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Table 1. Time of agricultural operations for rainfed wheat and barley

&l
<) wldes Farms
Field operations 0 pusS ™0 >
Rained wheat Rained barley
(Fasilo ) oo R
Tillage (30 cm) Winter
() Koo 5295958 sl S, gl
Disk (1) Late March Late April
(V) S o992 kY o)l ol
Disk (2) Late March Late April
S L ogS bzl 529598 ol S, sl
Mixing fertilizer with soil Late March Late April
ak 058 0195958 Rl i)l gl
Basal dressing Late March Late April
S cuals 52959, sl S, gl
Planting seeds Late March Late April
cBlS 5l o 5, sladale S Cedgrd)| Lol ~ied)| il
Weed control after planting Early May Late April
T sl e S5 sls 5 Julsl .
Fungi control Late May
S s 555 ool Lyl ot sl
Top dressing Early May Late May
ol NNUE 5% gl g 5 Laslsl 5 gl
) ; Late June, Early July and Early
Harvest Late July
September
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Transportation Late July Late October
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Table 2. Energy equivalent of inputs and outputs in rained wheat and barley

o953/ 5599 w>ly (4219 32 J936%) 6551 Joleo &0
linputs/outputs Unit Energy equivalent (MJ.unit) Reference
PS5l PSS 15.7 (Canakci et al., 2005)
Seed wheat Kg
¥ % PSS 14.7 (Ziaei et al., 2013)
Seed barely Kg
Sl g5 el 1.96 (Akcaoz et al., 2009)
Human labor Hour
MN) 03978 Pk 60.6 (Ozkan et al., 2004; Akcaoz et al., 2009)
N fertilizers Kg
(P205) o PS5k 1.1 (Ozkan e al., 2004; Akcaoz et al., 2009)
P fertilizers Kg
K20) el P skS 6.7 (Ozkan et al., 2004; Akcaoz et al., 2009)
K fertilizers Kg
J-“"ﬁ_lf 7 38 (Hydrocarbon balance sheet of Country, 2008)
Gasoline L
. oslo 55k
oS ile Vs 287 (Tzilivakis et al., 2005; Rathke et al., 2007)
Herbicide > %
Kga.ib
o osle p S5LS
b S0 2o Vs 237 (Tzilivakis et al., 2005; Rathke et al., 2007)
Insecticide > %
Kga.ib
poiS s PS5k 15.7 (Canakci et al., 2005)
Grain wheat Kg
y7 oo P55k 14.7 (Ziaci et al., 2013)
Grain barely Kg
pasS S g o8 pSkS 9.25 (Ghorbani et al., 2011)
Straw of wheat Kg
57 S g oS PSS 1.6 (Rajabi et al., 2011)
Straw of barely Kg
PS5 el A8 £k 99 (Ghorbani et al., 2011)
Fungicide Kg
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Table 3. Amount of inputs used for rained wheat and barley in Gorgan region

$%959 a1y w2 P w39
Input Unit Rained wheat Rained barley
=y S 52 136 130
Fuel L ha'!
P JLSe o p Sl 200 150
Seed Kgha'!
0395 JLSe o p Sl 150 100
Nitrogen Kgha'!
o JSe 3 0,55k o o
Phosphorus Kgha'!
ey LS 4o 0 SslS 50 50
Potassium Kgha'!
iSdle JESa 3 0550 oo 8 )57 200
Herbicide ga.ibha’!
Sl 508 el 18 15
Human labor Hour
o as e 5 1
Plow Time
555 Ay 4 ye 1 )
Fertilization Time
Kb lests a5 Time 1 1
Sowing
(S dile 5 S i) ol as e 3 5
Spraying (pesticides, herbicides) Time
sl 4 e | |
Harvest Time
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w20 9% 9 pusS Glrac )30 )0 (1)) 09,5 ST 4 (KL 0 J935%) (639,59 85! Ol —F Jgua
Table 4. Energy inputs (MJ-1 ha) in each farming group in rained wheat and barley

Rainfed wheat 35 pusS Rainfed barley 9o 92
=1y wldes eilee I8 3l ey eilee BRI
Field operations Average Percent of total Average Percent of total
P 1379.4 10.3 1379.6 13
Plow
S 1909.4 14.2 1909.4 18.1
Disk
sk 0% 1004.5 75 1004.6 9.5
Basal dressing
o 3140 234 2205 20.9
Seed
Kb 1083.2 8.1 1083.3 1
Row planter
del; 5109 3.7 521 5
Herbicides
Helk 5063 3.8 - -
Fungicides
S J; 3084.1 23 1690.3 16
Top dressing
— 748.1 56 7483 7.1
Harvest
JsTotal 13366.5 100 10541.4 100
w23 9% 9 pS laac )70 (gl padlivans puf g riino (59959 $551 -0 Jgux
Table 5. Direct and indirect energy inputs for rained wheat and barley
Rainfed wheat s > o0 Rainfed barley s o o>
62959 S5l RASES 5 ey RASES S5 hee,o
Energy inputs Average Percent of total Average Percent of total
Direct
ey ke sl o2 5168 38.7 4940 46.8
Fuel for field operations
e 900 27.4 0.2 255 03
Human labor
Indirect
S 4178.6 313 2018.4 19.1
N fertilizers
b 355 322 24 322 3
P fertilizers
il 160.8 12 160.8 1.5
K fertilizers
o 3140 235 2205 21
Seed
b i e 133 1 143 135
Herbicide
Lol 128.3 0.9 - -
Fungicides
VT s
Y “{*‘“L" 661.2 5 643.6 6.1
Machinery
JaisJe 696.2 52 566 53
Transportation
Total JS" xox 13366.5 100 10541.4 100
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Table 6. Different energy indices in rained wheat and barley

55! dliso gla S o pusS ™ 8=
Energy indices Rained wheat Rained barley
5999
Inputs
LS ;5 Jg3S) peiins (53959 5551 51 5
Direct input energy (GJ ha'')
Indirect input energy (GJ ha™)
b e>s,>
Outputs
GESe 5o Jo5le8) (2lS's oS (29,5 (555 395 117
Straw output energy (GJ ha™')
GO 33.8 28.6
Grain output energy (GJ ha™')
Total output energy (GJ ha™")
69909 4 (79> S5 S 5.01 53
Ouput/input ratio
(U" bl J?)Kﬂf) 3T 6))-‘1 6.3 6.04

Specific energy (GJ ton™)

(U355 » &) 6350 )90 0157 0.165
Energy productivity (ton GJ )
LS 5o J9355) Lalls 65,0 005l

58701 50804.5
Net energy (GJ ha™')

20 92 9 paiSadgi sl (LS 10 CO; p,5elsS Jolo o 3 GWP) Sl Julo S Juwily -V Jouo

Table 7. GHG emissions (kg e-CO; ha™) for rained wheat and barley production

0 re..\.lf o >
Rainfed wheat Rainfed barley
ook ke S5 hee,o ke 5 ey
Inputs Average Percent of total Average Percent of total
039 304.2 32.24 146.9 19.85
Nitrogen
s 26.4 2.79 26.4 3.56
Phosphorus
f““‘L“ 13.1 1.38 13.1 1.77
Potassium
sl 26.9 2.85 14.7 1.98
Pesticides
g 403.1 2.7 3852 52.07
Fuel
U\”‘:’_"":L" 138.6 14.68 121 16.35
Machinery
s 943.5 100 739.7 100
Total GWP
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Table 8. GHG emissions per unit area, per unit weight, per unit input energy and per unit output energy in rainfed wheat and barley

Sl Alals b5 Lis! 0 posS peRpes
GHG emissions Rainfed wheat Rainfed barley
(LSa 53 CO2 Jsles p,55LS) alaws asls 0435 71301
Per unit area (kg eq-CO2 ha™!)
Per unit weight (kg eq-CO2 t)
( Jﬁjli;)‘) Co2 J‘)L"" f)§9l':5)<5‘)5)5 <5)f‘ »15 x 64.6 63.1
Per unit input energy (kg eq-CO2 GJ'™")
(Jo35S5 50 CO2 Jolao o5 5lS) 25,5 5551 0>lg 12.8 11.8
Per unit output energy (kg eq-CO2 GJ)
Bl S Gl I eolitul Geizen (& 35 A

Cole) Grized Ssboe drosi (55,056 JBlas)
S 4 0B a8 Libg (LS b ool 5 (2l5 ool
Srae al5 sla)lSol, 5l (S Gloim s (5958
iy 93,5 (o0 drogs (5955 Sa3sS oy 4 35S
oalaswl Jolss adgi o pae Sldas dgups b a5 350 o0
Olime 508 Gl (obend laosS A
S s atlomnct (sl sl JT (slosgs 51 ol
v oy 0 0 Shae ¢ Jgamayp a1 5515 g lacdl
s S5 ol o Sles iol38l L g esls al38l 1,
MedSy Sene 1) (Bras 4 (29 65 S
S & 5 GRS lagls lal Gliee Grioren

oy J2lg> A
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Introduction: In recent years, energy consumption in agriculture has increased dramatically, and modern
agriculture has high energy consumption. Most of the energy used to produce agricultural products is spent due
to the use of inputs such as machinery, fossil fuels, fertilizers, and pesticides. Inappropriate use of these inputs
reduces energy efficiency in production and also causes problems for human health and the environment. At
present, due to the energy crisis in the world, it is necessary to study more about energy consumption and find
solutions for its optimal use. This study was conducted to identify the energy evolution and global warming
potential in wheat and barley production in northern lands of Gorgan Plain, city of Ag-Qala, so that appropriate

strategies can be carried out to prevent the waste of energy and reduce the environmental impact of resources.

Material and methods: For this study, 95 and 83 farmers were selected for interviewing about wheat and
barley production in Ag-Qala city, respectively. The data including machines, seeds, fertilizers, fuel, and
pesticides were collected by questionnaire. Then fuel, input and output energy, energy evaluation indices and
global warming potential (kg CO2 ha-1) were calculated by related coefficients.

Results and discussion: The results showed that the highest direct input energy in wheat and barley production
belonged to fuel consumption with 38.8 and 46.8 percent, respectively. Also, the highest indirect input energy
was obtained from nitrogen fertilizer with 31.3 and 19.1 percent for wheat and barley fields, respectively. The
ratio of the output/input energy for rainfed wheat and rainfed barley were calculated 5.01 and 5.03, respectively.

Also, global warming potential in wheat and barley production was 943.9 and 739.1 (kg eq-CO2 ha-1),
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respectively. Also, the results showed that increased fuel and fertilizer consumption will increase the amount
of input energy in both crop production and also increase the production of greenhouse gases. Therefore, the
use of more efficient machinery and equipment that reduces fuel consumption and also proper crop rotation
and using organic fertilizers can increase energy efficiency and reduce the global warming potential of rainfed

wheat and rainfed barley production.

Conclusion: The results showed that the fuel consumed in both products had the highest input energy, followed
by the fertilizer, especially nitrogen fertilizer. Therefore, it is recommended that the reduction of fuel
consumption be done by using combinators and protection culture systems (minimum tillage). It is also
recommended to apply crop rotation and rotation with covered crops that are able to stabilize nitrogen to reduce
the use of fertilizers. It is suggested that the yield increases by improving management operations, optimum
use of fertilizers, pest control, which in turn will improve energy efficiency.

Keywords: Field operations, Fuel, Indirect energy, Specific energy.
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