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a b s t r a c t

In order to have sustainable development, it is necessary to manage energy use and greenhouse gases
(GHG) emission in all production processes. The aim of this study was to compare wheat production in
dryland and irrigated agroecosystems in terms of greenhouse gases (GHG) emission based on energy
consumption under different climatic regions. Data were collected from growers using a face-to-face
questionnaire during 2013. The results showed that total energy consumption in irrigated and dryland
wheat agroecosystems was 53082.9 and 15603.3 MJ ha−1, respectively. Energy use efficiency was 22.1%
higher in dryland wheat agroecosystem than irrigated wheat agroecosystem. Total GHG emission for
irrigated wheat agroecosystemwas 3184.4 kg CO2-eq ha−1 and 680.36 kg CO2-eq t−1 while it was 553.1 kg
CO2-eq ha−1 and 381.3 kg CO2-eq t−1 in dryland wheat agroecosystem. In irrigated wheat agroecosystem
the highest GHG emission was 3561.8 kg CO2-eq ha−1for arid–warm region and the lowest was 2832.6 kg
CO2-eq ha−1 for wet–moderate region. In dryland wheat agroecosystem the highest GHG emission was
584.2 kg CO2-eq ha−1 for wet–cold region and the lowest was 523.01 kg CO2-eq ha−1 for semiarid–warm
region. In irrigated wheat agroecosystem diesel fuel had the highest emission (46.9%), followed by
electricity (36.2%) and farmyardmanure (7.5%). In drylandwheat agroecosystem the highest share of GHG
emissions belonged to diesel fuels (75.8%),machinery (14.2%) and chemical fertilizers (8.5%), respectively.

© 2017 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The enormous greenhouse gases (GHG) emission, especially
carbon dioxide (CO2), produced by human activities and their in-
fluence on climate conditions became a major ecological and po-
litical challenge. Concentration of GHG in atmosphere increased
quickly over the past decades. For example, CO2 concentration had
risen to 380 ppm in 2006 compared to 280 ppm in 1700 (IPCC,
2007). If the increasing trend of GHG emission continues, there
is the possibility of huge climate changes in the future (Timmer-
mann et al., 1999). Although, details of predictions are a subject
for argue, due to uncertainty in climate projections, most scien-
tific societies agree that increasing of temperature has consider-
able negative impacts on human developments and natural and
agricultural ecosystems (Fischlin and Midgeley, 2007). Neverthe-
less, it is believed that these occurrences can be avoided with sig-
nificant decreases in GHG emission (Meinshausen et al., 2009). It is
therefore important to realize GHG emissions from various actions
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and resources in production systems to recognize potential areas
for emissions reductions.

Climate change and air pollution are major environmental con-
cerns related to use of fossil fuel energy. Furthermore, considering
that fossil fuel energy is a limited resource, it has to be conserved
for future generations by efficient use in energy. Agricultural pro-
duction systems and energy consumption have very closed re-
lation. Agriculture is an energy user and energy supplier (Alam
et al., 2005). Energy use in agricultural production systems has ele-
vated in response to increasing human population, limited supply
of arable land anddesire in improving standards of living (Banaeian
et al., 2011). Agriculture practices are a considerable contributor to
rising GHG level (Jones et al., 2012). The role of these practices is
about 20% of total anthropogenic GHG emission (IPCC, 2001). How-
ever, a pretty low percentage of agricultural emissions (13%) are
as CO2 while it contributed to about 60% of global anthropogenic
nitrous oxide (N2O) emissions and 50% of global anthropogenic
methane (CH4) emissions (Smith et al., 2007). Production, formu-
lation, storage, distribution of agricultural inputs and application
with tractorized equipment lead to consumption different source
of energy such as diesel fuel, which emits GHG into atmosphere.
Therefore, a reasonable first step for GHG emission reductions
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Fig. 1. Classification of different climatic regions for Kermanshah province (latitudes 33°42′ N and 35°17′ N and the longitudes 45°25′ E and 48°60′ E) based on DeMartonne
method.
in agroecosystems is quantify amount of emissions from specific
sources in production processes and identify the most economi-
cally sensible options for reduction of GHG emission (Jones et al.,
2012). To achieve these purposes, creation of available informa-
tion related to energy use in operations farm, and their exchange
to GHG equivalents and finally expressing energy use in terms of
GHG emission as kg carbon equivalent is very essential (Lal, 2004).

In Iran, the energy consumption in agricultural sector has been
recently questioned due to raise energy demand, costs and more
mechanized in various agricultural operations (Mohammadi et al.,
2014). Although, many studies have been conducted on the energy
consumption in different crops including wheat (Ghorbani et al.,
2011), sugar beet (Asgharipour et al., 2012), cotton and grain
corn (Zahedi et al., 2014, 2015), tomato (Rezvani-Moghaddam
et al., 2011), been, lintel, and chickpea (Koocheki et al., 2011) but,
few numbers of them have focused on GHG emission (e.g. sugar
beet Yousefi et al., 2014 and wheat Khoshnevisan et al., 2013b).
Whereas, the agricultural sector of Iran was done in various
climatic regions and soil environments, hence, it is very essential to
quantify energy consumption and GHG emission for each climatic
region.

One of the most crop in Iran is wheat which produced approx-
imately 12.4 million tons from a total area of 6.4 million ha (about
3.9 million ha of dryland wheat agroecosystem and 2.5 million
ha of irrigated wheat agroecosystem) in 2013 (MAJ, 2013). The
wheat production system is a major income source and an impor-
tant source of employment for many rural families. Therefore, the
objectives of present study were (i) to assess the total energy con-
sumed and the share of each energy sources, (ii) to evaluate energy
use efficiency and energy productivity, and finally (iii) to quantify
GHG emission according to energy inputs for irrigated and dryland
wheat agroecosystems in different climatic regions.

2. Materials and methods

2.1. Study location

The present study was conducted in Kermanshah province,
in the west of Iran, is located between the latitudes 33°42′ N
and 35°17′ N and the longitudes 45°25′ E and 48°60′ E. The av-
erage annual temperature and precipitation were 16.5 °C and
403 mm, respectively. In 2013, the wheat cultivating area in Ker-
manshah provincewas almost 547000 ha, including about 340000
and 207000 ha dryland and irrigated farms, respectively. In this
province, wheat production occurs with a range of different grow-
ing conditions. Therefore, based on information collected from
central meteorological station, different locations of Kermanshah
province were classified in five climatic regions based on De Mar-
tonne method (Fig. 1).

The details of the cultivated area for irrigated and dryland
wheat agroecosystems in each climatic region were collected
from Ministry of Jihad-E-Agriculture of Iran (MAJ, 2013). After
data collection, all agricultural activities such as land preparation,
seeding rate, irrigation water, chemical fertilizers, pesticides and
human labour needed in irrigated and dryland wheat farms were
separately determined.

2.2. Energy input and output

To quantify the relationship between irrigated and dryland
wheat yields and there energy consumptions and GHG emission,
data were collected from growers in each climatic region using
a face-to-face questionnaire during 2013. The sample size was
calculated according to Neyman method (Eq. (1)) (Yamane, 1967):

n =
N × S2

(N − 1)S2X + S2
(1)

where n is the required sample size, N is the population volume,
S is the standard deviation, SX S2h is the standard deviation of the
sample mean (SX = d/z), d is the permissible error in the sample
size, was defined to be 10% of the mean for a 95% confidence
interval, and z is the reliability coefficient (1.96, which represents
a 95% reliability). Based on above calculations, the sample size was
386 (186 and 200 for irrigated and dryland wheat agroecosystems,
respectively).

The data obtained from the questionnaires averaged and gen-
eralized to 1 ha. In order to estimate the energy inputs consumed
in wheat farms, human labour, machinery, diesel fuel, seeds,
farmyardmanure (FYM), chemical fertilizers (nitrogen, phosphate,
potassium and micro fertilizers), pesticides and herbicides (kg or
liter) amounts were multiplied by their energy equivalents (Ta-
ble 1).
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Table 1
Energy equivalents of inputs and outputs in wheat agroecosystems.

Items Unit Energy equivalent (MJ) References

A. Inputs
1. Human labour h 1.95 Taylor et al. (1993)
2. Machinery h 62.7 Alam et al. (2005)
3. Diesel fuel L 50.23 Taylor et al. (1993)
4. Chemical fertilizers

(a) Nitrogen kg 75.46 Taylor et al. (1993)
(b) Phosphate kg 13.07 Taylor et al. (1993)
(c) Potassium kg 15.11 Demircan et al. (2006)
(d) Micro kg 120 Taylor et al. (1993)

5. Farmyard manure (FYM) kg 0.3 Yilmaz et al. (2005) and Esengun et al. (2007)
6. Biocides

(a) Herbicide L 295 Mohammadi et al. (2014)
(b) Insecticide L 199 Taylor et al. (1993)
(c) Fungicide kg 181.9 Taylor et al. (1993)

7. Electricity kWh 3.6 Taylor et al. (1993)
8. Water for irrigation m3 0.63 Ozkan et al. (2004)
9. Seeds kg 20.1 Ozkan et al. (2004)

B. Outputs
(a) Grain yield kg 14.7 Ozkan et al. (2004)
(b) Straw yield kg 12.5 Ozkan et al. (2004)
Table 2
Definition of energy components consumed in wheat agroecosystems.

Parameters Definition Unit

Direct energy Human labour, Diesel fuel, Electricity, Irrigation water MJ ha−1

Indirect energy Machinery, Chemical fertilizers, Chemical pesticides, FYM, Seed MJ ha−1

Renewable energy Human labour, FYM, Seed, Irrigation water MJ ha−1

Non-renewable energy Machinery, Diesel fuel, Electricity, Chemical fertilizers, Chemical pesticides MJ ha−1
The energy outputs in wheat agroecosystems were grain and
straw yields. The grain yield usually was collected by harvesting
machines. The strawyield commonlywas collected by packingma-
chines and residues were returned to soil. In order to estimate the
energy outputs, the grain and straw yields were multiplied by en-
ergy equivalent (Table 1). In this study amount of input and output
energieswere reported in terms of (MJ) that its value is equal to 106

joules. Then energy indicators such as energy use efficiency, energy
productivity, specific energy and net energywere computed by the
following equations (Ghorbani et al., 2011; Demircan et al., 2006):

Energy-use efficiency =
Energy output (MJ ha−1)

Energy input (MJ ha−1)
(2)

Energy productivity =
crops output (Kg ha−1)

Energy input (MJ ha−1)
(3)

Specific Energy =
Energy input (MJ ha−1)

crops output (t ha−1)
(4)

Net Energy = Energy Output (MJ ha−1)

− Energy Input (MJ ha−1). (5)

Classification of consumed energy in agroecosystems can be
performed into two ways; 1: direct and indirect energies, and 2:
renewable and non-renewable energies. Each component of these
energy forms is given in Table 2 (Mohammadi et al., 2014). Surely,
the share of renewable energy in farming systems increases, the
system will enjoy the greater sustainability, on the other, raising
the share of energy supply from the internal system and declining
the relying on external energy will be high in the efficiency of
system (Kizilaslan, 2009).

2.3. Greenhouse gases emission

Emissions were expressed as CO2 equivalents (CO2-eq), which
considers the global warming potential of various emission forms
using a common unit (Jones et al., 2012). The CO2 emission
coefficients were used to estimate amounts of GHG emission from
inputs in irrigated and dryland wheat agroecosystems for each
climatic region (Table 3). The application of machinery (MJ), diesel
fuel (Liter), FYM (kg), chemical fertilizers (kg), biocides (kg) and
electricity (kWh) amounts were multiplied by their corresponding
emission coefficients. In addition, GHG emission per unit area (kg
CO2 equivalent per hectare), per unit weight (kg CO2 equivalent
per ton of wheat), per unit input and output energies (kg CO2
equivalent per MJ) were separately calculated.

3. Results and discussion

3.1. Energy input in irrigated and dryland wheat agroecosystems

The results indicated that average of total energy consumed
in various production processes in irrigated and dryland wheat
agroecosystems, regardless of climatic regions, were 53082.9 and
15 603.3MJ ha−1, respectively. Among all the production practices
in irrigated wheat, diesel fuels consumed was the most energy
consuming input (51.2%), followed by chemical fertilizers (14.9%),
electricity (10%), seed (9%), and water for irrigation (7.3%) (Table 4
and Fig. 2). In dryland wheat agroecosystem, diesel fuel (48.9%)
consumed the most energy of total energy input, followed by
seed (23.8%), chemical fertilizer (17.6%) and machinery (7.1%)
(Table 5 and Fig. 2). It seems that higher energy consumption in
irrigatedwheat agroecosystem than drylandwheat agroecosystem
was due to more use of diesel fuels and electricity for water
pumping process and more machinery utilization for land
preparation. Moreover, more seeds and nutrients consumption
due to higher plant density were other reasons. The results
also showed that irrigated wheat agroecosystem require more
human labour than dryland wheat agroecosystem (Tables 4 and
5). This is probably because of more operations during irrigated
wheat agroecosystem compare to dryland wheat agroecosystem.
Ghorbani et al. (2011) reported that total energy input for irrigated
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Table 3
The greenhouse gases emission coefficients (kg CO2-eq unit−1) of inputs.

Inputs Unit GHG coefficient Reference

1. Machinery MJ 0.071 Pishgar-Komleh et al. (2013)
2. Diesel fuel L 2.76 Khoshnevisan et al. (2013a,b)
3. Chemical fertilizers
(a) Nitrogen kg 1.3 Lal (2004)
(b) Phosphate kg 0.2 Lal (2004)
(c) Potassium kg 0.15 Lal (2004)

4. Farmyard manure (FYM) kg 0.126 Pishgar-Komleh et al. (2013)
5. Biocides
(a) Herbicides kg 6.3 Lal (2004)
(b) Insecticides kg 5.1 Lal (2004)
(c) Fungicides kg 3.9 Lal (2004)

6. Electricity kWh 0.78 Pishgar-Komleh et al. (2013)
Table 4
The energy inputs and outputs in irrigated wheat agroecosystem for different climatic regions (MJ ha−1).

Climatic regions
Wet–cold Wet–moderate Semiarid–cold Semiarid–warm Arid–warm Average

A. Inputs
1. Human labour 111.3 123.3 115.5 130.1 138.4 123.7
2. Machinery 1784.1 1946.2 2055.3 2272.2 2298.6 2071.3
3. Diesel fuel 24527.3 22747.7 28508.0 26797.7 33316.1 27179.4
4. Chemical
fertilizers

(a) Nitrogen 5138.1 6674.4 7844.1 6731.0 7393.6 6756.2
(b) Phosphate 546.2 703.8 629.4 586.8 619.3 617.1
(c) Potassium 224.4 271.2 365.3 295.4 251.6 281.6
(d) Micro 273.6 247.2 270.0 319.2 288.0 279.6

5. Farmyard
manure

430.0 150.0 793.7 714.2 739.8 565.5

6. Biocides
(a) Herbicide 755.2 846.1 566.4 740.5 699.2 721.5
(b) Insecticide 159.2 208.9 179.1 248.7 210.9 201.4
(c) Fungicide 254.7 363.8 327.4 345.6 291.1 316.5

7. Electricity 5629.7 5638.3 5724.7 4545.0 5034.9 5314.5
8. Irrigation water 3677.5 3604.3 3545.9 3846.6 4632.1 3861.3
9. Seeds 5012.9 4924.7 4594.9 4797.9 4636.3 4793.3
Total inputs 48524.2 48449.9 55519.7 52370.9 60549.9 53082.9

B. Outputs
1. Grain yield 79458.2 77158.8 84870.4 75822.6 47040.0 72870.0
2. Straw yield 89337.5 86022.5 89418.7 86506.2 67900.0 83837.0
Total outputs 168795.7 163181.1 174289.2 162328.8 114940.0 156707.0
Fig. 2. The share of important energy inputs from total energy input for irrigated and dryland wheat agroecosystems.
and dryland production systems in Northern Khorasan province of
Iran were 45367 and 9354 MJ ha−1, respectively. They indicated
that in irrigated wheat farms diesel fuel, chemical fertilizers and
electricity inputs were 10950.2, 16 843.1 and 4320.0 MJ ha−1,
respectively. Similar results were reported on another studies such
as sugar beet (Asgharipour et al., 2012) and irrigated and dryland
chickpea production systems (Koocheki et al., 2011).
The results also revealed that the highest and the lowest en-
ergy input in irrigated wheat agroecosystem were 60549.9 and
48 449.9 MJ ha−1 for arid–warm and wet–moderate climatic re-
gions, respectively (Table 4). From Table 4 it is evident that
the most energy-consuming input in the arid–warm climatic re-
gion compare to other climatic regions was water for irriga-
tion (33 316.1 MJ ha−1) and diesel fuel (4632.1 MJ ha−1). High
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Table 5
The energy inputs and outputs in dryland wheat agroecosystem for different climatic regions (MJ ha−1).

Climatic regions
Wet–cold Wet–moderate Semiarid–cold Semiarid–warm Arid–warm Average

A. Inputs
1. Human labour 35.3 32.3 31.5 37.7 35.1 34.4
2. Machinery 1058.4 971.2 1250.2 1162.4 1097.9 1108.1
3. Diesel fuel 8198.1 7810.3 6891.5 7797.7 7482.8 7636.1
4. Chemical
fertilizers

(a) Nitrogen 2579.9 2430.6 2514.3 2309.1 2384.5 2443.7
(b) Phosphate 352.6 327.7 302.1 242.8 350.4 315.1
(c) Potassium – – – – – –
(d) Micro – – 60.0 – – 12.0

5. Farmyard
manure

– – – – – –

6. Biocides
(a) Herbicide 197.6 53.1 111.5 161.4 161.4 117.7
(b) Insecticide 131.3 113.4 99.5 151.2 151.2 129.7
(c) Fungicide 36.4 90.9 134.6 90.9 90.9 96.1

7. Electricity – – – – – –
8. Irrigation water – – – – – –
9. Seed 3690.4 3511.5 3819.0 3853.8 3678.3 3710.6
Total inputs 16280.0 15341.0 15214.2 15807.0 15432.5 15614.9

B. Outputs
1. Grain yield – – 26452.6 26023.4 13754.9 22610.9
2. Straw yield 21907.4 24916.5 40348.7 44782.5 23200.0 37516.7
Total outputs 37545.0 41707.5 66801.3 70805.9 36954.9 60127.7
temperature and low precipitation in the arid–warm region cased
to farmers use greater water for irrigation operation, followed by
higher diesel fuel consumption for water pumping process.

In dryland agroecosystem, the highest and the lowest energy
input were 16280.0 and 15 214.2 MJ ha−1 for wet–cold and semi-
arid–cold climatic regions, respectively (Table 5). There is a direct
relation between precipitation and chemical fertilizer utilization in
the dryland agroecosystem. It could be the main reason for higher
chemical fertilizers consumption and finally diesel fuel usage for
fertilizers distribution by machine in the wet–cold climatic region
compare to other climatic regions (Table 5).

3.2. Energy output in irrigated and dryland wheat agroecosystems

Regardless of climatic regions, average of grain and straw yields
were 4957.1 and 6707.4 kg ha−1 in irrigated wheat agroecosys-
tem while in dryland wheat agroecosystem were 1538.2 and
3001.3 kg ha−1, respectively. The average of total energy output
in irrigated and dryland wheat agroecosystems were calculated
as 156707.0 and 60 127.7 MJ ha−1, respectively (Tables 4 and 5).
Because of more energy consumption in irrigated wheat agroe-
cosystem, total energy outputwas about 61.6% higher than dryland
wheat agroecosystem. In all climatic regions, the share of straw en-
ergy output was more than the share of grain energy output.

The results also revealed that the highest and the lowest energy
output in irrigated wheat agroecosystem were 174 289.2 MJ ha−1

(48.7% of grain energy and 51.3% of straw energy) and
114 940.0 MJ ha−1 (40.9% of grain energy and 59.1% of straw en-
ergy) in semiarid–cold and arid–warm climatic regions, respec-
tively (Table 4). In dryland wheat agroecosystem the highest and
the lowest energy output were 70 805.9 MJ ha−1 (36.7% of grain
energy and 63.2% of energy straw) and 36 954.9 MJ ha−1 (37.2% of
grain energy and 62.8% of straw energy) for semiarid–warm and
arid–warm climatic regions, respectively (Table 5).

3.3. Energy indices in irrigated and dryland wheat agroecosystems

Regardless of climatic regions, average of energy use efficiency
of 3.00 and 3.85 observed in this research showed that 3.00
and 3.85 times energy were produced per each unit of energy
used in irrigated and dryland wheat agroecosystems, respectively
(Table 6). In energy balances, the energy ratio is frequently used
as an index to evaluate energy efficiency in crop production
systems (Kuesters and Lammel, 1999). The average of energy use
efficiency in dryland wheat agroecosystemwas nearly 22.1% more
than irrigated wheat agroecosystem that showed dryland wheat
agroecosystem had produced higher output. On the other hands,
lower energy use efficiency in irrigated wheat agroecosystemmay
be due to higher energy consumption. In other researches, energy
ratio was studied on different crops (e.g. 3.4 for dryland wheat
production system and 1.4 for irrigated wheat production system
Ghorbani et al., 2011), 1.2 for irrigated chickpea production system
and 2.9 for dryland chickpea production system (Koocheki et al.,
2011) and 13.4 for sugar beet (Asgharipour et al., 2012). The
results also indicted that in irrigated wheat agroecosystem, the
highest and the lowest energy use efficiencywere 3.48 and 1.89 for
wet–cold and arid–warm climatic regions, respectively (Table 6).
In wet–cold climatic region compare to arid–warm climatic
region, total energy output was higher, and total energy input
was lower. Therefore, it could conclude that choose appropriate
environments for wheat production is very useful in sustainable
energy consumption.

The results of this study showed that average energy productiv-
ity in irrigated and dryland wheat agroecosystems were 0.098 and
0.092, respectively (Table 6). This means that 0.098 and 0.092 out-
puts were obtained per unit energy in irrigated and dryland wheat
agroecosystems, respectively (Table 6). Energy productivity in irri-
gated wheat agroecosystem under different climatic regions was
diverse. So that, the highest and the lowest energy productivity
were observed 0.11 and 0.05 in wet–cold and in arid–warm cli-
matic regions, respectively. In dryland wheat agroecosystem the
highest energy productivity (0.12) belonged to semiarid–cold cli-
mate region and the lowest (0.06) belonged to arid–warm cli-
mate region (Table 6). Energy productivity is a very important in-
dicator to evaluate crop production systems in terms of energy
consumption and energy output. High energy productivity indi-
cates more sustainable and lower energy consumption and conse-
quently higher security in agricultural production systems. Several
authors also obtained energy productivity for agricultural crops
production (e.g. Rezvani-Moghaddam et al., 2011; Koocheki et al.,
2011; Ghorbani et al., 2011).



42 F. Mondani et al. / Energy Reports 3 (2017) 37–45
Table 6
Total energy inputs in form of direct, indirect, renewable and non-renewable energies and energy indicators for irrigated and dryland wheat agroecosystems.

Climatic regions
Wet–cold Wet–moderate Semiarid–cold Semiarid–warm Arid–warm Average
Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland

Energy use efficiency 3.48 3.65 3.37 4.34 3.14 4.39 3.10 4.48 1.89 2.40 3.00 3.85
Specific energy
(MJ kg−1)

8.98 10.92 9.23 9.05 9.62 8.45 10.15 8.93 18.92 16.43 11.38 10.76

Energy productivity
(kg MJ−1)

0.11 0.09 0.10 0.11 0.11 0.12 0.09 0.11 0.05 0.06 0.092 0.098

Net energy (MJ ha−1) 120271.5 43172.4 114731.2 51283.0 118769.5 51587.1 109957.9 54998.9 54390.1 21580.8 103624.1 44524.4
Direct energy
(MJ ha−1)

33 945.8 8233.4 32113.6 7842.6 37894.1 6923.0 35319.4 7835.4 43121.5 7517.9 36478.9 7470.5

Indirect energy
(MJ ha−1)

14 578.4 8046.6 16336.3 7498.4 17625.6 8291.2 17086.6 7971.5 17428.4 7862.5 16611.1 7934.1

Renewable energy
(MJ ha−1)

9231.7 3725.7 8802.3 3543.8 9050.0 3850.5 9486.8 3891.5 10146.6 3713.4 9343.5 3745.0

Non-renewable
energy (MJ ha−1)

39 292.5 12554.3 39647.6 11797.2 46469.7 11363.7 42919.2 11915.4 50403.3 11667.0 43746.5 11859.5

Total energy inputs
(MJ ha−1)

48 524.2 16280.0 48449.9 16280.0 55519.7 16280.0 52370.9 15807.0 52370.9 15374.1 53082.9 15603.3
Fig. 3. The share of direct and indirect energy inputs and renewable andnon-renewable energy inputs from total energy input in irrigated anddrylandwheat agroecosystems.
Total energy input as direct, indirect, renewable, and non-
renewable forms is also revealed in Table 6. In all climatic re-
gions, the share of direct energy in irrigated wheat agroecosys-
tem was higher than dryland wheat agroecosystem (Table 6 and
Fig. 3). The share of direct energy in irrigated wheat agroecosys-
tem was about 68.7% (36 478.9 MJ ha−1) while it was about 48.5%
(7470.5 MJ ha−1) in dryland wheat agroecosystem (Fig. 3). These
findings may be due to do not use some energy resources such as
FYM, water of irrigation and electricity in dryland wheat agroe-
cosystem. Therefore, it seems that dryland wheat agroecosystem
compare to irrigated wheat farms were more sustainable agricul-
tural production systems.

Our finding also indicated that the share of renewable en-
ergy was higher in dryland wheat agroecosystem than irrigated
wheat agroecosystem (Table 6). Average of renewable and non-
renewable energies in irrigated wheat agroecosystemwere 9343.5
and 43 746.5 MJ ha−1, respectively, while they were 3745.0 and
11 859.5 MJ ha−1 in dryland wheat agroecosystem, respectively.
The share of renewable energy in dryland and irrigated wheat
agroecosystemswere 24.0% and 17.6% of total energy input (Fig. 3).
The excessive consumption of diesel fuel and electricity were the
main reason for higher level of non-renewable and direct ener-
gies than renewable and indirect energies in irrigatedwheat agroe-
cosystem. Mohammadi et al. (2014) reported that total input en-
ergy in wheat farms of Golestan province was 26.2 GJ ha−1, of
which the share of direct and indirect energies were 58.8% and
41.2%, respectively, and the share of non-renewable and renew-
able energies were 82.1% and 17.9%, respectively.
3.4. Greenhouse gases emission in irrigated and dryland wheat
agroecosystems

The results of GHG emission of surveyed irrigated and dryland
wheat agroecosystems in all climatic regions are presented in
Tables 7 and 8. The average of CO2 emission for irrigated wheat
agroecosystemwas 3184.4 kg CO2-eq ha−1 and 680.4 kg CO2-eq t−1

whereas it was 553.1 kg CO2-eq ha−1 and 381.3 kg CO2-eq t−1

for dryland wheat agroecosystem. It seems that higher energy
consumption in irrigated wheat farms compare to dryland wheat
agroecosystemwas themain reason of more CO2 emission. Among
all energy resources in irrigated wheat agroecosystem, diesel
fuels had the highest emission (46.9%), followed by electricity
(36.2%), FYM (7.5%), machinery (4.6%), chemical fertilizers (4.0%)
and biocides (0.8%) (Fig. 4). In dryland wheat agroecosystem, the
highest share of GHG emission belonged to diesel fuels (75.8%),
followed by machinery (14.2%), chemical fertilizers (8.5%) and
biocides (1.5%) (Fig. 5).

It can conclude that diesel fuel was the most important fac-
tor in increasing GHG emission in irrigated wheat agroecosys-
tem. Among various operations in irrigated wheat agroecosys-
tem, tillage operations are the largest contribute to using of diesel
fuel. Therefore, suitable methods such as removal or reduction of
summer fallow (a method of weed management), modify conven-
tional tillage system to minimum or no-tillage systems, tillage op-
erations when soil moisture content is in an appropriate state,
and finally chisel plow instead of conventional plow should be
taken to decrease diesel fuel consumption in wheat agroecosys-
tems (Dayer and Desjandins, 2003). The important of fossil energy
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Table 7
The greenhouse gases emission from energy inputs for irrigated and dryland wheat agroecosystems (kg CO2-eq ha−1).

Climatic regions
Wet–cold Wet–moderate Semiarid–cold Semiarid–warm Arid–warm Average
Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland

1. Machinery 126.7 75.1 138.2 69.0 145.9 88.8 161.3 82.5 163.2 77.9 147.1 78.7
2. Diesel fuel 1347.7 450.4 1249.7 429.2 1566.4 378.7 1472.46 428.3 1830.7 411.0 1493.4 419.5
3. Chemical fertilizers

(a) Nitrogen 88.5 44.4 114.9 41.9 135.1 43.3 116.0 39.8 127.3 41.1 116.3 42.1
(b) Phosphate 8.4 5.4 10.8 5.1 9.6 4.6 9.0 3.7 9.5 5.4 9.4 4.8
(c) Potassium 2.2 – 2.7 – 3.6 – 2.9 – 2.5 – 2.8 –

4. FYM 180.6 – 63.0 – 333.4 – 300.0 – 310.7 – 237.5 –
5. Biocides

(a) Herbicide 10.1 4.4 18.3 1.3 12.0 2.4 15.7 3.2 15.1 1.3 14.2 2.5
(b) Insecticide 4.1 3.6 5.6 3.1 4.6 2.5 6.6 4.1 5.6 4.1 5.3 3.5
(c) Fungicide 5.5 0.8 7.8 1.9 7.1 2.7 7.4 1.9 6.2 2.7 6.8 2.1

6. Electricity 1219.8 – 1221.6 – 1240.4 – 984.7 – 1090.9 – 1151.5 –
Total 2993.5 584.2 2832.6 551.3 3458.0 523.1 3076.2 563.6 3561.8 543.4 3184.4 553.1
Table 8
The greenhouse gases emission in different bases for irrigated and dryland wheat agroecosystems.

Parameters Climatic regions
Wet–cold Wet–moderate Semiarid–cold Semiarid–warm Arid–warm Avreage
Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland Irrigated Dryland

per unit area (kg CO2-eq ha−1) 2993.5 584.2 2832.6 551.3 3458.0 523.1 3076.2 563.6 3561.8 543.4 3184.4 553.1
per unit weight (kg CO2-eq t−1) 553.8 391.9 539.7 325.2 598.9 290.6 596.4 318.3 1113.0 580.7 680.4 381.3
per unit energy input (kg CO2-eq MJ−1) 61.8 35.9 58.5 36.2 65.3 34.4 58.7 35.6 58.8 35.3 60.6 35.5
per unit energy output (kg CO2-eq MJ−1) 17.7 9.8 17.4 8.3 19.8 7.8 18.9 7.9 30.9 14.7 20.9 9.7
Fig. 4. The share of GHG emitted from total GHG emission due to diverse energy inputs consumed in irrigated wheat agroecosystem.
use has been reported as the main contributors to GHG emission
by other researchers.Mohammadi et al. (2014) reported that diesel
fuel and nitrogen fertilizer consumption were the largest contrib-
utor to GHG emission, followed by electricity, chemical fertilizers
and pesticides in the Golestan province. They showed that the to-
tal GHG produced was calculated 1171.1 kg CO2-eq ha−1. Khosh-
nevisan et al. (2013a) concluded that electricity was the largest
share (74%) in GHG emission, followed by nitrogen (11.7%), diesel
fuels (7.5%), machinery (4.5%), phosphate (1.1%), potassium (0.9%)
and pesticides (0.3%). Pathak and Wassmann (2007) reported that
GHG emission produced by wheat agroecosystem in India was be-
tween 1038 and 1624 kg CO2-eq ha−1. Yousefi et al. (2014) revealed
that electricity with 73% had the highest GHG share of emissions in
sugar beet production system, followed by nitrogen fertilizer (15%)
and diesel fuels (7%). Zafiriou et al. (2012) also demonstrated that
among agricultural production systems, low input systems such
as organic farming reduced energy inputs and GHG emission in
Greece.

The results also revealed that the most GHG emission
in irrigated wheat agroecosystem were 3561.8, 3458.0 and
3076.2 kg CO2-eq ha−1 which were observed for arid–warm,
semiarid–cold and semiarid–warm climatic regions, respectively
(Tables 7 and 8 and Fig. 4). The lowest GHG emission in ir-
rigated wheat agroecosystem was 2832.6 kg CO2-eq ha−1 for
wet–moderate climatic region that was consumed the lowest
energy inputs (48 450 MJ ha−1). In dryland wheat agroecosys-
tem, the highest GHG emission was 584.2 kg CO2-eq ha−1 for
wet–cold climatic region which was consumed the most energy
inputs (16 280.0 MJ ha−1) and the lowest GHG emission was
523.1 kg CO2-eq ha−1 for semiarid–cold climatic region that was
consumed the lowest energy inputs (15 214.2 MJ ha−1) (Tables 7
and 8 and Fig. 5). Khakbazan et al., 2009 reported that GHG
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Fig. 5. The share of GHG emitted from total GHG emission due to diverse energy inputs consumed in dryland wheat agroecosystem.
emission inwheat production systemwas410–1130kgCO2-eq ha−1

in Canada. Soltani et al. (2013) also reported that GHG emission in
wheat farms was 1137 kg CO2-eq ha−1 and 291.3 kg CO2-eq t−1 in
north of Iran. These resultswere differentwith our results. It seems
that appropriate environmental conditions especiallymore precip-
itation and lower temperature in north of Iran andCanada compare
to Kermanshah province was themain reason of higher GHG emis-
sion in wheat agroecosystems.

4. Conclusion

This study attempted to analyze relationship between green-
house gases emission and energy consumption of inputs in ir-
rigation and dryland wheat agroecosystems in different climatic
regions of Kermanshah province, northwest Iran. Data were col-
lected from 386 farms (186 and 200 for irrigated and dryland
wheat agroecosystems, respectively) selected using the random
sampling method. Our results showed that, regardless of climatic
regions, irrigated and dryland wheat agroecosystems consume a
total energy of 53082.9 and 15 603.3 MJ ha−1, respectively, which
were mainly because of diesel fuel (51.2% and 48.9% of total en-
ergy inputs in irrigated anddrylandwheat agroecosystems, respec-
tively). The highest and the lowest energy input in irrigated wheat
agroecosystemwere 60549.9 and 48 449.9MJ ha−1 for arid–warm
and wet–moderate climatic regions, respectively, while in dry-
land wheat agroecosystem, the highest and the lowest energy in-
put were 16280.0 and 15 214.2 MJ ha−1 for wet–cold and semi-
arid–cold climatic regions, respectively. In all climatic regions,
the share of direct energy and non-renewable energy in irrigated
wheat agroecosystem was higher than dryland wheat agroecosys-
tem, which were due to did not use FYM, water of irrigation and
electricity in dryland wheat agroecosystem. Therefore, it could
conclude that drylandwheat agroecosystemwasmore sustainable
agricultural production systems. It seems that decrease in the use
of fertilizers (particularly nitrogen), chemicals, and diesel fuel are
essential for improved energy management. Saving diesel fuel by
improving tillage operations might be possible (Asgharipour et al.,
2012).

The average of CO2 emission for irrigated wheat agroecosystem
was 3184.4 kg CO2-eq ha−1 and 680.4 kg CO2-eq t−1 while it
was 553.1 kg CO2-eq ha−1 and 381.3 kg CO2-eq t−1 for dryland
wheat agroecosystem. The major reason of more CO2 emission in
irrigated wheat agroecosystem was higher energy use. Among all
energy resources in irrigated wheat agroecosystem, diesel fuels
had the highest emission (46.9%), followed by electricity, FYM,
machinery, chemical fertilizers. In dryland wheat agroecosystem,
the highest share of GHG emission belonged to diesel fuels
(75.8%), followed by machinery, chemical fertilizers. The highest
GHG emission in the irrigated wheat agroecosystem were 3561.8,
3458.0 and 3076.2 kg CO2-eq ha−1 for arid–warm, semiarid–cold
and semiarid–warm climatic regions, respectively, while the
lowest GHG emission in irrigated wheat agroecosystem was
2832.6 kg CO2-eq ha−1 for wet–moderate climatic region. In the
dryland wheat agroecosystem, the highest GHG emission was
584.2 kg CO2-eq ha−1 for wet–cold climatic region and the lowest
GHG emissionwas 523.1 kg CO2-eq ha−1 for semiarid–cold climatic
region.

According to these findings, dryland wheat agroecosystem
compare to irrigated wheat agroecosystem was consumed lower
energy inputs and thereby emitted very lower GHG. Moreover,
wheat cultivation in suitable climatic regions leaded to reduce
energy consumption and GHG emission thereby decrease global
warming potential and atmospheric pollutions. Thus, it can con-
cludewheat production in dryland agroecosystem compare to irri-
gated agroecosystem is a cleaner agricultural production system in
terms of energy consumption and GHG emission. Despite of higher
grain and straw yields in irrigated wheat agroecosystem than dry-
land wheat agroecosystem, but GHG emission also was greater.
Nonetheless, it can recommend suitable strategies such as solar
energy for water pumping, biopesticides for pest management,
biofertilizers for soil fertility, which are very effective in reduce en-
ergy consumption. Subsequently, these strategies can reduce GHG
emission in irrigated wheat farms especially in climatic regions
that are located in warm and arid environments. Moreover, in or-
der to reduceGHGemission in irrigatedwheat agroecosystems, it is
suggested that utilize the sustainable agricultural approaches such
as decrease water for irrigation through modify planting date in
agreement with rainfall occurrence, improvement of soil fertility
by select suitable crop rotations, decrease of diesel fuels consump-
tion and machinery usage via utilize conservation tillage systems.
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