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Table 1- Energy equivalents of input and output in studied crop production systems
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Sl oy
h L De et al. (2001
Human labour ' 96 e et al. (2001)
Y opmile
Machinery hr 62.7 Mandal et al. (2002)
Jesis I
Diesel | 478 Kitani (1999)
Gasoline I 46.3 Kitani (1999)
0395 o
Nitrogen kg 66.14 Hatirli et al. (2006)
(P20s) yius o
ki 12.44 Hatirli et al. (2
Phosphorus (P,0s) g atirli et al. (2006)
(K20) oy -
Potassium (K;0) kg 11.15 Hatirli et al. (2006)
29y
k 1.12 Nagy (1
Sulphur g agy (1999)
M““K i
K : Pimentel (1
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' Kitani (1
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e ! 229 Kitani (1999)
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ici KWh 12 Kitani (1999)
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Ll O
o m° 1.02 Acaroglu (1998)
Irrigation water
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Alfalfa seed 9 8 satsarelis & Koundouras (1994)
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k 15.7 Canakei et al. (2005
Silage corn seed g anakei et al. (2005)
S 5k kg
Wheat seed 15.7 Mohammadzadeh et al. (2017)
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Barley seed
S 53 ki
e o 36 Mohammadzadeh et al. (2017)
Canola seed
o K
o ’ 18 Pishgar-Komleh et al. (2012b)

Cotton seed
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Continue of Table 1- Energy equivalents of input and output in studied crop production systems
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b) Outputs Unit Energy equivalents (MJ.unit?) Reference
5y f
Alfalfa kg 15.8 Tsatsarelis & Koundouras (1994)
Glshe 2 kg 4.14 Mohammadi et al. (2014)
Silage corn
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Wheat grain kg 14.7 Mohammadzadeh et al. (2017)
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Grape kg 11.80 Karimi and Moghaddam (2018)
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Pomegranate kg 2.4 Houshyar et al. (2017)
Pistaghio kg 24.88 Kulekci & Aksoy (2013)
89,9 8345 daly 2 U ao gl5l 4y ladS 515 (LS Y Joua
Table 2- Gaseous emissions (g) per unit of input
293 CH, N,O co, &
Input Reference
Joais 5.20 070 3560 Kramer et al. (1999)
Diesel (L)
ot : : 2320 Koga & Tajima (2011)
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. OisA 3.70 0.03 3100 Snyder et al. (2009)
Nitrogen (kg)
s 1.80 0.02 1000 Snyder et al. (2009)
Phosphate (kg)
”“”L’ 1.00 0.01 700 Snyder et al. (2009)
Potassium (kg)
w’&” 0.02 8.82 61.20 Tzilivakis et al. (2005)
Electricity (kwh)
Sl : : 6300 Lal (2004)
Herbicide (kg)
oSeyd> . . 5100 Lal (2004)
Insecticide (kg)
el . . 3900 Lal (2004)
Fungicide (kg)
€Oz Jobe 21 30 1 IPCC (1995)
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Table 3- Inputs and outputs in studied crop production systems

Thw asly ) ylado
8395 (I alg Quantity per unit area (unit per ha)
a)lnputs Unit XV Fes 155 g gladgle )b Ay 455 4! vy
Wheat Barley Canola Alfalfa Corn silage Cotton Grape Pomegranate Pistachio
Sl 595 hr 125 87 110 245 152 400 640 720 600
Human labour
O\jl&u hr 7 6 12 17 13 144 11 9 11
Machinery
B};fs); [ 245 1464 150 281 146.7 165.5 100 85 105
‘f’j”:’; kg 146.8 129.7 142 127 182 161 94.1 76 70.5
Nitrogen
(P0s) .2 kg 725 694 69 68 71 99.6 742 45 536
Phosphate (P20s)
(KZQ) el kg 22.6 12.2 78.7 55 52 75.1 68.5 90 62.4
Potassium (K20)
255 kg 0 0 7 0 0 0 8 0 16
Sulphur
relS kg 0 0 0 05 0 2 0 0.2 8.8
Calcium
b 255 kg 0 0 0 6000 0 0 12000 10000 9000
Farmyard manure
ot L 0.6 03 12 0.23 1 05 49 32 1
Herbicides
eyl L 14 1.2 18 2.63 13 31 2 1.65 0.8
Insecticides
BoSEl L 0 0 0 0 0 0.2 06 0 0.2
Fungicides
w),g ‘ Kwh 1080 1054 1110 3816 2220 2340 3300 3500 1620
Electricity
sl ! m® 5400 5271 5550 19080 11100 12240 19800 21000 8100
Irrigation water
o kg 265 283 12.1 84 443 83.8 - - -
Seed
T (S
b) Outputs
pLS &>
. k 4400 - - - - - - - -
Wheat grain g
puiS ol
ki 47 - - - - - - - -
Wheat Straw 9 00
> aily
ki - 414 - - - - - - -
Barley grain 9 3
s olS
k - 4300 - - - . - - -
Barley Straw g
155 ails
k - - 1877 - - - - - -
Canola grain 9
g
k - - - 1 - - - - -
Alfalfa g 3833
Shdgle @3
) k - - - - 41500 - - - -
Corn silage 9
an SUl
Lint g 030
4 )k
k - - - - - 2400 - - -
Cotton seed 9
2553
k - - - - - - 6600 - -
Grape 9
it
ki - - - - - - - 16000 -
Pomegranate g
L
B ki - - - - - - - - 600
Pistachio 9
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Fig. 1- The proportion of different inputs of total input energy for crops and horticultural plants in Sharif Abad plain
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Fig. 2- The proportion of different inputs of total input energy for crops and horticultural plants in Sharif Abad
plain
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Fig. 3- The share of different input of global warming potential for crops and horticultural plants in Sharif Abad
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Introduction

Energy use patterns and Green House Gas (GHG) emissions from agro-ecosystems vary depending on the farming system;
cropping pattern; crop season; the level of technology; the size of the population engaged in agriculture; nature and amount
of chemical fertilizer; harvesting and threshing operations; and ultimately yield levels. Worldwide, about 5% of the total
energy is used in agriculture section that is directly linked to GHGs emissions. According to reports, agricultural GHG
emissions account for 10-12% of all anthropogenic GHG emissions. Therefore, efficient use of energy in farming systems
is one of the most important implications for decreasing GHG emissions and mitigating global warming. A good
understanding of energy flow and GHG emissions in agricultural production systems will help to optimize crop
management practices thereby reducing the environmental footprints of energy inputs and promoting sustainable
agriculture. This paper describes the energy use patterns and global warming potential for major crop production systems
in Sharif Abad plain located in Qom province, Iran.

Materials and methods

The study area relates to the Sharif Abad plain, located in the Qom province in north-central Iran. The data were collected
through face-to-face interviews with 183 farmers in the year 2018. A questionnaire form was designed to collect the
required information related to various input uses (electricity, biocides, fertilizers, etc.), operation times, crop yields, etc.
The selection of producers was based on cropping patterns and the fact that the farmers should be representative of the
selected crops. The simple random sampling method was used to determine the survey volume. The studied field crops
and horticultural crops were wheat (Triticum aestivum. L.), barley (Hordeum vulgare L.), alfalfa (Medicago sativa L.),
corn silage (Zea mays L.), cotton (Gossypium hirsutum L.), canola (Brassica napus L.), pistachio (Pistacia vera L.),
pomegranate (Punica granatum L.) and grape (Vitis vinifera L.). In the present study, input and output values for perennial
crops (alfalfa, pistachio, pomegranate, and grape) are represented as averages of the crop production cycle.

Results and discussion

Results showed that, in terms of total energy input, alfalfa (94,906 MJ.ha™), pomegranate (79,696 Mj.ha™?), and grape
(78,984 MJ.ha™1) production systems were more energy-intensive than other crops. Among the studied crops, the highest
values of output energy were related to alfalfa (218,567 MJ.ha™), corn silage (171,810 MJ.ha™') and wheat (123,430
MJ.ha) production systems, respectively. Also, it was observed that the highest values of energy use efficiency and
specific energy were related to barley (2.9) and cotton (72.7 MJ.kg™), respectively. Among all the studied crops, the
highest values of global warming potential were calculated to be 12,294 kg COeq. ha™ for the alfalfa production system
followed by the pomegranate (10,484 kg CO»eq. ha™) and grape (10,085 kg CO»eq. ha™) production systems. In the
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average of all crops, electric power accounted for the greatest GHG emissions, followed by diesel and nitrogen fertilizer.
The proportion of direct energy (human labor, diesel fuel, water for irrigation, and electricity) in the studied crops was
greater than the indirect form (seed, chemical fertilizer, manure, pesticides, and machinery). Also, the amount of non-
renewable energy (electricity, chemical fertilizer, diesel fuel, pesticides, and machinery) in all the investigated crops was
higher than of the renewable form (human labor, seed, water for irrigation and manure).

Conclusion

It can be inferred from the present study that in all of studied crops, notable part of energy used and GHG emissions were
related to electric power. In the study area, entire electrical power is consumed in irrigation practices. Therefore, optimal
management of water and nitrogen in crop production systems are the ways that should be considered to improve energy
performance and decrease the GHG emissions. Also, management of plant nutrients by renewable resources like farmyard
manure and green manures would increase rate of renewable energy.
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