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ABSTRACT

The study aims to determine the efficiency of input use and to analyze the factors affecting technical
efficiency in farms producing maize. Maize is among the most cultivated cereals in the world. Konya, on the
other hand, ranks first in Turkey with a 10% share in maize production. The research area of Cumra district,
which constitutes 15.76% of the maize production in Konya province, has been selected according to the
purposive sampling method. In the study, the sample volume was determined as 77, with a 95% confidence
interval and a 5% margin of error, according to the stratified sampling method. In the study, linear regression
analysis was carried out to determine the factors affecting the technical efficiency of maize producers.
According to the results of the research, gross production value (USD), total land size (ha), and age were found
to be statistically significant at the 5% significance level. Variable costs and education were statistically
significant at the 10% significance level. The DEA method, which is a non-parametric method, was used to
determine the technical efficiency and scale efficiency of farms under the assumption of technical efficiency,
VRS, and CRS. Farms should be informed about the optimum use of inputs. In addition, a farmer training
program to be organized on this subject should be given to the farmers.
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Konya ili (Cumra ilgesi) Misir Uretiminde Etkinlik Analizi ve Etkinlige Etki Eden Faktérlerin
Belirlenmesi

0z

Calismanin amaci, misir Gretimi yapan isletmelerin girdi kullanim etkinliginin belirlenmesi ve teknik
etkinlige etki eden faktorlerin tespit edilmesidir. Misir diinyada en fazla tarimi yapilan tahillar arasindadir.
Konya ili ise misir Uretiminde %10’luk bir pay ile ilk sirada yer almaktadir. Arastirma alani, Konya ili misir
Uretiminin %15.76’sin1 olusturan Gumra ilgesi gayeli 6rnekleme yontemine gore secilmistir. Arastirmada 6rnek
hacmi, tabakali 6rnekleme yontemine gore, %95 gliven araligl, %5 hata pay! ile 77 olarak belirlenmistir.
Calismada musir Uretimi yapan isletmelerin teknik etkinliklerini etkileyen faktoérleri belirlemek icin dogrusal
regresyon analizi yapilmistir. Arastirma sonuglarina gore gayri safi Gretim degeri (USD), toplam arazi blyuklGga
(ha) ve yas %5 onem dizeyinde istatistiksel olarak anlamli bulunmustur. Degisen masraflar ve egitim, %10
anlamhlik diizeyinde istatistiksel olarak anlamliydi. Teknik etkinlik, VRS ve CRS varsayimi altinda ciftliklerin
teknik etkinligi ve 6lgek etkinliginin belirlenmesinde parametrik olmayan bir yontem olan VZA yoéntemi
kullanilmistir.  Ciftlikler girdilerin optimum kullanimi konusunda bilgilendirilmelidir. Ayrica bu konuda
dizenlenecek bir ¢iftci egitim programi giftgilere verilmelidir.

Anahtar kelimeler: Misir, VZA, GSUD, regresyon analizi, Konya
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INTRODUCTION

Cereal crops are considered one of the most strategic food crops in the world. The most cultivated
cereals in the world are wheat, paddy rice, and maize. Maize is consumed as a staple food for humans and as
fodder for animals, and also serves as a basic raw material in the production of alcoholic beverages, textiles,
pharmaceuticals, cosmetics, protein, food flavorings, and bioplastics (Manal, 2018; Dogan and Kilekgi, 2020).
World maize production is 1.1 billion tons and Turkey meets 0.55% (6 million tons) of world maize production
(FAO, 2021; TURKSTAT, 2021). Maize is the third most important crop for Turkey after wheat and barley.
Turkey’s total maize cultivation area in 2020 is 1,217,893 hectares (ha), its production amount is 33,813,091
tonnes, its maize yield is 223 kg/ha, and its maize (silage) yield is 523 kg/ha. Konya is a very important
agricultural city with 2,617,908 hectares of agricultural land, constituting 10.00% of Turkey’s agricultural land.
In terms of maize production, Konya ranks first with a share of 10.77% (3 641 610 tons) (TURKSTAT, 2021).
Maize, which has an important place among cereal crops and has a wide production and usage area, has a very
important role in nutrition. Great success has been achieved recently in increasing agricultural production and
food security in the world. More than 7 billion people are fed by limited arable land. Yield increased from 1.2 to
3.7 tonnes from 1961 to 2017 (FAO, 2017). But the world also faces great challenges. Hunger and malnutrition
are among the biggest problems in the world. A large part of the population in Asian and African countries
derives their livelihood from traditional agricultural production (Fusuo et al., 2013). Today, more than half of
the nitrogen fertilizer used in agriculture is lost to the environment, and scarce resources are wasted. In
addition, the use of wrong techniques in agricultural production poses a threat to air, water, soil, and
biodiversity (Lassaletta et al., 2014). In order to reduce these negative effects and support the sustainable
development of agricultural production, it is necessary to increase the use of modern technologies and to raise
the awareness of farmers (Smetanova et al., 2013; Haskova, 2017; Marousek et al., 2017; Ren et al., 2019). The
rate of technology used in the agricultural sector is far behind that of other sectors. Traditional agriculture
cannot show the desired effect in terms of maximum yield or minimum production cost (Tey and Brindal,
2012; Adnan et al., 2019). Effective use of scarce resources used in production is very important to ensure the
sustainability of farms. There are studies on efficiency in farms, aiming to contribute to the more efficient
operation of farms (Thiombiano, 2017; Oguz and Yener, 2018; Hajihassaniasl, 2019; Oguz et al., 2019; Oguz and
Yener, 2019; Kaur and Bhaskar, 2020; Timer et al., 2020; Parlakay and Cimrin, 2021). In the globalizing world,
the optimum use of scarce resources is becoming an increasingly important issue. Whether the resources are
used optimally or not can be determined by efficiency studies. In this study, it is aimed to calculate the
efficiency of farms growing maize and to determine the factors affecting technical efficiency.

MATERIAL AND METHOD
The method used to determine the sample volume

In the selection of the sample district, Cumra district, which constitutes 15.76% of the maize
production in Konya province, was selected according to the purposive sampling method (Table 1). The study
was conducted in 2022. In the research, a stratified sampling method was used (Glines and Arikan, 1985) to
increase the accuracy of the findings to be collected from the farms and to ensure adequate representation of
different parts of the population. In the study, the sample size was determined as 77 with a 95% confidence
interval and a 5% permisable error. The number of samples to be studied according to the stratified random
sampling method was calculated using the formula below (Yamane, 1967).

_ _ Z(NpSw)? 2 _d?
T N2D24¥ NpSp2 b* = /Zz

In the formula; n: Number of samples, N: Number of farms in the population, Nn: Number of farms in the hth
layer, Sh2: Variance of the hth layer, d: Allowable margin of error from the population mean, z: Refers to the z
value in the standard normal distribution table according to the error rate.

Table 1. Distribution of farms producing maize (Sample Volume)

Size Groups of Farms (ha) Sample Volume (n)
0-2.9 4
3-9.9 28
10-+ 45
Total 77
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The method used to determine the activities in the farms producing maize

In the study, the DEA method, which is a non-parametric method, was used to determine the technical
efficiency and scale efficiency of the maize producers under the assumptions of technical efficiency, CRS, and
VRS. In the DEA method, it is recommended that the number of decision-making units be equal to the product
of the number of inputs to be used and the number of outputs or three times the sum of the number of inputs
and outputs (Cooper et al., 2007). Therefore, 77 farms are enough for the DEA method. Maize yield was
included in the model as the only output variable. The DEA method is included in non-parametric models and
measures the relative efficiency of “n” Decision Making Units (DMU). The model was used in the study to
determine the efficiency of the maize-producing farm by ranking them according to their performance. In the
model, maize production value USD/hectare was taken as the output variable. 7 inputs were used as input
variables. Inputs are seed cost (USD/ha), fertilizer cost (USD/ha), pesticide cost (USD/ha), labor cost (USD/ha),
marketing cost (USD/ha), fuel cost (USD/ha), and water cost (USD/ha). In farms, producers control the
efficiency of commonly used inputs. Therefore, input efficiency measures were used in the study (Farrel,
1957). In the study, 2 models of the DEA method were used to calculate the maize production efficiency of the
farms. These are the CCR (Charnes-Cooper-Rhodes) fixed return to scale (Banker et al., 1984) and BCC (Banker-
Charnes-Cooper) increasing returns to scale (Charnes et al., 1978) models. In DEA, inefficient decision units can
be made effective symmetrically, both by realizing the same output level (input-oriented) with minimum input,
and by maximizing output levels (output-oriented), provided that the inputs are kept constant. Maize
production is produced with insufficient and scarce resources. Therefore, the application of the input-oriented
DEA method is considered more appropriate to reduce the inputs used in the production process. Maize
production value (USD/ha) was used to calculate the technical, pure technical, and scale efficiency of the farms
to define the efficient and ineffective farms. Technical Efficiency (TE) can be defined as the decision unit’s
ability to produce maximum output from available technology and a given set of inputs. In the case of multiple
input and output factors, the TE score (@) is found as follows (Banker et al., 1984; Coelli et al., 2002):

g V¥ A Ua Yoy o U Y, 2 HU Y

J VllejL +V2X2] + o +Van] Z;n_l-'_VSXS]

where Uris the weight given to output “n”, Y, is the amount of output “n”, “I}” is the weight given to
input “n”, X, is the amount of input “n”, “r” is several outputs (r=1, 2, ..., n), is several inputs (s=1, 2, ..., m)
and “j” represents the j'" DMU (j =1, 2, ..., k). Following linear programming, the equation can be solved as
follows:
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The CCR model calculates only TE, while the BBC model calculates TE, scale efficiency (SE), and pure
technical efficiency (PTE). The BBC model assumes a variable return to scale, which represents a change in the
product at a different rate for a one-unit change in inputs. The scale efficiency (SE) is associated with the most
efficient scale of farms that act with the sensitivity of maximizing average productivity. It can be calculated as
follows: Maximize Z = uy; —u;

Subjected tovx; = 1
—vX+uY—u,e<0
v=20u=0

“.on

where “Z” and “uo¢” are scalar and free in sign, “u” and “v” are output and input weight matrices,
respectively, and “Y” and “X” are the corresponding output and input matrices, respectively. “xi” and “yi” refer
to the inputs and output of the DMU, respectively. In addition, in the efficiency analysis, farms with a TE
coefficient of 1-0.95 are classified as efficient, farms with 0.95-0.90 as less efficient, and farms below 0.90 as
inefficient (Charnes et al., 1978). The scale efficiency (SE) is associated with the most efficient scales of farms
that act with the sensitivity of maximizing average productivity. It can be calculated as follows:

SE = TE /STE

It gives information about the quantity on the SE scale characteristics (Chauhan et al., 2006). Deap 2.1

software was used to calculate TE scores.
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The method used to determine the factors affecting the total technical efficiency in maize
producers

In the study, linear regression analysis was carried out to determine the factors affecting technical
efficiency of maize producers. Linear regression analysis measures the dependence of a single dependent
variable with more than one explanatory variable. The coefficient of determination of the variables shows the
strength of the interaction and the “t” test shows the interaction between the dependent and independent
variables. The coefficient of determination is the square of the correlation coefficient (R?). Projection equations
consist of a dependent variable and the independent variables that determine this variable. In addition, these
equations are established by the least-squares method (Gujarati and Porter, 2009). The dependent and
independent variables used in the study are given below. Y = Bo + B1X1 + B2X2 + B3X3 + BaXa + BsXs + BeXs + B7X7 +
BsXs
Y= TE value obtained in maize producing farms, Bo= Fixed value, Xi= crop production value (USD), X2= Land
assets (ha) Xs= Variable costs (USD/ha) Social Security, X4= Age, Xs= Education, Xe= Technology Index, Xs=
Insurance status Xs=Information and Communication Technologies

A “technology usage index” was created according to the current technology use cases of the farms.
Current technologies used by the farms are the disc tractor plow, disc stubble plow, soil mill (rotovator), disc
harrow, combicure (mixed harrow), combined grain sowing machine, farm manure spreader, chemical fertilizer
spreader, motorized sprayer, electropump, motor pump (thermic), centrifugal pump, deep well pump, sprinkler
plant, water tanker (used in agriculture), bottom boiler (subsoiler), rototiller, pneumatic sowing machine,
universal sowing machine (mechanical) (including beet seeder), stubble planter and drip irrigation plant. In
order to calculate the factors affecting the technology adaptation of the producers in the research area, the
technologies related to the farms producing maize were determined and a score varying between “0 and 1”
was given to each technology. This scoring was converted into an index. The technology usage index was
calculated as follows (Spielman and Birner, 2008; Knickel et al., 2009; OECD, 2013; Lapple et al., 2015; Lapple et
al., 2016; Yener, 2017; Ogiir et al., 2021). Technology Usage Index = (TSNR/MSMR)*100 TSNR: Total score the
manufacturer received. MSMR: Maximum score the manufacturer can receive (Yener, 2017; Ogiir et al., 2021).

RESEARCH FINDINGS

The age of farmers between the ages of 15-49, which is the main source of the business, is examined,
it constitutes 33.77% of the farmers. When the education level of the individuals in the examined farms is
examined, it has been determined that 45.45% of them are high school graduates, and the rate of university
graduates is 3.90%. The average land width in the examined farms was found to be 30.33 ha, of which 70.02%
is owned land and 29.98% is rented land. According to the 2020 data in Turkey, 23.1 million hectares of
agricultural land and 8.03% of this agricultural land area is in the province of Konya. Total maize land planted in
Turkey is 12,178 hectares, and 11.92% of this land is in Konya (TURKSTAT, 2021).

Chart 2. Land Use Status of the Investigated Farms

1% Layer 2" Layer 3 Layer Farms Average
ha % ha % ha % ha %
Maize 1.94 8.61 5.85 31.87 21.37 55.53 14.72 48.51
Sugarbeet  0.63 2.78 5.92 32.22 4.97 12.93 5.09 16.79
Wheat 13.63 60.56 3.25 17.70 5.35 13.89 5.01 16.53
Barley 3.13 13.89 2.29 12.48 3.80 9.89 3.22 10.61
Bean 2.25 10.00 0.40 2.18 1.18 3.07 0.95 3.14
(2./::;; 0.00 0.00 0.18 0.97 1.09 2.83 0.70 231
Sunflower  0.94 4.17 0.47 2.58 0.72 1.86 0.64 2.11
Total 2250  100.00 1837 10000 3847  100.00  30.33  100.00

The gross production value (GPV) of the examined farms was found to be 63,509.26 USD (Chart 3). Of
this value, 57.50% is maize and 2.06% is maize (silage). The highest percentage was obtained from maize in the
3rd layer with a maximum rate of 64.82% in crop production value.

Chart 3. Gross Production Value of the investigated farms (USD)
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1%t Layer 2" Layer 3" Layer Farms Average
USD % USD % USD % USD %
Maize 4,808.16 20.85 14,526.40 3642 53,021.40 64.82 36,518.64 57.50
Sugar beet 2,062.85 8.94 19,532.29 4897 16,418.49 20.07 16,805.03 26.46
Barley 3,237.75 14.04  2,375.58 596  3,941.71 4.82 3,335.64 5.25
Bean 5,862.85 25.42 1,04228 261  3,074.74 3.76 2,480.50 3.91
Wheat 5646.64 2448 134690 042 221537 271 2,077.81 3.27
Maize (Silage) 0.00 0.00 33236 0.83  2,026.66 2.48 1,305.27 2.06
Sunflower 1,447.22  6.27 730.50 1.83  1,104.60  1.35 986.36 1.55
Total 23,065.47 100.00 39,886.32 100.00 81,802.98 100.00  63,509.26 100.00

*Note: CBRT 2020 data is calculated as 1USD=8.06 USD according to the annual average rate.

The variable costs of crop production in the examined agricultural farms were calculated as 8,123.88
USD on average (Chart 4). The variable cost item, which has the highest share in this value, is fertilizer with
29.87% and irrigation with 25.65%, respectively. The reason for the high irrigation costs is the result of the high
water consumption of the maize and sugar beet crops.

Chart 4. Variable costs of crop production of the surveyed farms (USD)

1%t Layer 2" Layer 3" Layer Farms Average
usD % usD % usD % usb %
Seed 305.25 10.84  633.60 11.29 1056.90 10.40 863.93 10.63
Fertilizer 646.77 2297 1573.29  28.04 3116.20 30.67 2426.86 29.87
Biocides 186.83 6.63 215.96 3.85 254.15 2.50 236.76 2.91
Fuel-QOil 390.29 13.86  609.36 10.86 975.83 9.61 812.15 10.00
Irrigation 604.94 21.48 1376.95 24.54 2654.91 26.13 2083.71 25.65
Labor 521.14 18.50  999.52 17.81 1809.25 17.81 1447.89 17.82
Marketing 161.05 5.72 202.93 3.62 291.63 2.87 252.59 3.11
Total 2816.28 100.00 5611.61 100.00 10158.87 100.00 8123.88 100.00

*Note: CBRT 2020 data is calculated as 1USD=8.06 USD according to the annual average rate.
The gross profit of the farms examined was calculated as 55,380.01 USD according to the operating
average (Chart 5). Variable costs account for 12.79% and gross profit for 87.20% of the crop production value.

Gross profit is an important criterion that shows the success of the business organization.

Chart 5. Gross profit of the farms examined (USD)

1st Layer 2nd Layer 3rd Layer Farms Average
Crop Production Value 23,063.24 39,882.46 81,795.06 63,503.11
Variable Costs 2,816.01 5,611.06 10,157.88 8,123.10
Gross profit 20,247.23 34,271.40 71,637.17 55,380.01

*Note: CBRT 2020 data is calculated as 1USD=8.06 USD according to the annual average rate.

The aim of ensuring technical efficiency in agricultural production is to prevent waste of resources.
Farms that ensure technical efficiency, on the one hand, reduce their costs, and on the other hand, minimize
the damage to the environment. Internal costs and external costs should be considered, especially when
making a production decision. Today, determining the environmental effects of production and showing these
effects in costs is very important in modern economics (Dogan and Kilekgi, 2020). Success in production is
measured by “scale efficiency”. If the farms are operated at full capacity, more output can be produced from
one unit of input with one unit of input. The average TE of the farms was calculated as 0.545. Accordingly, to
achieve the same production level, the amount of input should be reduced by 45.5%. In the farms producing
maize, 31.17% are efficient in the use of varying costs per hectare, 7.79% are less efficient and 61.04% are
inefficient.
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Chart 6. Efficiency scores of the surveyed farms

Increasing Decreasing
Efficient Returns Returns
Lowest Highest Average Farm to Scale to Scale
Technical Efficiency (CRS) 0.528 1 0.843 22 3 52
Pure Technical Efficiency
(VRS) 0.531 1 0.870 26 13 38
Scale Efficiency (SE) 0782 1 0.968 61 12 4
Technical Efficiency (TE) 0.531 1 0.843 21 2 54

Efficiency scores ranged from 0.528 to 1 for the CRS and 0.531 to 1 for the VRS. The average TE level
for maize producers under the assumptions of CRS and VRS was estimated by DEA analysis as 84.3% and 87.0%,
respectively. This indicates that there is potential to improve current efficiency levels among maize producers.
According to the CRS assumption, the farms are used inefficiently at an average of 15.7% and according to the
VRS assumption at a rate of 13%. In chart 6, it is understood that 22 of 77 maize producers for CRS are efficient
and 26 for VRS. The scale efficiency (SE) in the maize producers varies between 0.782 and 1 and the average
was calculated as 0.968. In the study, the VRS technical efficiency score was estimated lower than the SE score.
This result is due to the inefficiency in corn producing farms, the wrong input use of the farmers and the lack of
technical knowledge. The technical efficiency of the maize producers varies between 0.531 and 1 and the
average was calculated as 0.843.

Chart 7. Descriptive statistics of variables used in the analysis of factors affecting technical efficiency

Minimum Maximum Mean Std. Deviation
Technical Efficiency .53 1.00 .8561 .12932
Crop Production Value (USD) 6555.13 179960.00 51183.5055 37271.54926
Land Presence in Maize (ha) 1.25 62.50 14.7156 12.67937
Variable Costs 7965.42 314975.83 65472.1660 56869.95824
Age 20.00 76.00 51.3896 13.55608
Education 1.00 4.00 2.2208 .91225
Social Security .00 3.00 1.8571 .75593
Technology Index .02 1.00 4616 .32827
Insurance .00 1.00 .6623 47601
Information Communication 1.57 3.95 2.7044 .53314

Technologies

Descriptive statistics of dependent and independent variables used in the analysis of factors affecting
technical efficiency are given in chart 7.

Chart 8. Analysis of factors affecting technical efficiency

B Std. Beta t Sig VIF
Error

(Constant) 1.111 117 9.526 <.001

Crop Production Value (USD) 4.578E-7 .000 1.320 3.185 .002" 18.004
Land Presence in Maize (ha) -.001 .000 -.628 -2.561 .013* 6.296
Variable Costs -1.245E-6 .000 -.510 -1.830 .072* 8.129
Age .003 .001 .262 2.179 .033* 1.519
Education .029 .016 .205 1.820 .073* 1.328
Social Security .011 .020 .066 .572 .569 1.391
Technology Index -.046 .042 -.116 -1.079 .284 1.205
Insurance .023 .028 .085 .823 414 1.122
Information Communication .057 .025 237 2.288 .025% 1.122

Technologies
R2= 0.361 R? (adj)= 0.275 F=4.206 Durbin Watson= 1.277

Factors affecting technical efficiency were determined by regression analysis (Chart 8). According to
the regression analysis, R? was determined as 36.1. The studies in the literature were examined and it was
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determined that the R? values were appropriate (Below et al., 2012; Danso-Abbeam et al., 2018; Harniati and
Anwarudin, 2018). According to the results of the analysis, crop production value (USD), land availability (ha),
age, and information and communication technologies were found to be statistically significant at the 5%
significance level. Variable costs and education were statistically significant at the 10% significance level.

CONCLUSION AND RECOMMENDATIONS

Input usage efficiencies were calculated by analyzing the crop production value of the farms producing
maize in Konya province and their varying costs. The average TE level for maize producers under the
assumptions of CRS and VRS was estimated by DEA analysis as 84.3% and 87%, respectively. In other words,
maize farms will be able to achieve the same level of output by using 15.7% and 13% fewer inputs. The scale
efficiency has been determined as 96.80% in the average of the farms and the farms are not at an economically
appropriate scale. The reason for the low scale efficiency shows that the farms do not use their resources
rationally and their management ability is low. In the study, the VRS score was estimated lower than the SE
score. This result is due to the inefficiency in corn producing farms, the wrong input use of the farmers and the
lack of technical knowledge. Technical efficiency in the examined farms was determined as 84.43%.
Accordingly, farms producing maize use 15.57% of their resources inefficiently. In the farms producing maize,
27.27% are efficient in the use of varying costs per hectare, 2.60% are less efficient and 70.13% are inefficient.
According to the results of the regression analysis, crop production value (USD), age, information, and
communication technologies usage status were found to be statistically significant in the positive direction,
while the land availability (ha) was found to be statistically significant at the 5% significance level in the
negative direction. On the other hand, education was found to be statistically significant at the 10% significance
level, in the positive direction, and the variable costs in the negative direction. As the crop production value
increases, the efficiency in the farm increases. Land availability, on the other hand, has the opposite effect.
Efficiency decreases as the presence of land increases in farms. This situation is explained by the increase in
land fragmentation and product diversity because of the increase in the presence of land in the farms. The land
fragmentation situation and the increase in product diversity affect the changing costs and cause the changing
costs to increase. This situation leads to a decrease in efficiency because of the increase in variable costs. It has
been determined that as the age of the farmers increases in the farms, the efficiency decreases. It has been
determined that as the level of education in farms increases the efficiency increases. As the education level
increases, the rate of using information and communication technologies increases, and the efficiency levels
increase. This is explained by the fact that young farmers are more active in maize production than the old
ones, they are open to innovations, their education level is higher, and they use information and
communication tools more effectively. It is necessary to inform the farmers about the optimum use of inputs.
In addition, technical and economic information about maize production should be provided to the farmers and
a farmer training program should be organized on this issue. Thus, it will be possible to reduce the variable
costs used and to make effective use of the resources used. Young farmers should be given more place in
farmer training programs and effective and successful farms should be increased by training these farmers.
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