; Y =a+b(I/N)+cA+dWCA
Semilog 1 e =Rt eATIREAINE

Y -a+blInN +cA r dWLA (without quadratic term)
(a+dA +eWCA) Nb (N )

c =¢
=a+binN + ¢ (InNY + dA + ¢cWCA (with quadratic
tcrm)

I"\ponanlial Y = cta +hN+cA +dWCA)

InY=a+bN+cA+dWCA (\\llhoul quardatic term)
Y= (n*hN4tN“+d\+e\\CA

[nY=a+bN+cN + dA + eWCA (with quadratic term)

Transcendental : Y - aNh c(cN +dA +eWCA)
InY =Ina+blInN+cN+dA + ¢WCA
Translog © Y =aN" VA
InY = Ina+bInN + cA + dWCA (without quadratic term)
Y = aNb c(c InN +dA +eWCA)
InY =Ina+ binN + ¢(InNY +dA +eWCA (with quadratic
term)

for phosphorus usc;

Linear D Y=a+bP~+ cAj- dWCA
Quadratic ; Y=a+bP-cP +dA+eWCA
Cubic  ; Y—a+bPcP? dP'+ A+ IWCA
Squarcroot . Y =a+ bP +cP™ + dA + eWCA
Hiperbol . Y=a+b(1/P)+cA+ dWCA
Scmilog . C - (a+ cAH AWCAY p'h

Y a+blnP+cA- dWLA (withowt quadratic term)

o7 = Bt dATWER) b (P'

Y a+binP+c(nP) + dA + eWCA (wit quadratic term)
E\ponamlaj Y c(a bP+ LA+<!WCAP
InY=a+ bP+cA+dWCA (wuhoul quadrdllc term)

Y = cn*hPi'cP“dAf cW(‘A

InY=a+bP+cP +dA + eWCA (with quadratic term)

Y o Pt T A R
MY -Ina bl + el dA - cWCA

Transcendental -

T o CA PAdWCA
Iranslog @ Y :=aP'e¢™ ™,

InY - Ina- binP + ¢A+ dWCA (without quadratic term)
Y- al’h c(clnP A+ eWCAY

Y - na- binP -+ ¢(InPy +dA - ¢WCA (with quadratic
term)

For antrogen and phosphorus usc;

Lincar .Y a+bN -clP+dNP+cA - WCA
Quadratic: Y ~a+ bN rcN* - d P ¢ P’ « (NP« gA~

WCA

Cubic . Y- a+bN-cN*-dN" el (PP« gl + hA
+ WCA

Squarcroot; Y =a +bN +eN"* +dP +eP"*  {INP)"* + A +
WCA

Hiperbol: Y -a+ b(I'N) ¢(1 )~ dA + WCA

Semilog (without quadratic term):
c\ (d e+ WCA) Nh P; N])d

Y a-blaN-clnP v dInNInP - ¢cA+ WCA

Semilog (with quadratic lcnn)
c\ cu 2A - WCA) Nh(N ) Pd(l)_ (N!))Y
Y -a-+blnN -c(InNy rdinP +(InPy" +(InNP +gA 1 WCA

lxponantial (withowt quddralm terny):
Y - L(I UN P dNP e - \\(:\i

InY -=a'bN: CPTdNP'C/\‘WC/\

Jxxponantial (with quadratic term):
Y QBN NP e NP A WCAL

Y a-bNieN - dP el - INP- eA - WCA

Transcendental (without interaction );
Y oa N pr N e e
InY <Ina-baN -+ clnP + N+ ¢P + (A + WCA

Transcendental (with interaction):
¥ o g N PE QN e P AT W

InY =Ma+blaN ¢l - dN ¢+ eP 1 INP + gA + WCA

Translog (without quadratic term):;
Y =a Nh Pﬂ: c(d INNInP + eA+ WCA}

MY =Ina-blaNtctP - dInNInP - cA - WCA

rldnSIOQ (with quadratic term ).
Nb l,n (AN + ofInPy ¢ FUNTP 20+ WCA)
lnY Ina -bInN + ¢ln?® + d(InN Y’ ~c(lnl’): “{InNInP +gA
- WCA
Cobb-Douglas ;Y = aN' Pf ¢ %8,
MY -lna- bnN +¢Inl + dA + WCA
where:
Y - Wheat Yield (kg da).
a = Constant.
b.c. d.c. L g h = Estimated coellicients,
N = Nitrogen application rate (kg/da).
P = Phosphorus application rate (kg'da),
A = Arca sown to wheat (da).

WCA ~ Weed chemical application.
WCA = 1. if weed chemical applied.
WCA = 0. otherwise,

Agricuitural cConomists and
agronomisis have generally judged their
empirical models only on the basis of
coefficient of determination (R*). Generally
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accepted that the higher the fit the better the
model. This criterion was explicitly followed
by numcrous rescarchers. But what happens
when all the models exhibit about the same R*
(PARIS, 1992). Conscquently. the cocflicient
of determination is not a relevant statistics for
sclecting  a  modcl (CERRATO  and
BLACKMER. 1990).  These  discussions
were also supported by JAUREGUI and
SAIN (1992), that models used in fertilizer
response studics display' positive and negative
featurcs and R” commonly' used does not by
itscl( provide suflficicnt support for sclecting
any onc modcl over others, and  therclore
other criteria should be used for choosing the
appropriatc specilication.

This study involves fitting cach
functional forms to data obtaincd from the
farmers  and  comparing cocfficient  of
determination. Sum of Squarcs Errors (SSE).
Log of the Likchood Functional (LLF). and
correlation cocfTicients between actual and
predicted wheat viclds (rvy) (KMENTA,
1986. WHITE and BUIL. 1988. OZCELIK.
1994},

RESULTS AND DISCUSSION

The importance of fertilizer usc is
well known by the majority ol the farmers in
the region, but they arc unclcar on
appropriatc rates and mecans of application
(BAYANER ¢t al. 1993) Fertilizer use
differs from famiers (o farmers. depending on
their (inancial situation and fanming abihity.
The most commomly used [ertilizer tvpes
were Diammonium  Phosphate (DAP) and
Amonium Nitratc (AN). The average nitrogen
usc was 6.39 kg/da (= AN * 0.26 + DAP *
0.18). and phosphorus usc 7.13 kgida (=
DAP * 0.46) in EMCA.

The cstimates of the models given in
methodology for wheat wicld response to
nitrogen (N). phosphorus (P) and nitrogen +
phosphorus (N-P) were obtained by Ordinary
Least Square (OLS) technique. The sclection
criteria for these models arc given in Table I,
2 and 3 for N, P and N-P models respectively.
Criteria taken into acccount are R°. F-value,
Log of the Likelvhood Function (LLF) and
the corrclation coclTicient between observed
and predicted vield valucs (ryy).

The cocllicients of determination for
models including nitrogen varicd between

0.198 and 0.230 including phosphorus 0.189
and 0.209 and for the (ull models 0.119 and
0.246 All the R values for the models are
statisticallv significant at the level of 0.01.
The data consistanly cxhibited a lower R’
because the data were obtained from the
farmers with a low variation. Most of the
farmers use about thc samc amount of
fertilizer. This type of data generally cxibite
the sccond stage of the classical production
function.

SSE  values are higher for
transformed data for the models including
nitrogen and phosphorus, indicating that
modcls are not better, and LLF values are
somewhat higher however. the differences are
not important. r**. on the other hand, does not
vary in a great detail.

The models including  nitrogen
phosphorus are statisticallly proven o be
somewhat betier or superior to those only
including nitrogen or phosphorus in terms of
SSE, LLF. and r'’ criteria. Users arc
suggested 1o include both fertilizer types in
their analvsis for famer reccommendations.

Results reported here indicate that no
single modc! can be recommended over others
for all situations, regardless of the selection
criteria used. "The researchers can only hope
that the best model has some agronomic
rational, and produccs cstimates of economics
optimum that arc rcasonably free of bias
(PARIS, 1992).

For the purposc  of calculating
cconomgcis application rates of fertilizer for
rccommondation in  Eastem Margin  of
Central  Anatolia. among the models
cstimated, quadratic model was sclected. The
results of the estimates are given in Tables 4,
5.and 6.

There are three major reasons for
using the quadratic. The first. and perhaps
most promincnt rcason is (o capture turning
points. Turming points occur when the effect
of an additional unit of X causes a change in
the direction of the cffect of X on Y, ic,
Marginal Product (MP) of X is zero. The
giadratic form can casily be generalized to
models with more than onc nutrients, and it
allows for casy interpretation of linear,
cunvilincar. and intcraction cflects.

Optimum  fertilizer rates for the
models were calculated. given the input-
output price ratios (r/p) (Table 7). Maximum
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yicld is optaincd by only applving 7.732 kg/d
nitrogen or 10.041 kg/da phosphorus. When
both fertilizers are applicd. maximum vicld is
reached at 7.830 kg/da nitrogen and 9.190
kg/da phoshorus.

Optimum rates ol nitrogen varied
from 7.200 (o 7.625 kg/da, and phosphorus
from 8.101 to 9.653 kg/da when only using
nitrogen or phosphorus. For thc model
including nitrogen + phosphorus, optimum
nitrogen rafcs were between 7.72 and 7.81
kg/da, and phosphorus rates between 9.11 and
9.18 kg/da.

SUMMARY AND CONCLUSIONS

The objectives of this study were to
investigale a suitable [unctional form in wheat
yicld responsc to fertilizer application and to
recommend (o farmers optimum fertilizer
application rate within the context of current
practices. Becausc of the naturc of the data
uscd, strong econometric evidence is unlikely
that any of the functional forms investigated
can be recommended over others. In addition,
this typc of data does not fit the modcls well.
comparing  with  cxperimental  data.
Nevertheless, farmers’ data should also be
used to recommend fertilizer application rate.

Modcls of this sort should include
not only fertilizer but also other variables such
as. previous crops. soil nutricnt content,
availablc moisture, rainfall reccived and
tecmperature  during thc  growing pceriod,
irngation il applicd. sowing cquipment, weed
and pest chemicals cle.

Sush a general model would capture
the changes in wheat vicld that is of interest to
both rescarchers and policy: makers.

Results obtained arc in favor of
quadratic form. becausc it has some
agronomic rational and cconomic casiness 10
mterpret and scems to fit the data better.
Recommended  application rates did not
change much, given the price ratios. As input
prices increasc. or oulput prices decline. input
usc reduces or vice versa. Depending on a
number of factors. however. operating arca is
bounded with the sccond stage of the
production function. Farmers in EMCA can
be recommended to use more fertilizer than
their current application rates with cautious.
because the region is drv receiving around
300 mm rainlall a vear.
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Table 4: Wheat vicld responsc to Nitrogen

fertilization
Variablcs Paramctcrs Standard Error
Intcrecpt 9.4567 89.378
N 36.320 28114
N -2.3487 2.1536
A 0.21573 0.0642127
WCA 18.848 13.857
Statistics
R’ 0221
F 6.32
N 94

** Significant at the 0.01 Ievel

Tablc 5. Wheat vicld responsc to phosphorus fertilization

Vanablcs Parawectcrs Standard Error
Intereept 83.694 68.487

P 12.941 18.997

P -0.64440 1.2737

A 0.21002 0.064973"
WCA 17.744 14.343
Statistics

R’ 0.203

F 374

N 94

** Significant at the 0.01 Ievel

Table 6. Wheat vicld response (o nitrogen and phosphorus

fertilization
Variablcs Parameters Standard Error
Intercept 29.683 93.543
N 28.706 57418
N* 4.1716 8.3447
P 0.26332 38.196
p- 4.3694 3472
NP -10.229 90944
A 0.20885 0.06744™
WCA 16.533 93.543
Statistics
R’ 0.237
F 3.818
N 34
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Tablc 7. Optimum [ertilizer application rates (kg/da)

N + P usc
p Nuse Puse N P

Technical opt. 7732 10.041 9.190 7830

0.5 7.625 9653 9.180 7810
1.0 7520 9.265 9.60 7790
1.5 7413 8877 9140 7760
2.0 7306 8489 9120 7740
2.5 7200 8101 9110 7.720
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Searching for a Suitable Functional From In 1WVheat Yield Response to Fertlization

Table 1. Sclection criteria (or the functional relationships between
wheat vield and nitrogen use

Modcls R’ F SSE LLF Iy
Lincar 0211 802 305370 -513.422 0.459
Quadratic 0.221 6.32 301 340 -312.798 0471
Cubic 0.230 525 298 070 -512.285 0.479
Squareroot 0217 618 302900 -313.040 0.466
Hiperbol 0214 816 304270 -513.252 0.462
Transcendental 0.198 551 L8Ix10°  -504.338 0.458

TranslogAvithout »
quadratic tcrm 0.198 7.41 [.83x10°  -304.382 0.457

TranslogAvith
quadratic term 0.19%

"N
N
o

182x10°  -304.379 0.457

SemilogAvithoul

quadraticterm 0.244 817 304 150 -513.23: 0.463

"
>3
1\
»2
‘2

SemilogAvith
quadratic tcrm 0213 6.09 303 840 -5313.183 0.463

ExponantialAvithout _
quadratic term 0.196  7.31 [94x10"  -304.500 04

e
')

Exponantial/Avith
quadraticterm 0202 _ 5.62  1.64x10" -504.16} 0.464

11



Bayaner, Uzunli and Ozgelik

Table 2. Selection criteria for the functional relationships between
wheat vicld and phosphorus use

Model R F SSE LLF Tyy

Lincar 0.203  7.64 308490  -513.899 0.450
Quadratic 0.205 574 307610 -513.764 0.453
Cubic 0.209 466 306060  -313.527 0.457
Squarcroot 0204 572 301510 -513.801 0.432
Hiperbol 0.204 7.70 307 980 -313.821 0.452

Transcendental 0.192 329  2.18x10°  -504.733 0.445

Translog/without
quadraticterm  0.191  7.09  2.23x10°  -304.776 0.445

Translog/with

quadraticterm  0.192 220x10°  -504.751 0.445

4
(=]
oC

SemilogAvithout
quadraticterm  0.204  7.69 308010 -513.820 0.452

Semilog/with
quadraticterm  0.204 572 307920 -513.812 0.452

Exponantial/ mwithout
quadraticterm  0.189  7.00  287x10°  -504.897 0.444

Exponantial Avith

quadraticterm___ 0.193 210x10°  -304.662 0.446

"I
‘9)
>
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Searching for a Suitable Functional From In Wheat Yield Response to Fertilizanon

Table 3. Sclection criteria for the functional relationships between
wheat vicld and nitrogen + phosphorus usc

Modcl R’ F SSE LLF  ryy
Lincar 0.222 5035 300910 -512.730 0.472
Quadratic 0237 3818 293240 -511.835 0.487
Cubic 0246 3040 291920 -311.304 0.496
Squarcroot 0.233 3767 296180 -511.986 0.484
Hiperbol 0216 6136 303340 -S13.108 0.465

TranscendentalAvithout
Interaction term 0.199 3.594 1.79x10° -304.345 0.457

Transcendentalavith

Interactionterm  0.212 3304 1.2IxI10" -503.557 0.477
TranslogAvithout
quadraticterm 0,199 4363 L29x10° -504.344 0.439
TranslogAvith

. quadraticterm  0.211 32387 1 24x10° -503.611 0.469

SemilogAvithout
quadratictermy 0.217  4.882 302960 -513.048 0.466
Semilog/with
quadratic term 0.233 3729 296880 -512.096 0.483

ExponantialAvithout
quadratic term 0204 4512 1.532x10°  -304.025  0.463

ExponantialAvith
guadratic term  0.209  3.254 Ax10° 503,708 0.476

N |





