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Abstract The aim of this study is to reveal the energy bal-
ance of walnut in Central Anatolian Region in Turkey. This
study has been conducted at the walnut cultivating facili-
ties during the 2014–2015 production season in Kırşehir,
Konya, Nevşehir and Niğde provinces of Central Anatolian
Region in Turkey, where walnut cultivation is intense. In
the study, a total of 28 walnut cultivation facilities, yielding
walnut, have been selected through Neyman method and
surveys and observations have been performed in these fa-
cilities. The agricultural input energies and output energies
used in walnut cultivation have been calculated to define
the energy use efficiency. According to the study findings,
the energy inputs in walnut cultivation are calculated re-
spectively 17,851.33MJ ha–1 (74.40%) chemical fertilizer
energy, 2229.87MJ ha–1 (9.29%) fuel energy, 1640.64MJ
ha–1 (6.83%) irrigation water energy, 1539MJ ha–1 (6.41%)
machine energy, 508.02MJ ha–1 (%2.11) chemical energy,
180.35MJ ha–1 (0.75%) human labour energy and 43.33MJ
ha–1 (0.18%) farm manure energy. Production outputs have
been calculated as 14,679.52MJ ha–1. Following the en-
ergy calculations, the output/input ratio, specific energy,
energy efficiency and net energy calculations have been
calculated respectively as 0.61, 30.20MJ kg–1, 0.03 kg MJ–1

and –9313.02MJ ha–1. Benefit-cost ratio was calculated as
1.88, by dividing the gross value of production by the total
cost of production per hectare in walnut production.
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Introduction

Gündoğmuş (2013) reported that, “Turkey is ranked third
in the world after China and the USA in walnut produc-
tion (FAO 2011). The annual production of walnut was
about 177,000 tons in Turkey and the harvested land area
was 86,000 ha in 2009. Walnuts do not only supply healthy
fatty acids and high calorie, they are also rich in vitamins
and minerals which help us to stay healthy (Koyuncu et al.
2004)”. Walnut is a type of fruit that has been known and
produced for a long time. Walnut’s fruit is among the hard
shelled nuts family. Walnut is a valuable nutrition source
that can substitute animal protein sources and it contains
high levels of unsaturated fatty acidic contents. It is rich
in many vitamins containing thiamine, vitamin B6, folacin
as well as iron, zinc, copper, magnesium, phosphor and
potassium. Walnut does not contain cholesterol and its un-
saturated fat rate is high. It is also highly rich in linoleic
acid and linolenic acid which are required for a health life
(Haskınacı 2003).

Various researches have been conducted on energy anal-
ysis of agricultural products. For example, researches have
been conducted on energy usage activities of walnut (Ba-
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Table 1 Energy equivalents in walnut production

Inputs and outputs Unit Energy equivalent
(MJ/unit)

Sources

Human labour h 1.96 Mani et al. 2007;
Karaağaç et al. 2011

Machinery h 64.80 Singh 2002; Kızılaslan 2009

Chemical fertilizers

Nitrogen kg 60.60 Singh 2002

Phosphorous kg 11.10 Singh 2002

Potassium kg 6.70 Singh 2002

Farmyard manure kg 0.30 Singh 2002

Chemicals kg 101.20 Yaldız et al. 1993

Diesel fuel l 56.31 Singh 2002; Demircan et al. 2006

Water of irrigation m3 4.20 Mrini et al. 2002; Mrini 1999

Outputs Unit Values (MJ/unit) Sources

Walnut kernel kg 26.15 Gündoğmuş, 2013;
Banaeian and Zangeneh 2011

Wooden shell kg 10 Gündoğmuş 2013;
Banaeian and Zangeneh 2011

naeian and Zangeneh 2011), walnut (Gündoğmuş 2013),
wheat (Marakoğlu and Çarman 2010), grape (Özkan et al.
2007), wheat (Çiçek et al. 2011), miscanthus x gigan-
teus (Acaroğlu and Aksoy 2005), maize (Konak et al.
2004), corn (Öztürk et al. 2006), black carrot (Çelik et al.
2010), sugar beet (Hacıseferoğulları et al. 2003), sunflower
(Uzunöz et al. 2008), cotton (Polat et al. 2006) etc. Al-
though many experimental works have been conducted on
energy use in agriculture, there is no study on the energy
and economic analysis of walnut production (Banaeian and
Zangeneh 2011). The number of studies on the energy
balance of walnut is highly limited in Turkey and in the
world. In this study, it is targeted to reveal the energy
balance and economic analysis of walnut.

Materials and Methods

In order to determine the energy balance of walnut, obser-
vations and surveys were done at walnut producing farms in
Kırşehir, Konya, Nevşehir and Niğde provinces. Observa-
tions and surveys were done in 28 walnut farms, in 2015 for
2014–2015 production seasons. Data were collected from
28 walnut farms in Kırşehir, Konya and Nevşehir and Niğde
provinces. Neyman method (Yamane 2001; İkiz and Demir-
can 2013) has been used for the selection of the farms. In
the study, a total of 28 walnut cultivation facilities, yielding
walnut, have been selected through Neyman method and
surveys and observations have been performed in these fa-
cilities. 7 gardens have been selected from each province,
all of which represent the relevant ecology. Walnut gardens
with a size of 10 decares and more have been taken into
consideration and surveys have been performed. By cal-

culating the agricultural input energies and output energies
used in walnut cultivation, the energy use efficiency has
been defined.

Total energy input in unit area (ha) constitutes the total
energy inputs. Human labour, machinery, chemical fer-
tilizers, farmyard manure, chemicals, irrigation water and
diesel fuel have been calculated as inputs. The units shown
in Table 1 were used to calculate the values of the inputs of
walnut production. Previous energy analysis studies were
used when determining the energy equivalent coefficients.
The total energy equivalent was found by adding energy
equivalents of all inputs in MJ unit. In order to determine
the energy usage efficiency in walnut production, Moham-
madi et al. (2010) reported that, “Energy use efficiency,
energy productivity, specific energy and net energy were
calculated by using the following formulates (Mandal et al.
2002; Mohammadi et al. 2008)”.

Energy use efficiency =
Energy output .MJ

ha /

Energy input .MJ
ha /

(1)

Energy productivity =
Walnut output . kgha /

Energy input .MJ
ha /

(2)

Specific energy =
Energy input .MJ

ha /

Walnut output . kgha /
(3)

Net energy =Energy output .MJ ha−1/−

Energy input .MJ ha−1/
(4)

For calculating the quantities of inputs used for walnut
production, the energy equivalences set forth in Table 1
were used. By considering the inputs, data analysis was
conducted by using Microsoft Excel program; before the
results were tabulated in Table 2 and related to walnut in-
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Table 2 Energy balance in walnut production

Inputs Unit Energy equivalent
(MJ/unit)

Input used per
hectare (unit ha–1)

Energy value (MJ
ha–1)

Ratio (%)

Human labour h 1.96 92.02 180.35 0.75

Machinery h 64.80 23.75 1539 6.41

Chemical fertilizers 17,851.33 74.40

Nitrogen kg 60.60 257.24 15,588.74 64.97

Phosphorous kg 11.10 194.38 2157.61 8.99

Potassium kg 6.70 15.67 104.98 0.44

Farmyard manure kg 0.30 144.44 43.33 0.18

Chemicals kg 101.20 5.02 508.02 2.11

Water of irrigation m3 4.20 390.63 1640.64 6.83

Diesel fuel l 56.31 39.60 2229.87 9.29

Total 23,992.54 100

Outputs Unit Energy equivalent
(MJ/unit)

Output per hectare
(unit ha–1)

Energy value
(MJ ha–1)

Ratio
(%)

Walnut kernel kg 26.15 417.06 10,906.12 74.29

Wooden shell kg 10 377.34 3773.40 25.71

Total 794.40 14,679.52 100

Table 3 Energy balance calculations in walnut production

Calculations Unit Values

Walnut kernel kg ha–1 417.06

Wooden shell kg ha–1 377.34

Energy input MJ ha–1 23,992.54

Energy output MJ ha–1 14,679.52

Energy use efficiency 0.61

Energy productivity kg MJ–1 0.03

Specific energy MJ kg -1 30.20

Net energy (–) MJ ha–1 9313.02

put-output values and the relevant calculations are provided
in Table 3. Koçtürk and Engindeniz (2009) reported that,
“The input energy is also classified into direct and indi-
rect, and renewable and non-renewable forms. The indirect
energy consists of pesticide and fertilizer, while the direct
energy includes human and animal labour, diesel and elec-
tricity used during the production process. On the other
hand, non-renewable energy includes patrol, diesel, elec-
tricity, chemicals, fertilizers, machinery, while renewable
energy consists of human and animal labour (Mandal et al.
2002; Singh et al. 2003)”. Energy inputs of walnut produc-
tion, in the form of direct and direct, as well as renewable
and non-renewable energy are given in Table 4.

Results and Discussion

During the studies in the walnut farms, the average amount
of walnut produced per hectare during the 2014–2015
production seasons was calculated as 794.40 kg. As it

can be seen in Table 1, the highest energy inputs in wal-
nut production are as follows: chemical fertilizers energy
by 17851.33MJ ha–1 (74.40%), diesel fuel energy by
2229.87MJ ha–1 (9.29%), water of irrigation energy by
1640.64MJ ha–1 (6.83%), machinery energy by 1539MJ
ha–1 (6.41%), chemicals energy by 508.02MJ ha–1 (2.11%),
human labour energy by 180.35MJ ha–1 (0.75%) and farm-
yard manure energy by 43.33MJ ha–1 (0.18%).

If we were to analyse the values in Table 2, the amount
of chemical fertilizers used for walnut production was
467.29 kg ha–1 (74.40%). In terms of walnut production,
it is noteworthy that chemical fertilizers were the highest
input. Similarly, in previous studies related to walnut pro-
duction, Gündoğmuş et al. (2013) calculated that the fer-
tilizer application energy had the biggest share by 46.70%
and Banaeian and Zangeneh (2011) calculated that the fer-
tilizer application energy had the biggest share by 41.50%.
Similarly, in previous studies related to agricultural pro-
duction, Kardoni et al. (2013) calculated that fertilizer
application energy had the biggest share by 41.50%. Baali
and Quwerkerk (2005) calculated that fertilizer application
energy had the biggest share by 62.90%, Çiçek et al. (2011)
calculated that fertilizer application energy had the biggest
share by 36.48%, Karaağaç (2011) calculated that fertilizer
application energy had the biggest share by 58.21%, Baran
and Gökdoğan (2014) calculated that fertilizer application
energy had the biggest share by 59.33% etc.

Walnut kernel, wooden shell energy input, energy out-
put, energy use efficiency, energy productivity, specific
energy and net energy in walnut production have been
calculated as 417.06 kg ha–1, 377.34 kg ha–1, 23992.54MJ
ha–1, 14679.52MJ ha–1, 0.61; 0.03 kg MJ–1; 30.20MJ kg–1
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Table 4 Energy input in the
form of energy for walnut pro-
duction

Walnut production Energy input (MJ ha–1) Ratio (%)

Direct energy a 4050.86 16.88

Indirect energy b 19,941.68 83.12

Total 23,992.54 100.00

Renewable energy c 1864.32 7.77

Non-renewable energy d 22,128.22 92.23

Total 23,992.54 100.00
a Includes human labour, diesel and water of irrigation
b Includes chemical fertilizers, chemicals, machinery and farmyard manure
c Includes human labour, water of irrigation and farmyard manure
d Includes diesel, chemicals, chemical fertilizers, machinery and transportation

Table 5 Net return and benefit-cost ratio of the walnut production

Cost and return components Value

Yield (kg ha–1) 794.40

Sale price (TL kg–1) 26

Gross value of production (TL ha–1) 20,654.40

Variable cost of production (TL ha–1) 8483.39

Fixed cost of production (TL ha–1) 2504.50

Total cost of production (TL ha–1) 10,987.89

Total cost of production (TL kg–1) 13.83

Gross return (TL ha–1) 12,171.01

Net return (TL ha–1) 9666.51

Benefit-cost ratio 1.88

1 US$ = 2.72 TL in 2015 (average)

and -9313.02MJ ha–1, respectively. In previous studies
related to walnut production, energy input, energy output,
energy use efficiency, energy productivity, specific energy
and net energy in walnut production have been calculated
as 15,196.10MJ ha–1, 44,454.60MJ ha–1, 2.90; 0.3 kg MJ–1;
3.40MJ kg–1 and 29,258.50MJ ha–1, respectively by Ba-
naeian and Zangeneh (2011). and energy input, energy
output, energy use efficiency, energy productivity, specific
energy and net energy in walnut production have been
calculated as 42,092.86MJ ha–1, 73,161.88MJ ha–1, 1.74;
0.11 kg MJ–1; 9.25MJ kg–1 and 31,069.04MJ ha–1, respec-
tively by Gündoğmuş (2013). One of the reasons for the
energy benefit/cost ratio to be low in this study is that
the chemical fertilizers, increasing energy input have been
reduced while the use of organic and farm manure has
been increased. By reducing the use of chemical fertilizers
and increasing the use of farm and organic manure, energy
benefit/cost ratio can be increased. The reason for low
energy ratio and low output ratio is the low level of yield.
And the reason for low yield level is associated with the
fact that varieties did not conform to the region, and the
abnormalities in climate. When we look at the amount
of plantation area, there is a significant increase, however,
despite these increase, there is no noteworthy increase in
the amount of trees or production level.

The distribution of inputs used for the production of wal-
nut, in accordance to direct, indirect, renewable, and non-re-
newable energy groups, is given in Table 4. The consumed
total energy input in walnut production could be classified
as 16.88% direct, 83.12% indirect, 7.77% renewable and
92.23% non-renewable. Similarly, in previous studies, wal-
nut (Banaeian and Zangeneh 2011), walnut (Gündoğmuş
2013), sweet cherry (Demircan et al. 2006), sugar beet
(Erdal et al. 2007), kiwifruit (Mohammadi et al. 2010),
potato (Mohammadi et al. 2008) and wheat (Tipi et al.
2009) etc. were noted to have a ratio where indirect energy
is higher than the ratio of direct energy. Similarly, walnut
(Banaeian and Zangeneh 2011), walnut (Gündoğmuş 2013),
sweet cherry (Demircan et al. 2006), sugar beet (Baran and
Gökdoğan 2016), black carrot (Çelik et al. 2010), wheat
(Tipi et al. 2009), lentil (Mirzaee et al. 2011), barley
(Baran and Gökdoğan 2014) etc. yielded results where the
ratio of non-renewable energy was higher than the ratio of
renewable energy.

Economic analysis of walnut production is given in Ta-
ble 5. The total cost of walnut production per kg was ex-
pressed in Turkish liras (TL), which was equal to 0.37 US
dollars (US$) in 2015 (on average). Demircan et al. (2006)
reported that, “The total figure was calculated by dividing
the total cost of walnut production per hectare by the walnut
yield per hectare. The net return was calculated by subtract-
ing the total cost of production per hectare (variable + fixed
cost) from the gross value of production”. The gross return
was found by subtracting the variable cost of production
per hectare (8483.39 TL ha–1) from the gross value of pro-
duction (20,654.40 TL ha–1), which yielded 12,171.01 TL
ha–1. In the study region, the profit margin per kg of walnut
(TL kg–1) was calculated as 12.17. According to these re-
sults, the net return from walnut production in the surveyed
farms was at a satisfying level. It can be concluded that the
net return of 1.88 TL was obtained per 1 TL invested, and
was a cost effective business based on the data of the 2015
production season.

In this study, the energy balance of walnut production
has been determined. According to the results, walnut pro-
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duction is not a profitable activity in terms of energy usage.
Because, the most important reason for having a low yield
per decare in the study areas is failing to select the right va-
riety for the ecology, and extreme climate conditions. And
as for inputs, it was caused by high non-renewable energy
inputs. Gündoğmuş (2013) reported that, “Optimization is
an important tool to maximize the amount of productivity
which can significantly impact the energy consumption and
production costs. Optimization of energy usage in agri-
cultural systems is achieved in two ways: an increase in
productivity with the existing level of energy inputs or con-
serving energy without affecting the productivity. Energy
management becomes more important when the energy re-
quired should be economical, sustainable and productive”.
According to the given economic analysis results, the net
return from walnut production, when compared to the total
cost of production in the walnut farms, was at a satisfactory
level. The benefit-cost ratio was calculated by dividing the
gross value of production by the total cost of production per
hectare, resulting in 1.88. Walnut production is a cost ef-
fective business based on the data from the 2015 production
season.

According to the results of the observation and surveys;
walnut producers have more awareness, compared to previ-
ous years, in terms of irrigation, plantation time, preparing
the plantation area for plantation and other similar issues.
However, there are deficiencies in terms of selecting the
right variety to conform to the local ecology, plant feed-
ing, trimming and cultivation, harvesting at the right time,
organized production, conscious control against diseases
and pests. As a suggestion; walnut cultivators need to be
properly informed on the variety characteristics so they can
select the right variety for the right ecology.

According to Göktolga et al. (2006), some of the benefits
desired to be obtained through energy input/output analysis
are summarized as: being able to determine whether energy
has been used effectively or not. Once this is determined,
then energy wastage will be prevented, as use of exces-
sive energy will be prevented, which in turn, will lower
the negative effects caused by environmental exposure of
excessive energy (fertilizer, pesticide, fuel, etc.). Demircan
et al. (2006) reported that, “Accurate fertilization manage-
ment, knowing the correct amount and frequency of fer-
tilization (especially nitrogen) (Kitani 1999) need to save
non-renewable energy sources without impairing the yield
or profitability, in order to improve the energy use efficiency
of sweet cherry production”. It is obvious that by abiding
to these suggestions yield and energy benefit/cost ratio will
increase in walnut cultivation.
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