Journal of Agroecology
Homepage: https://agry.um.ac.ir/ R

Research Article
EX] Vol. 14, No. 4, Winter 2023, p. 693-712

Analysis of Water and Energy Consumption and Environment Impacts of
Agricultural Production in Miandarband Plain of Kermanshah Province

Faranak Karamian %, Ali Asghar Mirakzadeh “%" and Arash Azari®

How to cite this article:

Karamian F., Mirakzadeh, A.A., and Azari, A., 2023. Analysis of water and energy
consumption and environment impacts of agricultural production in miandarband
plain of Kermanshah province. Journal of Agroecology 14(4): 693-712.

DOI: 10.22067/agry.2021.67227.0

Received: 15-08-2020
Revised: 04-07-2021
Accepted: 11-07-2021
Auvailable Online: 11-07-2021

Introduction
The agricultural sector accounts for 70% of fresh water and about 30% of the world's total energy consumption
through food production and supply chain. Water, energy and food are three basic interrelated sources of human
health, as water and energy are vital to food production. In recent centuries, increasing pressure due to scarcity of
resources and increasing demand for food and ultimately environmental pollution necessitates the need for optimal
management of water, energy and food. In this regard, this study was conducted Analysis of Water and Energy
Consumption and Environment Impacts of Agricultural Production in Miandarband Plain.

Materials and Methods

The present study was conducted using a quantitative approach for wheat, barley, maize-grain, canola, tomato
and potato crops. The statistical population was 1676 farmers that according to Krejcie and Morgan table, 315
farmers were selected using stratified random sampling. A researcher-made questionnaire and secondary data of the
Meteorological Organization of Iran were used to collect information. In order to calculate the amount of energy
consumed by the studied products, first the input and output energies of the products were measured and then
converted to their equivalent energy. Input energy in food production systems is both direct and indirect. To
calculate the water consumption by each product, two elements of green and blue water of the products were
calculated. The amount of greenhouse gas emissions for the inputs of the studied products was calculated using CO»,
N»O and CH4 emission coefficients for different inputs.

Results and Discussion

The research results showed the dominant crops production in the region consumes 50,827 m? ha' of water;
Potato (11440 m® ha*) and maize-grain (10492 m? ha'!) consume the most water. The total energy consumption was
975608.50 MJ hal; the highest input energy consumption is related to potato (25%), maize-grain (22%) and tomato
(15%). Chemical fertilizers, diesel fuel and water for irrigation used the most energy in the agricultural sector. Total
CO2, N0 and CHa4 emissions were 3729.79, 152.05 and 0.293 kg ha’, respectively and total Global Warming
Potential, 50872. 52 kg COqq; that tomato with emissions of 15592.48 and barley with emissions of 3279.88 kg
CO2q, had the highest and lowest share. According to the results, the amount of water consumption by the studied
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products, except for tomatoes, is more than the recommended amount of water required during the growth period of
the desired products by experts; In this regard, it can be said that low irrigation efficiency, poor supervision by
relevant agencies, the existence of a large number of illegal wells, mismanagement, uncoordinated management,
lack of long-term attitude and inefficient water consumption of irrigation and especially the land use system has
caused high water consumption in the studied crops. According to the results, the smaller the farm area, the higher
the water and energy consumption and the higher the GWP. In such farms the farmer has lost the advantage of scale
and by applying pressure on the ground by increasing the irrigation cycle, the use of fertilizers and pesticides seeks
to gain more efficiency. On the other hand, due to the small size of farms, they use less up-to-date technologies, thus
indirectly increasing water and energy waste. The results showed that crops that are mainly grown in agriculture in
the region with the lease system have the highest input consumption and have a negative impact on the environment
of the region. In this regard, it can be said that land tenants in the region try to get the most economic benefit from
the land in a shorter period of time, and this increases the pressure on resources.

Conclusion
In general, it can be said that low irrigation efficiency, existence of a large number of illegal wells, allocation of
agricultural subsidies and the lack of calculation of water and energy costs has caused the inefficiency of the
agricultural system of Miandarband plain. Therefore, increasing irrigation efficiency using strip irrigation system
and increasing water and energy prices in the agricultural sector can be effective in the optimal use of water and

energy.

Keywords: Global Warming Potential (GWP), Greenhouse Gases, Input consumption efficiency, Kermanshah,
Sustainability.
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Table 1- Energy equivalents for the production of irrigated agricultural products

&y sy 51 sealas &bo
Type Unit  Energy equivalents (MJ unite™) Reference
55979 eiiuns (53,51 A1
A: Direct input energy
Ll I8 =Y —
o H 1.96 Fabiani et al. (2020
1- Human labor abiani et al. (2020)
Jpd cégw =Y
5 Diesel fuel L 56.31 Jat et al. (2020)
(G) 5ame STy 36 Yousefi et al. (2016)
3- Electricity
Sl @l o1 -¥ 3
4- Water for irrigation M 1.02 Jat etal. (2020)
5299 elmno po (55 ) 1
B: Indirect input energy
Yl opsle =) —
1- Machinery H 62.7 Fabiani et al. (2020)
oS —¥
2- Fertilizers
(N) css% (@ kg 60.60 Jat et al. (2020)
a) Nitrogen (N
(P205) clis (b K 11.10 Jat et al. (2020)
b) Phosphate (P,0s) g '
ot k 6.7 Jat et al. (2020
¢) Potassium (K;0) g : at et al. (2020)
S s ehas(d Vousefi et al. (201
d) Farmyard manure 9 0.30 ousefi et al. (2016)
o a8l -
3- Pesticides
Yrons kg 184.63 Jat et al. (2020)
a) Insecticides
a2 ils (b
k 254.4 l. (202
b) Herbicides g 54.45 Jat et al. (2020)
oty k 181.9 Ghiyasi et al. (2008
c) Fungicides g : iyasi et al. (2008)
¥ gae )3y =¥
4- Seed products
oMk (@
a) Cereal grain kg 14.7 Jat et al. (2020)
faloly k Beheshti T I. (201
b) Rapeseed seeds g 3.6 eheshti Tabar et al. (2010)
o (C o
¢) Potato kg 3.6 Hatirli et al. (2005)
d) Tomato seeds g 00 Singh et al. (2010)
294 (2
C) Output
S il -)
k 14.7 l. (202
1- Cereal grain 9 Jat et al. (2020)
e k 25 Beheshti Tabar et al. (2010
2) Rapeseed seeds g eheshti Tabar et al. (2010)
(i =Y -
3- Potato kg 36 Hatirli et al. (2005)
NS =¥
4- Tomato kg 0.8 Esengun et al. (2007)
o el otan, kg 125 Jat et al. (2020)

5- Cereal straw
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Table 2 - Emission factors of greenhouse gases related to agricultural inputs

L) gby,esé
52,9 e . oo
Inputs Dissemination factors Reference
CO, CH, N.O
I3 o 741-10°  1.40°  61.0°  Somietal (2013)
Diesel
iy S Tzilivakis et al.
- 61.20x10° 0.02x10° 8.82x10° (2005)
Electricity
(N) o395 13 - 1.5x10?
N
P20s5) wlawd
(P20 0.2 - -
P
K;0 L
(K0) oy 0.15 - -
K
o iSg,B 39 _ ~ Soni et al. (2013)
Fungicides
Lﬁ & B
LIS 51 B ~
Insecticides
Lo yiScale
u“f 6.3 _ —
Herbicides
COx Jsko GWP 1 ’1 310

GWP CO; equivalence factor

adlln 390 Y gazo & b1 yo (510510 4 e £33 9 4 550 03131 (g )l lamaan £95 Y Jg>
Table 3- Type of irrigation system, farm size and type of exploitation system related to the studied products

Jyaa ol P gabe I S e
Product name Wheat Barley Maize-grain  Rapeseed Tomato Potato
i 1,5
Sl 58%  57% 57% 64% 68% 58%
Irrigation efficiency
; 36% 33% 33% 56% 51% 42%
ol i Pressurized
Irricati [ —
rrigation system b 64%  67% 67% 44% 49% 58%
Surface
23% 82% 55% 46% 95% 56%
Under 5 ha
S V- b o
50% 15% 34% 49% 5% 39%
450 03ll 5-10 ha
Farm si Sa VO b Y-
arm sizé ‘ 2% 0% 7% 5% 0% 5%
10-15 ha
LS V0 oYL
4% 3% 4% 0% 0% 0%
Above 15 ha
S
97% 100% 99% 98% 42% 48%
&> 0 s40 pllas Owner
Exploitation system 130,
P 4 %0 3% 0% 1% 2% 58% 520%

Leasehold
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Fig. 1- Green and blue water consumed by the studied crops per hectare in terms of cubic meters
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Table 4- The amount of input and output inputs (per hectare) in agriculture of Miandarband plain

@a.w »'5 » uﬁo;
(2905 9 8299) Hlodo Quantity per unit area (ha)
Quantity (input and output) ~ oxS Pey Slails o, 1518 L ET SV S (U
Wheat  Barley Maize-grain Rapeseed Tomato Potato
L5399 (!
A) Inputs
ol ) 69.86 56 143.19 324 1688.14 513
Human labor (h)
‘”Y_'ML‘ 20.15  21.43 24.44 18.77 21.50 32.88
Machinery (h)
_JP Cog 16021  156.66 201.66 143.95 158.58 230.74
Diesel fuel (L)
“‘“““)‘ﬁ' 1004  493.91 3184 711.9 5425 3281.2
Electricity (kWh)
J)LH_' é'ﬁ _‘“‘ 4118 3318 5980 5576 4938 6634
Water for irrigation (m®)
Wags
Fertilizers (kg)
e 9800 12500 11730 0 14448 13643
Farmyard manure
U)f\l"” 302.94  309.37 550.94 265.11 60.42 357.31
Slid 130.78  142.18 150.90 131.39 121.29 154.87
Phosphate (P,Os)
ey 43.68 47.81 124,52 81 103.42 94.11
K (K:0)
b sl
Pesticides (kg)
loiSepi> 0.50 0.5 2 2.15 2 1
Insecticides
i cile 2 1.03 3 3 0 3
Herbicides
e 050 050 0 0 1 6
Fungicides
EVgaze )b 22452 19181 25.45 5.40 0.50 4865
Seed products (kg)
w295 (@
B) Output (kg)
> . 4670 4424 10420 3432.3 63000 33658
Product yield
oS 5 o 4560 4273 0 0 0 0

Straw
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Table 5- The amount of input and output energy in agriculture of Miandarband plain

F 855 Jolxe
(295> 9 829)9) slade Total energy equivalents (MJ.ha™)
Quantity (input and output) NS Pes slah oy 158 JESJUITSLy 0 et
Wheat Barley Maize Rapeseed Tomato Potato
59,9 (!
A) Inputs
ol 8 136.92 109.76 280.65 63.50 3308.75 1005.48
Human labor (h)
“:’Y_Iﬁ’*"s L 1263.40 1343.66 1532.38 1176.87 1348.05 2061.57
Machinery (h)
_J” oy 9021.42 8821.52 11355.47 8105.82 8929.63 12992.96
Diesel fuel (L)
W’SJ ! 3614.40 1778.07 11462.40 2562.84 19530 11812.32
Electricity (kWh)
‘S)L'*_I ‘_5])" _“"‘ 4200.36 3384.36 6099.60 5687.52 5036.76 6766.68
Water for irrigation (m®)
Lags
Fertilizers (kg)
b 255 2940 1227.87 3519 0 4334 4092.90
Farmyard manure
U)f\l’“" 18358 18747.82 33387 16065.66 3237.25 21652.98
Sl 1451.65 1578.19 1675 1458.42 1346.31 1719.05
Phosphate (P,Os)
el 295.65 320.32 834.28 542.70 692.91 630.53
K (K20)
sl
Pesticides (kg)
oSl 92.31 92.31 369.26 396.95 369.26 184.63
Insecticides
L“U‘S ‘J”k' 508.90 262.08 763.35 763.35 0 763.35
Herbicides
LQ’U‘S @lﬁ 90.95 90.95 0 0 181.90 1091.40
Fungicides
SN gaze 330044 281960 37411 19.44 0.50 17514
Seed products (kg)
$299 ‘55_')” S 4527440 4057651 71652.50 36843.07 48739.52 82287.85
Total energy input (MJ)
29 (@
B) Output (kg)
e 68649 65032.80 148764 85807.50 50400 121168.80
Product yield
o ol 57000 5341250 0 0 0 0
Straw
w9 3 & 125649 118445.30 148764 85807.50 50400 121168.80
Total energy output (MJ)
RN R 170923.40 159021.80 220416.50 122650.60 99139.52 203456.70

Total energy (MJ)
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Fig. 2- The amount of input energy consumed by the studied crops per hectare
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Table 6- The amount of greenhouse gas emissions (GHG) and global warming potential (GWP) related to the studied crops

315 L) 0,8
. 35, Py
Jyazme pU 3929 Gas emission form GWP GWP (kg COz)
Product name Inputs CH. N2O CO;
_J}.@ S 2x10°  1x10° 11.87 11.91
Diesel fuel (L)
S| 2x10° 886  6l44 2807
Electricity (kwh)
| Ods 0 454 39382  1802.49
Nitrogen (kg)
) Slinsd 0 0 26.16 26.16
puS Phosphate (kg) 4671.21
Wheat ooz 0 0 6.55 6.55
K (kg)
ngff b 0 0 1.95 1.95
Fungicides (kg)
LD,L.;».@ i 0 0 2.55 2.55
Insecticides (kg)
ot il 0 0 1260  12.60
Herbicides (kg)
Total GHG (kg.ha™) 2
(kg.ha'l) S G glo - 2.2x10 13.40 516.95 - -
_J)'a> Cégw 15x108 1x105  11.61 11.64
Diesel fuel (L)
iy ) 9.8x10° 435 3023  1380.88
Electricity (kwh)
Oi9r 0 464 40218  1840.75
N (kg)
ola.d 0 0 2844 2844
e Phosphate (kg) 3279.88
Barley oz 0 0 7.17 7.17
K (kg)
L S8 0 0 1.95 1.95
Fungicides (kg)
hpf{ oyl 0 0 2.55 2.55
Insecticides (kg)
Lm?;_;sqk 0 0 6.49 6.49
Herbicides (kg)
Total GHG (kg.ha?) 2
(kg.ha‘l) 15 SIS sing - 1.1x10 8.99 490.61 - -
I cdge 2x10%  1.2x105  14.94 14.98
Diesel fuel (L)
ot 250 6.3x10% 2808 19486  8901.89
Electricity (kwh)
. Oi9r 0 8.26 71622  3278.09
sl @y N (kg) 12272.93
Maize-grain Olaud 0 0 30.18 30.18
Phosphate (kg) . .
iy 0 0 18.67 18.67
K (kg)
b iSg)6 0 0 0 0

Fungicides (kg)
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Ry 0 0 10.2 10.2
Insecticides (kg)

oSl 0 0 189 18.9
Herbicides (kg)

Total GHG (kg.ha)

— -2 _ _
(kg.hal) Js lalsds clajs 65x102 3634  1003.98

_J}P CEgw 1.4x10° 8.7x10%  10.66 10.69
Diesel fuel (L)
g 75 14x10% 627 4356  1990.34
Electricity (kwh)
Oior 0 3.97 34464  1577.40
N (kg)
wlind 0 0 2627 2627
5 Phosphate (kg) 3646.74
Rapeseed ooz 0 0 12.15 12.15
K (kg)
b iSg )6 0 0 0 0
Fungicides (kg)
LDL.;S.D i 0 0 10.96 10.96
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