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Table 1. Energy contents for inputs and outputs in wheat production.

W oolys a=>lg 37 Fo
Inputs Unit Energy (MJ/unit) Reference
Sl 595 h 1.96 Ozkan et al., 2004; Turhan et al., 2008
Human labor
PSR kg 30.50 Pimental and Pimental 2008
Wheat seed
YT rile kg 142.70 Kaltas et al., 2007
Machinery”
595 Sl slaseS kg N 60.60 Akcaoz et al., 2009; Ozkan et al., 2004
N fertilizers
Sid 53l sloodsS kg P20s 6.70 Akcaoz et al., 2009; Ozkan et al., 2004
P fertilizers
el Sl slaosS kg K20 11.10 Akcaoz et al., 2009; Ozkan et al., 2004
K fertilizers
b s L 38
e IIES, 2007
Diesel
FESCLY | kWh 3.6 Pimental and Pimental 2008
Electricity
FESURICL Y S JURVS kwh 9.86 Alimagham et al., 2017
Electricity losses
X kg active ingredient 237.00
L 7 g g Tzilivakis et al., 2005; Rathke and Diepenbrock, 2006
Insecticide
S5 ale kg active ingredient 278.00 Tzilivakis et al., 2005; Rathke and Diepenbrock, 2006
Herbicide
oS g, kg active ingredient Strapatsa, 2006
Fungicide
b 29>
Output
P ailo kg 14.70 Tipi et al., 2009; Singh et al., 2007
Wheat grain
pouS ols kg 9.25 Tabatabaeefar et al., 2009
Wheat straw
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Table 2. Energy inputs and outputs for wheat production in Golestan province, Iran.

L (59959 a>lg Mean:sd
Inputs Unit
N Kg.hat 84.50+0.50
p Kg.ha' 43.31+0.03
K Kg.hat 4.30+0.02
S Kg.ha 12.89+0.04
g
LS 4 0.71+0.01
- JJ‘ Kg active ingredient.ha
Herbicide
X active ingredient.ha .2840.
S 0yl Kg active ingredient.ha* 0.28+0.00
Insecticide
(X active ingredient.ha- .3240.
S e Kg active ingredient.ha* 0.32+0.00
Fungicide
S Kg.hat 200.11+0.04
Seed '
YT eile h.hat 24.03+0.10
Machinery
=l Sldes (glyy (drmnd Egus Lhatt 112.54+0.04
Fossil fuel for farming operations
okl &l hmd g Lhatt 10.46+0.11
Fossil fuel for irrigation
(Sod S £ gome Lha 123.00+0.23
Total fossil fuel
FESL | Wh hat 69.4020.09
Electricity '
Sl 555 hhat 29.57+0.03
Human labor
L >9)>
Outputs
PRECEPUN Kg 3417.86+0.21
Wheat grain
P ol Kg 4182.86+0.24

Wheat straw
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Table 3. Energy inputs (MJ ha-1) for wheat production in Golestan province, Iran.

L 53959 Mean:sd JS 3l ey
Inputs Percent of total
N 5120.76+0.57 31.54
p 480.75+0.11 2.96
K 59.32+0.10 0.36
S 19.68+0.08 0.12
SOras sBosS £same 34.88
a g 5660.83+0.35
Total fertilizers
iS4 1.26
oS il 204.48+0.08
Herbicide
S ot 66.16+0.07 0.41
Insecticide
US 28 31.77+0.04 0.20
Fungicide
Total pesticide
S 19.36
- 3141.68+0.14
Seed
T eile 958.78+0.10 5.91
Machinery
£y Slbes sl ot 29 4276.350.22 2035
Fossil fuel for farming operations
i 5o 5.54
515*' sl 3““’1 st 899.25+0.27
Fossil fuel for irrigation
5 s 31.89
S =g Ly 5175.60+0.22
Total fossil fuel
o 1 5.76
§ ’SJ‘ 934.14+0.78
Electricity
s ; 0.36
ol 35 57.95+0.05
Human labor
ooles 100
e o3l oz 16231.04+0.34
Total inputs
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Table 4. GHG emissions (kg eq-CO: ha'™) for wheat production in Golestan province, Iran.

W 59953 Meanzsd J5 5 ooy
Inputs Percent of total
N 410.17+0.10 29.00
P 39.42+0.03 2.79
K 2.37+0.02 0.17
S 21.95+0.06 1.55
: 33.52
e S35 Eaame 473.91#0.10
Total fertilizers
55 G 2.33
”Sul; 32.94+0.02
Herbicide
S oyt 10.66+0.03 0.75
Insecticide
AR 5.12+0.02 0.36
Fungicide
lo 25 bl ggome 48.72+0.04 3.44
Total pesticide
YT etle 216.67+0.07 15.32
Machinery
- . 23.60
ey Slilas sl loud 255 333.69+0.07
Fossil fuel for farming operations
{ Lo o5 4.96
Sl sl e 25 70.122+0.13
Fossil fuel for irrigation
o - gus € g0 28.56
: e 403.81+0.09
Total fossil fuel
s 19.16
et A5 270.90+0.15
Electricity
o oolgs ggeme 100

Total inputs
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Table 5. Quantity (L ha'), energy consumption (MJ.ha) and GHG emissions (kg COzeq.ha?) of fossil
fuel input in wheat production, Golestan province, Iran.

Mean+SE
Oldos oS S0 555 Sl dlals b5 Liss!
Operations Quantity Energy consumption GHG emission
CilS i 55k oolal 54.50+0.03 2041.11+0.09 152.22+0.05
Seedbed preparation
ol 8.30+0.01 320.74+0.06 25.01+0.02
Sowing
35S 2.40+0.01 112.50+0.06 8.77+0.01
Fertilizing
LS el 14.20+0.02 542.17+0.13 49.29+0.04
Crop protection
6kl 10.20+0.00 899.25+0.27 70.122+0.13
Irrigation
cails 33.40+0.01 1261.31+0.06 98.47+0.03
Harvesting
Sllec §yome 123.00+0.04 5175.60+0.22 403.882+0.15

Total operations
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Table 6. Energy consumption (MJ.ha') and GHG emissions (kg CO2eq.ha) of machinery application
in wheat production, Golestan province, Iran.

Mean+SE
wldos Sy §5 5 &l Al a5 Ll
Operations Energy consumption GHG emission
S ey ol ool 368.27+0.07 83.88+0.04
Seedbed preparation
culs 91.70+0.06 20.73+0.02
Sowing
Yy 20.53+0.03 4.69+0.01
Fertilizing
LS cblis 162.40+0.07 37.05+0.03
Crop protection
sk 49.90+0.03 9.61+0.03
Irrigation
bl 265.89+0.06 60.71+0.02
Harvesting
Slles ggame 958.69+0.10 216.67+0.04

Total operations
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Table 7. Energy consumption (MJ ha') of human labor in wheat production, Golestan province, Iran.

Mean+SE
Sldas B ron 555
Operations Energy consumption
el peoe ‘_g)LM; ool 9.24+0.01
Seedbed preparation
culs 2.20+0.01
Sowing
Yy 6.81+0.02
Fertilizing
LS cblas 7.89+0.02
Crop protection
] 25.73+0.05
Irrigation
el y 5.77+0.01
Harvesting
Sldes gyomme 57.64+0.03

Total operations
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Table 8. Energy indices for wheat production in Golestan province.

L psli aslg Mean#sd
Indices Unit
s (55, MJ ha't 6167.69+0.34
Direct energy
e o (551 MJ ha't 10063.70+0.39
Indirect energy
PINTRREL P MJ ha't 3199.63+0.41
Renewable energy
JORUERVRCERPSTt MJ ha't 13031.41+0.48
Non-renewable energy
59935 &35 MJ ha't 16231.04+0.34
Input energy
ol (53l MJ ha't 38691.430.73
Straw energy
ails g5, MJ hat 50242.50+0.82
Grain energy
797 55 Egema MJ ha't 88933.93+1.08
Total output energy
S5 By 2l - 5.47+0.01
Energy use efficiency
oAl 551 MJ ha't 72702.89+1.56
Net energy
$iAl s o Kg MJ* 0.468+0.01
Energy productivity
o529 55 MJ kgt 2.14+0.01

Specific energy
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Table 9. GHG emissions for wheat production in Golestan province, lran.

sl Slals b8 Liss! aly Meanzsd
GHG emissions Unit
s asly kg eg-CO2.ha'* 1414.01+3.17

per unit area
038 915 2
per unit weight
89,5 &35 9=l
per unit energy input
O R TP
per unit energy output

kg eq-CO2.kg?
kg eq-CO2.MJ!

kg eq-CO2.MJ!

0.186+0.001

0.087+0.001

0.016+0.001
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Introduction: The significant increases in energy consumption make the continued and accelerated optimization
measures on energy supply and demand more critical than ever before (Iranian Ministry of Energy, 2010).
Different quantities of energy are consumed per hectare of wheat production by using different inputs such as
fertilizers, fossil fuels, electricity, seeds, pesticides and machinery. This leads to greenhouse gas emissions
including CO,, N,O and CH,4. Increasing the concentration of such gases in the atmosphere can cause global
warming. Serious attention to reducing energy consumption and greenhouse gas emissions is therefore necessary.
To this end, fuel and energy consumption and greenhouse gas emissions were investigated in all the wheat fields
in Golestan Province. Finally, some strategies to reduce consumption and emissions were presented.

Material and methods: In order to determine the fuel and energy consumption and greenhouse gas emissions and
how to reduce it, 140 wheat fields in Golestan province were investigated through systematic random sampling.
The amount of inputs, including fossil fuels was recorded and energy analysis was done based on the consumed
inputs amount per unit. Also, the greenhouse gases emission of carbon dioxide, nitrous oxide and methane derived
from energy consumption for agricultural inputs and agronomic operations was calculated (IPCC, 1996; Soltani et
al., 2013). Finally, energy efficiency, energy productivity, specific energy, net energy and total GWP, GWP in
area unit, product weights, input energy and output energy were also calculated.

Result and discussion: Fuel required to produce wheat was estimated at 123+0.23 L.ha* and energy required was
16231.04+ 0.34 MJ.ha!, based on results. Greenhouse gas emissions were calculated at 1414.01+3.17 kg eg-
COz.ha’. Land preparation and harvesting required higher fuel and energy consumption and produced more
emissions than other agricultural operations. Nitrogen fertilizers and fossil fuels were the worst offenders
accounting for 70% of total energy consumption and 78% of emissions. Based on the results, using tractors with
higher horsepower and equipment with a high working width and penetration depth in soil is preferable because
they required fewer operations and less time for land preparation. Using turbo linear sprayers instead of lance
sprayers with a tractor, as well as using new engines for irrigation can play an important role in reducing fuel
consumption and, consequently, reduce energy consumption and emissions of greenhouse gases in overall
agricultural operations.

Conclusion: Optimizing the use of nitrogen fertilizers and reducing fossil fuel consumption is critical to reducing
energy consumption and greenhouse gas emissions. If wheat production in Golestan is carried out in such a way
that the efficiency of using different types of fertilizers, especially urea fertilizer, is increased or by using organic
fertilizers that lead to mineral enrichment in soil over a long period of time, the application of a higher efficiency
machine which reduces its own use and fuel consumption, it is possible to increase the energy efficiency and the
ratio of the output energy to the input per hectare and reduce energy consumption per kg of grain and straw. By
applying such management practices, greenhouse gas emissions will also be reduced in land and crop weight unit.
Keywords: Cultural operations, Electricity, Energy efficiency, Fossil fuel.
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