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Table 1- Energy equivalent of inputs and outputs in Pistachio production in Zarand county, Kerman
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Particulars Unit g)EMqJ) Reference
SS)E sx (hr) cels 1.96 Mohammadi et al. (2008)
Human labor
Q\”Mh .
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Machinery (hr) Singh, 2002
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Fungicide (Copper oxychloride) (ko) p.55ks Mohammadi et al. (2008)
(&gSTL) iSaale Ka) - .
i 238 .
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Water for irrigation (M) o ' Acaroglu (1998)
’SJ | cele lysls 3.6 Mohammadi et al. (2008)
Electricity (kW hr)
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Table 2- Total energies input and output in pistachio production in 2010 at Zarand county, lran
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Inputs and outputs Quantity per hectare (MJ)
(‘-"“LM‘) LS)f)L{ S9y 656
Human labor (hr)
(cels) oY pesle 60
Machinery (hr)
Fossil fuel (Diesel) (L)
(F;?LS) Lm; 650
Fertilizers (kg)
(F;?LS) °)5‘ >95 250
Urea (kg)
(l’)f?l"s) J“)"-’L"““Bﬁw 39§ 400
Triple super phosphate (kg)
(l’)f?l*s) [ aand 40
Biocide (kg)
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Pesticide (Actara) (kg)
(l’)f?l"s) (u‘“’ 985 L;“SD Sl 10
Fungicide (Copper oxychloride) (kg)
(F;?LS) Q‘;‘)L* u“f‘—d‘ 20
Herbicide (Parquet) (kg)
(oo sl I 7560
Water for irrigation (m>)
Electricity (k W hr)
3959 38 I
Total energy input

Yield (kg)

(Js51%e) ;U 1 (a0 (55,51, lke SR § o ys
Total energy equivalent (MJ)  Percentage of total energy
1481.76 1.24
3762 3.15
24776.4 20.74
23490 19.66
15150 12.68
4440 371
7670 6.42
1990 1.66
920 0.77
4760 3.98
7711.2 6.45
54432 45,57
119423.36 100
40950
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Table 3- Total energy input in the form of direct, indirect, renewable energy and energy input—output ratio in Pistacia vera
production in Zarand county

bgad L (MJ. ha'") Jisa ;5 Jg5e
Indices
a .. a ‘
f"‘“‘”“’ &or . 88401.36
Direct energy
b .. s e
el s)f‘b 27260
Indirect energy
c . . a e
e 655 . 9192.96
Renewable energy
d .
boass  e5 )
RNERAS Gy s 114130.4
Non-renewable energy
8299 555 Jf 119423.36
Total energy input
(3% 2 p)55kS) 651 Bpao T 0.34
Energy use efficiency (kg.MJ™)
il oo 0.012
Energy productivity
oAk 5y -78473.36
Net energy

ST (SIS i cile (NPK) (pliond 355 Jos paituns b (5551 =D stloign el o 5 st iU (i 900 (558 (55565 Jolis patvs (5551 0
g S b g0 Jals piglbnnaog (6531 =0 aile )l T g (65508 55 Jali pianiog (6551 -C tlion (e 1318 108) (25 58  (1)ST)
Al I gndle (e s5S 305 5 6 (1) Sl (lgshl) 25 e NPK) (pliost cslosys
a- Direct energy including human labor, diesel, electricity and water for irrigation. b- Indirect energy including chemical fertilizers
(NPK), herbicide (Paraquat), pesticide (Actara) and fungicide (Copper oxychloride). c- Renewable energy including human labor and

water for irrigation. d- Non-renewable energy including diesel fuel, electricity, chemical fertilizers (NPK), herbicide (Paraquat),
pesticide (Actara), fungicide (CSopper oxychloride) and machinery.
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Table 4- Economic analysis of Pistacia vera production in Zarand county, Iran
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Human labor (hr)
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Machinery (hr)
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Urea (kg)
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Triple super phosphate (kg)
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Pesticide (Actara) (kg)
(pS9S) o 198 81 2526
Fungicide (Copper oxychloride) 10 80000 800000
(kg)
(4s554) (2As1) isile 20 80000 1600000
Herbicide (Parquet) (kg)
. e ) G 7560 4500 34020000
Water for irrigation (m®)
(el Slyols) a5 15120 80 1209600
Electricity (k W hr)
S5 22 S 57469600
Total cost input
oAl 29 1500 80000 120000000
Gross benefit
ol 29 62530400
Net benefit
s 45 ol oMol (55002 555 p0 SO Culus Sl niad IS
* All of prices were obtained from website of central bank of the Islamic republic of Iran.
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Introduction

Pistachio (Pistacia vera L.) is one of the most important export crops of Iran which has an important role in
non-petroleum exports and has over $800 million benefit per year. However, production of this crop faces many
problems in main production centers, especially in energy efficiency and productivity. The pistachio is a native
crop of Iran and Syria. The major producers of pistachio are Iran 55%, America 20%, Turkey 10%, Syria 9% and
the other countries with 6%. Iran is the major producer of pistachio in the world with more than 60 % of global
exports. Kerman Province with more than 270,000 ha under cultivation produces 77 percent of this crop.
Moreover, Zarand county with more than 45,000 ha under cultivation plays a major role in the production of
pistachio.

Energy flow is one of the topics of agro-ecology in the world and energy output to input ratio is calculated in
various agro-ecosystems. One of the indicators of agricultural development is energy flow. So, different studies
in the world have been done to evaluate the energy efficiency in the agro-ecosystems. Studies on apricot
(Armeniaca vulgris Lam.) showed that energy efficiency can increase with appropriate management practices
with minimum dependence on non-renewable energies.

Energy consumption is divided into two parts in agriculture: direct and indirect energy. Direct energy is the
fuel, machinery, electricity, energy required for cooling, heating, and lighting. Indirect energy includes the
energy used in the production of fertilizers, seed production, machinery, and pesticides. Energy efficiency is an
important factor in increasing productivity, especially in agricultural economy of developing countries.
Although, many studies have been carried out on energy consumption in the agricultural systems, the analysis of
the energy input required to produce pistachio is very low.

Therefore, the objectives of the present study were to determine the input and output energy rates, energy use
efficiency, and other energy-related factors in the production of pistachio in Zarand county of Kerman province.

Materials and methods

This research was conducted in the spring of 2011 in the county of Zarand. Zarand is located in the
northwestern province of Kerman. In this study, some producers were selected and primary information was
collected using questionnaire directly. All data (input and output) were converted to energy equivalent quantities
and then energy efficiency was calculated. Random sampling was done in gardens within whole population and
sample size was determined by Ozkan et al. (2004):

Nox5txt!

TN —Ddl+s2x £

Where n is the required sample size, N is the number of holdings in target population, s: standard deviation, t
is the reliability coefficient (1.96 which represents the 95% reliability) and d is permissible error (5%).

Basic information on energy inputs and pistachio production were transferred into Excel spreadsheets, and
analyzed. Based on the energy equivalents of the inputs and output (Table 1), the energy ratio or energy use
efficiency, energy productivity and net energy were calculated:

1 and 2- Higher Educational Complex of Saravan, Department of Plant Production, Faculty of Agriculture and
professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran,
respectively.

(*- Corresponding author Email: amiriseyedreza86@gmail.com)
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Energy efficiency= Energy input (MJ. ha®) / energy output (MJ. ha®)
Energy productivity= Energy input (MJ. ha™) / pistachio production (kg. ha™)
Net energy= Energy input (MJ. ha™) - Power output (MJ. ha™)

Results and discussion

The results showed that total input energy for Pistacia vera L. production was 119423 MJ. ha™, whereas total
output energy was 40950 MJ. ha™. Energy efficiency, energy productivity, and net energy were 0.34, 0.012
kg.MJ™* and -78474 MJ.ha, respectively. The highest input energies were related to electricity (45%) and fossil
fuels (20%) which had the highest effect on decreasing energy efficiency. Economically, the total cost of
Pistacia vera L. production per hectare was 57469600 and the net benefit was 6253040 Rials.

Conclusion
It was concluded that extending proper agricultural management and sustainable exploration of natural
resources can enhance energy consumption efficiency in Pistacia vera L. production. Moreover, due to the
shortage water and the critical situation of the aquifers in this region, city regional water management should

consider measures to reduce water consumption and improve the distribution of water between the farmers to
help the sustainability of the aquifers and more efficient production.

Keywords: Energy efficiency, Input, Net energy, Productivity, Renewable energy

References

Ozkan, B., Kurklu, A., and Akcaoz, H. 2004. An input—output energy analysis in greenhouse vegetable
production: A case study for Antalya region of Turkey. Biomass Bioenergy 26: 189-95.



