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One of the major consumers of water and energy sources is agriculture and
evaluating the performance of irrigation systems to determine the efficient use of
these two sources is one of the priorities of sustainable agriculture. In this regard,
the present study has conducted a spatial analysis of water and energy
consumption in Qazvin irrigation network. For this purpose, first, the dominant
cropping pattern of the study area was extracted and then the water requirement
was estimated for the products in the cropping pattern using CropWat 8.0
software. To estimate energy consumption, energy consumption in the sprinkler
and drip irrigation systems, groundwater pumping, diesel fuel, labor, seeds,
machinery (tractors and combines), chemical fertilizers, and pesticides for each
available secondary field in the irrigation network was calculated. The results
showed that the highest energy consumption in all secondary farms indirect energy
consumption is related to diesel fuel with 40% of total energy consumption and in
indirect energy consumption belongs to nitrogen fertilizer with 20% of total
energy consumption. Also, in the energy used to pump water in irrigation systems
at different heads required for pumping for crops in the dominant cropping pattern,
alfalfa consumed the most energy with a value of 4811.44 Kwh / ha and corn
consumed the least energy with a value of 1194.19 Kwh / ha. According to the
results, the impact of diesel fuel, chemical fertilizers, and water pumping on
energy consumption are high, thus controlling the consumption of these inputs
would significantly reduce energy consumption.
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Table 1. Area of each second grade crop area (hectares)

Name L1 L2 L3 L4 L5 L6 L7 L8 L9 L10

Area 5772 7303 21700 6654 2346 9802 7800 13045 2500 4480

Table 2. Irrigation system area in each second-grade crop area (%)
Name  Surface irrigation (%) Sprinkler irrigation (%) Drip irrigation (%)

L1 70 20 10
L2 68 21 11
L3 65 23 12
L4 60 25 15
L5 55 27 18
L6 50 29 21
L7 45 32 23
L8 40 35 25
L9 35 38 27
L10 30 40 30
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Figure 2. Geographical location of Qazvin irrigation and drainage network
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Table 3. Estimated values of energy index inputs

Crop Seed Human labor Tractor Combine Diesel Oil N P K Herbicide Pesticide

(kg/ha) (h/ha) (h/ha) (h/ha) (L/ha) (kg/ha)  (kg/ha)  (kg/ha)  (kg/ha) (kg/ha)
Wheat 293.5 495 52 1.3 579.3 161.9 137.4 162.2 39 1.2
Barely 232.7 350.3 473 1.3 486.9 183.6 1213 91.7 3.1 1.7
Canola 6 208 7.1 1.5 141 131 110.5 46 2.2 2
Sugar beet 53 932.9 39.7 0 498.6 130.3 129.6 108.8 2.6 5
Tomato 0.5 1093.2 46.3 0 153.5 406.4 418.5 105.6 0 22
Silage Cormn 71.7 489.5 43.1 0 633.1 214.4 90.5 57.5 5.1 1.6
Alfalfa 40 316.9 140.9 0 380.4 92 575 138 0 1.5




VF+F (090 0ylas w0 jw 0,90 o 55lof 9 of o o Y.y

Table 4. Energy equivalent of inputs in agricultural production

Inputs Energy equivalent Unit Reference
Human labor 1.95 (Mj/hr) Zahedi et al., (2015) (b)
Tractor 62.7 (Mj/hr) Zahedi et al., (2015)(b)
Combine 306.7 (Mj/hr) Ovtit-Canavate. and Hernanz, (1999)
Diesel Oil 50.23 (Mj/L) Zahedi et al., (2015) (b)
N 75.46 (kgr/ha) Zahedi et al., (2015) (b)
P 12.44 (kgr/ha) Taki et al., (2013)
K 11.15 (kgr/ha) Zahedi et al., (2015) (b)
Herbicide 238.32 (kgt/ha) Zahedi et al., (2015) (b)
Pesticide 101.2 (kgt/ha) Zahedi et al., (2015)(b)
Wheat 20.1 (Mj/kg) Zahedi et al., (2015)(b)
Barely 14.7 Mj/kg) Firat & Gokdogan, (2014)
Canola 27.6 Mj/kg) Unakitan et al., (2010)
Sugar beet 50 Mj/kg) Zahedi et al., (2015)(a)
Tomato 1 Mj/kg) Canakei et al., (2005); Esengun et al., (2007)
Silage Corn 14.7 Mj/kg) Zahedi et al., (2015)(b)
Alfalfa 28.1 Mj/kg) Asgharipour et al., (2016)
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Table 5. The area under cultivation of the dominant cultivation pattern and its net water requirement in each range

Cm;‘a“ge L1 L2 L3 L4 L5 L6 L7 L8 L9  LI0 Sum
Wheat* 3578 5180 15278 4021 1438 5037 5448 5455 1485 3129 50050
WR* 248 359 1061 2794 999 3499 3785 379 103 2174  347.69
Barcly 153 290 897 497 247 653 438 732 36 392 4634
WR 078 146 453 251 125 33 221 37 17 199 2346
Canola 399 548 1670 397 160 565 608 622 126 345 5442
WR 232 32 975 231 093 329 355 363 075 20l 31.87
Sugar beet 0 24 584 439 176 1958 385 704 141 129 4540
WR 0 0.18 443 22 134 148 292 534 107 098 3451
Tomato 388 329 680 169 68 215 109 5217 155 19 7526
WR 305 266 552 136 055 175 089 4233 125 159 6107
SilageCom 692 107 819 0 66 275 277 140 105 75 2556
WR 305 049 374 0 0.3 125 127 063 048 034 11.65
Alfalfa 563 825 1772 1130 190 1099 535 176 150 214 6654
WR 47 69 1484 947 16 92 448 147 125 179 5572

*Area= hectare, ** Water requirement = million M>

5 Jisl plasly & 5 b (QaBL ol ) o e lizm cdgions 5 palls 1 b (bt |

0dgde 1 Ol Lipae e gi o oanlie a5 jobo e wcawl kel (F) Jodo 3 o) s 45T w39l w8
ool as 90 4> elyj (clmodgazme o yd JlMEe p S ke 45 039 e yie yoskeo YAS/OA b plp L3 el);
S 0)93 3 |y Bpan ylaie S caSayto (igelee VUTD Ol Brmo L LS ely5 035000 03 (gm0 e
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Ogebeo YY+/VO Sl oS 3939 (Paw ol e (298 il (gladlate < S yh gy endal)] ol
el i Ol gl e nl 3 (Reg i e xaw Ol e 35iaS 425 bl 039 CaxSlo e
dsgion gdd ) yodS woini o mlie ey 2oy A0l i 0B 5 & e b & 0gbe

el o ol @ ataly (o)l claaSis ¢l (o yks K55 (Kamrani e al., 2020)

Table 6. Water consumption in each second grade crop area
Name  Area under cultivation (ha) Net water requirement (million M°)  Gross water requirement (million M*)

L1 5772 38.97 67.24
L2 7303 50.90 61.70
L3 21700 148.95 180.55
L4 6654 45.80 55.51
L5 2346 15.96 19.35
L6 9802 68.68 83.25
L7 7800 53.17 64.45
L8 13045 95.03 115.19
L9 2500 16.83 20.40
L10 4480 30.44 36.90
Sum 81403 564.7 684.52

a0 5351 ¥
&5y Slalre § Jols zoli s odliul (V) o (V) Vol 5l ol); o300y 30 (g5l CGopan ime 39l (ly
5l SSE 4 A cuitS g ) Jpamo o (o) Sl g (rlaw O) Bpae Ol eyl (Bpae
2 e (V) ot 0 (iweins o gl orizen o Gk bl wlles (glojlad ()bl wlols ) Sloy (Bype
el s 3 (g5 e ol oo oanlite gt ol 0 &S bolen usl 005 &l S Sy > Jpuarma
9 YYOUMA b ply caspas gy Yo g Ve el)l 90 0 g sly (Spas (655l pyoie 0 0 i (sloylad
e b o> (dly (gyie Vo gldyl  Srae g5yl ppeS S0 Byb il il iSa el Slggls WYY/
s ol S > el ClgglS FFVNA lade b puS (gl (g5t Vo glaiy] 0 5 )l 3 cel Slggls VAAY/VS
9 5 gy s el Wl (] > (Bras (55l ot w5 Gl k] slaailel > (65l Byae
Sl S R0 o sl S 13 el ClgglS YYYF/YY o FAVV/FY polie b sty (5550 B0 9 Ve e gl
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Sy g e el @lgghS VEOIVY Jlade b dosigy wd o ol Ol zlysinl lp (655 Bpas ol ¢ pwiapd
Sloaly olaidl dgd a1y B pan (6551 S g cn e cw i iSa 0 Celw Glagls WAF/NA lads b (sladsle

Table 7. Energy consumption of groundwater pumping for each product in irrigation and water extraction systems

(kWh per hectare)
Crop Sprinkler irrigation system Drip irrigation system Water extraction

Head 100 Head 50 Head 70 Head 20 Head 47
Wheat 2388.7 1546.37 2011.54 641.18 1194.35
Barely 2573.6 1666.07 1693.16 690.81 1286.8
Canola 3245.77 1622.88 2127.79 883.57 1496.66
Sugar beet 4724.57 2325.66 3207.61 988.86 1794.61
Tomato 4685.75 2306.55 3232.8 980.74 1779.86
Silage Corn 3143.9 1547.58 2169.05 658.03 1194.19

Alfalfa 4811.42 3234.34 3259.59 1336.5 2405.71
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Figure 3. Seed and labor consumption energy in each second grade crop area



Yo OlyKas g sy9le vy | 953 6y L] K £ jo gl 43 (5571 g I Spao lise (ot 0

Cgu) 203 OF 323 Cl g )3 5 403 VY (17955 355 )3 I a5y )3 (6531 o Cn st 5505 Shoj

o ingy mbs (Fathi e al, 2019) cul oss (5)l55 (pskiS o¥lostle 5 o jhay ) Lbypas

Co g goodles 10 ol (65,5 Byuas samd il g atil Calles yidgh (pl 53 ol glywl ls b 48,5 g0
ol (olosd ladgS o

600 8

500

400

Combine(TJ)

300
200
2
100 J J J
1
0 J J 0
L1 L2 L3 L4 L5 L6 L7 L8 L9 LIO

M tractor Diesel Oil ®m Combine

Energy consumption in Tractor (TJ)
Energy consumption in Diesel &
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Figure 7. Water pumping consumption energy in each second grade crop area

S psbglon usl ond ALl (A) U )3 93 a2y (o)) Glrodgione ) Jpame o Mgy (655l Spae @ls
e b a5 4 byje (bl 4 Jpame S Mg lp odichio (G5l ke ogbe dalie
My ly eddByn (g5 (p S Gl (Bpae 55l IS aop FYIO &S Cul cels Slggls” AVAALVFYY/YY
oypan (55 JS 3l dod YIA &S Canl Cacls gl DYV N AVE/SD lise L IS & bgspe (o)ll a8 )3 Jguamo
oly a2 90 00 5 13 oyl W5 (sl (Bpae (5551 e 59 008,55 OV guao S 5 s b
2ol @l o bl e S Wy el endibio (g5l e wdle culS (5580 3 d2g0 Y gas (4l
b sladgle @55 @ bgye g5 sl 0adBpo (55l cn it b gl bl @l ol 0ad 4l sdalie (A) Jou
2 el SloglS AASY/AR Jlae b 1518 4 bgs po odiicd o (65501 cp S 9 )i jd celos SlgahS VITYR/ Y lads
2 el SlgalS YOV /FA (dadole )3 a)es (gly oAb Byo (655 did S a0 sl jingh gl 3o .l S
OAYIVE a5 10iS 13 adlllaodjge deyio Voo o 131 Woi (gl odidyo (65,50 (Iman Mehr et al., 2016) ,lsa
S 3 el oS WEAVY s p08 g5 (gl 08y (o5 ) (Unakitan et al., 2010) kS > celw Clgahs
SN,8465 Wgi (gly 08 o (555l (Yousefi & Damghani, 2013) )iSa 3 el GlgglS VOAFF/YA avys o
SloglS WAAY/AY 38 ,0ie Wy (4l ordo (55, o (Raeil ef al., 2011) ,iSa > celo Slgels VAVVY/ -5
S5b ciillas pols ingh puls b &S cul (Zahedi ef al., 2015a) Sa » celw

1200

1000

800

600

Energy consumption (TJ)
S
(=3
(=)

[N
(=3
S

L1 L2 L3 L4 L5 L6 L7 L8 L9 L10

(=]

m Wheat ®Barely =Canola mSugarbeet ©Tomato mSilage Corn o Alfalfa

Figure 8. Energy consumed to produce crops dominant



Yoy OlyKas g sy9le vy | 953 6y L] K £ jo gl 43 (5571 g I Spao lise (ot 0

Table 8. Energy consumed to produce crop pattern crops

Crop Wheat Barely Canola Sugar beet Tomato Silage Corn Alfalfa

Energy (MJ/hr) 63218.3 64537.1 35524.5 60999.5 64352.5 76801.3 55401.3
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Figure 9. The amount of water and energy consumption in status quo of each second grade crop area
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