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Abstract: In this study was mainly aimed to determine an the energy efficiency analysis of cotton production
in Ad yaman province of Turkey, during the production season of 2014-2015. In order to determine the energy
input - output of cotton, at an enterprise producing cotton over an area of 50 decares located in a central village
in the province of Ad yaman. Agricultural input energies and output energies, used for the production of
cotton, were calculated to define the energy use efficiency. The energy input and output were calculated as
17,747.06 MJ ha  and 67,260 MJ ha  in cotton production. Energy inputs consist of chemical fertilizers energy1 1

by 5,350.74 MJ ha , irrigation energy by 4,252.50 MJ ha , machinery energy by 3,814.17 MJ ha , diesel fuel1 1 1

energy by 2,947.83 MJ ha , human labour energy by 1,128.12 and seed energy by 253.70 MJ ha . Energy usage1 1

efficiency, specific energy, energy productivity and net energy in cotton production were calculated as 3.79,
3.11 MJ kg , 0.32 kg MJ  and 49512.94 MJ ha , respectively.1 1 1

Key words: Adiyaman  Cotton  Energy efficiency  Energy productivity  Turkey

INTRODUCTION processing and distribution is significantly high. A

Cotton  (Gossypium  hirsutum  L.)  grown in the effective and efficient use are necessary for an improved
South-eastern Anatolian Region is one of the most agricultural production [6].
important agricultural crops for Turkey. The region has 3.2 Several researches have been conducted on energy
million ha of land fit for the culture of crops such as input-output analysis of agricultural products. Some of
cotton, cereal, lentil, corn, sesame and fruits [1]. these researches may be listed as those on the energy
Approximately 400,000 rural families in Turkey are usage activities of cotton [7], wheat [8], sugar beet [9],
involved in the cultivation of cotton, illustrating the barley [10]), chick pea [11], tobacco [12], corn [13], kiwi
economic and social significance of this crop. Cotton is [14], canola [15], sunflower [16], apple [17], watermelon
grown in four main regions including South-eastern and melon [18], rose [19], black carrot [20], strawberry [21],
Anatolia, Cukurova, Aegean and Antalya [2]. Agriculture cotton [22], garlic [23] etc. No any research related to the
is an important part of the Turkish economy; despite the energy balance of cotton plant production in Ad yaman
fact that the share of agriculture in the Turkish economy province has been contained in this study. Defining the
has tended to fall over a period of several decades, due to energy balance is the aim of this study.
the increase in industrial and services sectors. Agriculture
still accounts for a relatively larger share of total output MATERIALS AND METHODS
and employment than in many other countries [3].

Azizi and Heidari [4] reported that, “Energy In order to determine the energy input - output of
consumption per unit area in agriculture is directly related cotton, at an enterprise producing cotton over an area of
to the development of farming technology and the 50 decares located in a central village in the province of
production level. Energy use is one of the key indicators Ad yaman. Total energy input in unit area (ha) constitutes
for developing more sustainable agricultural practices [5]. each total of input energy. Human labour, machinery,
The amount of energy used in agricultural production, chemical  fertilizers,  diesel  fuel  and  seed were calculated

sufficient supply of the right amount of energy and its
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Table 1: Energy equivalents of inputs and outputs in cotton production.
Energy equivalent

Inputs and outputs Unit coefficient Sources
Inputs Unit Values
(MJ / unit) Sources
Human labour h 1.96 [28,29]
Machinery h 64.80 [30,31]
Chemical fertilizers
Nitrogen kg 60.60 [31]
Phosphorous kg 11.10 [31]
Potassium kg 6.70 [31]
Chemicals kg 101.20 [32]
Irrigation m 0.63 [32]3

Diesel fuel l 56.31 [31,33]
Seed kg 11.80 [32, 34]
Outputs Unit Values (MJ / unit) Sources
Cotton kg 11.80 [32, 34]

inputs. Cotton was calculated output. Following the
experiments and measures conducted at the cotton
facilities in Ad yaman province, energy input and output
values were defined. As energy inputs, human labour
energy, machinery energy, chemical fertilizers energy,
diesel fuel energy, irrigation energy and seed energy
values were taken into consideration. In the agricultural
production was given in Table 1, energy equivalents of
input and output were taken as energy values. Energy
efficiency calculations were made to determine the
productivity levels of cotton production. The units shown
in Table 1 were used to find out the input values in cotton
production. Input amounts were calculated and then these

input data were multiplied by the energy equivalent
coefficient. When determining the energy equivalent
coefficients, previous energy analysis sources were used.
By adding energy equivalents of all inputs in MJ unit, the
total energy equivalent was found. For example, in order
to determine the energy usage efficiency in wheat
production, Mohammadi et al. [5] reported that, “The
energy ratio (energy use efficiency), energy productivity,
specific energy and net energy were calculated by using
the following formulates [24, 25].

\Energy use efficiency = (1)

Specific energy = (2)

Energy productivity = (3)

Net energy = Energy output (MJ ha ) - Energy input (MJ1

ha ) (4)1

In the calculation of quantities of inputs used in
cotton production, the energy equivalences were given in
Table 1 were used. Quantities of inputs were calculated in
accordance  with  the  area  (hectare)  and  then  they were

Table 2: Energy input - output analysis in cotton production
Inputs Unit Energy equivalent (MJ / unit) Input used per hectare (unit ha ) Energy value (MJ ha ) Rate (%)1 1

Human labour h 1.96 575.58 1128.12 6.36
Land preparation h 1.96 14.17 27.77
Planting h 1.96 3.23 6.33
Hoeing h 1.96 19.50 38.22
Fertilization h 1.96 31.06 60.88
Spraying h 1.96 22.80 44.68
Irrigation h 1.96 66.82 130.96
Harvesting h 1.96 413.25 809.97
Transporting h 1.96 4.75 9.31
Machinery h 64.80 58.86 3814.17 21.49
Land prepartion h 64.80 14.17 918.26
Planting h 64.80 1.61 104.33
Fertilization h 64.80 15.53 1006.34
Spraying h 64.80 22.80 1477.44
Transporting h 64.80 4.75 307.80
Chemical fertilizers kg 107.90 5350.74 30.15
Nitrogen kg 60.60 83.90 5084.34
Phosphorous kg 11.10 24 266.40
Irrigation m 0.63 6750 4252.50 23.963

Diesel fuel l 56.31 52.35 2947.83 16.61
Seed kg 11.80 21.50 253.70 1.43
Total inputs 17747.06 100
Outputs Unit Energy equivalent (MJ / unit) Output per hectare (unit ha ) Energy value (MJ ha ) Rate (%)1 1

Cotton kg 11.80 5700 67260 100
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Table 3: Energy input-output and efficiency calculations in cotton production Table 4: Energy input in the form of direct and direct renewable and non-
Calculations Unit Values
Cotton kg ha 57001

Energy input MJ ha 17747.061

Energy output MJ ha 672601

Energy use efficiency 3.79
Specific energy MJ kg 3.111

Energy productivity kg MJ 0.321

Net energy MJ ha 49512.941

multiplied with the equivalence of these inputs. Resources
of previous researches were used when determining the
coefficients of energy equivalence. Cotton input - output
values were assessed and the calculations were given in
Table  2.  Kocturk  and  Engindeniz [26] reported that;
“The input energy  can  also  be  classified  into  direct
and  indirect and renewable and non-renewable forms.
The indirect energy consists of pesticide and fertilizer
while the direct energy includes human and animal power,
diesel and  electricity  energy  used in the production
process. On the other hand, non-renewable energy
includes petrol, diesel, electricity, chemicals, fertilizers,
machinery, while renewable energy consists of human and
animal labour [24, 27]. Energy input - output and
efficiency calculations in cotton production was given in
Table 3.

RESULTS AND DISCUSSION

During the studies in the farm, the amount of cotton
produced per hectare during the 2014-2015 production
seasons was calculated as an average of 5,700 kg. The
energy output - input analysis of cotton production
related to this study were provided in Table 2. It can be
seen from these tables that the first, second and third
highest energy inputs in cotton production are chemical
fertilizers energy by 30.15%, irrigation energy by 23.96%,
machinery energy by 21.49%. If the average values are
examined by referring to Table 2, it can be seen that the
highest energy inputs in cotton production are chemical
fertilizers energy by 5,350.74 MJ ha  (30.15%), irrigation1

energy 4,252.50 MJ ha  (23.96%), machinery energy by1

3,814.17 MJ ha  (21.49%), diesel fuel energy by 2947.831

MJ ha  (16.63%), human labour energy by 1,128.121

(6.36%) and seed energy by 253.70 MJ ha (1.43%).-1

In previous studies, [16], concluded in his sunflower
study that the fertilizer application energy had the biggest
share by 9707.20 MJ ha  (51.28%), [35, 36, 37] concluded1

in their cotton studies that the fertilizer application energy
had the biggest non-renewable energy, [38] concluded in
his sugar beet study that the  fertilizer  application  energy

renewable energy for cotton production
Type of energy Energy input (MJ ha ) Ratio (%)1

Direct energy 8328.45 46.92a

Indirect energy 9418.61 53.08b

Total 17747.06 100
Renewable energy 5634.32 31.74c

Non-renewable energy 12112.74 68.36d

Total 17747.06 100
Includes human labour, diesel and irrigation;  Includes seed, chemicala b

fertilizers and machinery; 
Includes human labour, irrigation and seed; Includes diesel, chemicalc  d

fertilizers and machinery.

had the biggest share by 16,879.59 MJ ha  (42.53%) and1

[10], conclude in their barley study the fertilizer
application energy had the biggest share by 10,055.92 MJ
ha  (59.33%). In this study, fertilizer application energy1

had the biggest share by 39.65%.
As can be seen from Table 2, human labour energy

input was calculated 1,128.12 MJ ha . Human labour1

energy was used for tractor and farm operations such as
land preparation, planting, fertilization, spraying and
transportation. Diesel energy input was calculated as
2947.83 MJ ha . The amount of chemical fertilizers used1

for cotton production was 107.90 kg ha . Cotton, energy1

input, energy output, energy use efficiency, specific
energy, energy productivity and net energy in cotton
production were calculated as 5,700 kg ha , 17,747.06 MJ1

ha , 67,260 MJ ha , 3.79, 3.11 MJ kg , 0.32 kg MJ  and1 1 1 1

49,512.94 MJ ha , respectively.1

The distribution of inputs, used in the production of
cotton, in accordance with the direct, indirect, renewable
and non-renewable energy groups were given in Table 4.
As can be seen from Table 4, the total energy input
consumed in cotton production could be classified as
46.92% direct and 53.08% indirect. Similarly, in previous
studies it was concluded that the ratio of indirect energy
is higher than the ratio of direct energy in barley [4], sugar
beet [9], barley [10], tobacco [12] canola [15], watermelon
and melon [18], grape [39], wheat [40]. As can be seen
from Table 4, the total energy input consumed in cotton
production could be classified as 31.74% renewable and
68.36% non-renewable. Similarly, it was concluded that
the ratio of non-renewable energy is higher than the ratio
of renewable energy in barley [4, 10], sugar beet [9],
tobacco [12], cotton [35, 36, 37], maize [41] and wheat [42].

CONCLUSIONS

The  research  results  indicate  that  the   ratio of
non-renewable   energy    is    higher    than    the   ratio  of



Am-Euras. J. Agric. & Environ. Sci., 16 (2): 229-233, 2016

232

renewable energy and the ratio of indirect energy is higher 9. Baran, M.F. and O. Gokdogan, 2015. Determination of
than ratio of the direct energy. Farm fertilizers can also be
used  in  cotton  production,  instead  of chemical
fertilizers, which make up an important part of the inputs.
Eryilmaz et al. [43] reported that, “The importance of
energy increases each day, as fossil fuels have a limited
period  of  usage  and  renewable energy resources are
eco-friendly and sustainable energy systems”.

For example, Tipi et al. [3], reported that; “The use of
renewable energy is very low, indicating wheat
production depends mainly on fossil fuels. Continually
rising fossil fuel prices have necessitated more efficient
use of diesel, chemicals and fertilizers for wheat
production”. Similarly, these conclusions should also be
taken into account in cotton production.
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