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Introduction

Agriculture plays a dual role in the energy sector meaning that it acts both as a source of raw material for
bioenergy production and as a major consumer of energy, particularly in the processes of planting, cultivation and
harvesting, transportation, processing, and storage of agricultural products. Among the numerous challenges facing
the agricultural sector, optimizing energy or input consumption is of paramount importance. These key inputs play
a crucial role in ensuring food security and economic stability for the country. One of the most important
agricultural development programs in the country should be to increase efficiency of energy consumption in the
agricultural sector. In Iran, approximately 9.2 million hectares have been equipped with modern irrigation systems
(pressure system) which has increased the water productivity index from 0.87 kg m in 2014 to 0.32 kg m= in
2014. Accordingly, it is predicted to reach 0.60 kg m™ hectares until 2025. The Dehgolan Plain, located in the east
of Sanandaj city, has an area of 84,982 square kilometers. Groundwater is the only source of water for agriculture
in the region. Due to the annual decrease in the groundwater level, energy consumption for water extraction has
increased. Common irrigation systems in the region's farms include fixed-mobile sprinkler classic rain irrigation
systems, center pivot, and lateral roll. Thus, it seems necessary to evaluate the energy productivity and efficiency
indexes in the mentioned plain. The main objective of this study is to evaluate the energy consumption indexes of
wheat in farms under fixed-mobile sprinkler classic and Willet rain irrigation systems.

Materials and Methods

This study was conducted in the farms of Dehgolan plains where the energy consumption trend of input factors
in two irrigation systems was investigated. All information related to input factors and working hours of
machinery, agricultural equipment, and manpower was recorded at the end of the cropping season 1400-1401
through filling out questionnaires. The studied farms in this research were all under dry wheat cultivation and
equipped with two rain irrigation systems, system 1 (fixed-mobile sprinkler classic) and system 2 (Wheel move
irrigation). The required input factors for wheat production in each hectare were determined. The amount of
different input factors for conversion to energy standard was calculated using energy coefficients and equivalents.
As a result, energy productivity, energy use efficiency, specific energy, and net energy indexes were used to
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investigate the energy consumption trend of wheat in the two mentioned irrigation systems.

Results and Discussion

The results of this study showed that the total input energy for wheat production in systems (1) and (2) was
85943.97 and 69189.04 MJ ha’l, respectively and energy consumption in the Willet rain irrigation system was
higher than in the fixed-mobile sprinkler classic rain irrigation system due to the high consumption of electricity
and irrigation water. The electricity consumption in both systems accounted for the highest energy consumption.
Moreover, the energy productivity and efficiency of the two systems were almost equal as well as the net energy
of irrigation system (1) and irrigation system (2) was 41510.96 and 64156.03 MJ ha, respectively.

Conclusion

In conclusion, this study focuses on evaluating the energy trends in rain irrigation systems used in dry wheat
farms in the Dehgolan plains, Kurdistan province, Iran. In this study, the energy indexes of wheat in smallholder
farmers' farms in Dehgolan plain, Kurdistan province, were evaluated. The studied farms were categorized into
two groups, system (1) (fixed-mobile sprinkler classic rain irrigation system) and irrigation system (2) (Willet rain
irrigation system), the energy source of which was electricity for both systems. At the end of the cropping season,
the total amount of input and output factors were collected by filling out questionnaires in person, and to validate
the amount of electricity consumption, its amount was obtained from the Dehgolan Electricity Company. The
results of the research showed that the energy consumption per unit of wheat production in the Willet irrigation
system was higher than in the fixed-mobile sprinkler classic irrigation system. This difference was due to the
higher consumption of electricity and irrigation water in the Willet irrigation system. The energy productivity and
efficiency indexes were almost equal in both systems. Eventually, the net energy of the fixed-mobile sprinkler
classic irrigation system was higher than that of the Willet irrigation system.
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Table 1- Energy equivalence for input and output entities

oaili b odld 5551 el &3 Jolre &
Entities energy Unit  Megajoule per unit References
83929 036 551 (S
A) Input entities energy
e s hr 1.96 Singh et al., 2002; Yilmaz et al., 2005
Human labor
951y kg 138 Kitani, 1999
Tractor
[P N
“"_”u kg 62.70 Kitani, 1999
Machinery
ol kg 116 Kitani, 1999
Combine
S8 o9 lt 56.31 Singh et al., 2002
Diesel fuel
ey b’f_ ) kg 66.14 Esengun et al., 2007; Yilmaz et al., 2005
Nitrogen fertilizer
wlins 395_ . kg 12.44 Esengun et al., 2007; Yilmaz et al., 2005
Phosphate fertilizer
by >’_§_ kg 11.15 Esengun et al., 2007; Yilmaz et al., 2005
Potash fertilizer
il
o kg 0.30 Asgharipour et al., 2012
Animal manure
S 7,
o @ kg 92 Asgharipour et al., 2012
Fungicide
"“Sdk kg 238 Asgharipour et al., 2012
Herbicide
“"“§°)“> kg 199 Asgharipour et al., 2012
Insecticide
(] .
) d)_LH i m3 1.02 Asgharipour et al., 2012
Irrigation water
Electricity consumption  Kwh 11.93 Burhan et al., 2004
_ o 5 kg 14.70 BeheshtiTabar et al., 2010
Irrigated wheat seeds
w295 ol 5l (@
B) Output entities energy
T sus
s kg 14.70 Burhan et al., 2004
Irrigated wheat
SHS 5o kg 1250 Burhan et al., 2004; Singh & Mittal, 1992
Wheat straw and stubble
L s MhaTh s Mhah
op9 iyl = (¥) Sopl s = ———————

e 3,Slos (Kg ha™ )

oAb 55 = 2ap 5IMJ ha™h) = 9,5 5551 (Mj ha™?) (¥)

Srae $ipl g =

3959 55 (Mj ha™1)

Jsasme 3,Slos (Kg ha™")

3959 &35 (Mj ha™h)
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(v)



VP ¥ Wil gy o 0louds KA wler (S g O @ i

4.

(682 ;5 Jg5i8e) O oS Jgazmo sdgi (15 (8 e (G035 (5551 S pae oo - Jgux
Table 2- Energy Consumption of Inputs for Irrigated Wheat Production (MJ ha*)

o pE
Wodls (555! Irrigated wheat
Energy inputs ) ablw Y ablw
System 1  System 2
53959
Inputs
e s 35868 7859
Human labor
osdle 173740 1895
Machinery
S5 9009.60  11543.55
Fuel
Rkl 16535 13228
Nitrogen fertilizer
S 1866 1866
Phosphorus fertilizer
i 0 0
Potassium fertilizer
S35 35 0 0
Sulfur fertilizer
9550 (5dgS 0 0
Micronutrient fertilizers
e 6000 9000
Manure
"Sdl; 357 238
Herbicide
Sk 92 92
Fungicide
oo 20850 29850
Insecticide
sk 4851 4851
Seed used
et 5 23518.90 3481253
Electricity
d)tr.-.’" 9"
L 4564.95 6056.60
Irrigation water
<3929 S3A 69189.04 85943.97
Total input energy
b >g 5
Outputs
(PR PY
o pas e 88200 117600
Irrigated wheat grain
g o8 22500 32500
Straw and stubble
ot i 110700 150100

Total output energy
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Figure 1- Contribution of each input to irrigated wheat production in system (1) and system (2)
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Table 3- Relationships between Input and Output Energies in Irrigated Wheat Production

Energy type unit  System (1) System (2)
55 o - 1.60 1.75
Energy efficiency
o} 5yl
Ry S35 MJ kgt 11.53 10.74
Specific energy
59l o
SiP Sy Rﬁ _ Kg MJ! 0.087 0.093
Energy productivity
AL 5yl MJha! 4151096  64156.03
Net energy
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Table 4- Relationships between Input and Output Energies in Irrigated Wheat Production

il &9 asly ) wbolw Y alolw
Energy type Unit  System (1) System (2)
s (550 Mihal 1393323  17678.73

Direct energy

oriannd p1 & (£ MJ ha-l

Indirect energy

)’J‘f-b-\"-’ LS))’I MJ ha-l

Renewable energy
JIRHIIRCS PSS
Non-renewable energy

MJ hal

55255.80 68265.24

5209.68 4929.58

63979.36 81014.38
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