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Introduction

The agricultural sector’s strong dependence on water and energy resources for ensuring food security for the
growing global population amplifies the necessity of enhancing water and energy efficiency in agricultural
products, while simultaneously maintaining the health of society and the environment. Sustainable provision of
water and energy is one of the main challenges to development in all countries. Since the agricultural sector is one
of the largest consumers of water and energy, any disruption in their supply can significantly impact agricultural
production levels. Increasing efficiency and optimizing energy consumption management are key strategies for
mitigating the environmental effects caused by food production processes. This approach not only creates
economic benefits but also plays a crucial role in achieving the long-term sustainability of production systems
through the conservation of fossil resources and reduction of air pollution. Consequently, extensive research has
been focused on energy management. On the other hand, unsustainable use of agricultural inputs such as chemical
fertilizers, pesticides, and fossil fuels leads to serious consequences, including global warming, biodiversity loss,
and degradation of soil and air quality. Therefore, sustainable management of these inputs is essential and
inevitable for maintaining environmental balance and achieving sustainable development. Thus, the challenges of
food security and the need for sustainability of energy resources in modern agriculture have heightened the
importance of assessing energy consumption efficiency. Energy footprint analysis serves as an effective tool for
identifying high-consumption areas and providing managerial and technological solutions to improve energy
efficiency in agricultural production.

Materials and Methods

This research was conducted with the aim of examining the personal characteristics of farmers, analyzing
energy consumption, and assessing energy indicators in the cultivation of three major crops: rice, forage corn, and
potatoes, in the districts of Dorud, Kuhdasht, and Azna, respectively, in Lorestan Province. Data were collected
through questionnaires and face-to-face interviews with farmers and analyzed using statistical methods. The input
energy indicators included chemical fertilizers, fuel, irrigation water, seeds, and human labor. The main sections
of the questionnaires included: (1) general information about the farmer and the farm, such as age, education, work
experience, and land area; (I1) information regarding the amount of input consumption, including human labor,
machinery, chemical inputs, fuel, irrigation water, and seeds; and (l11) information regarding crop yield. The
statistical population consisted of one thousand active farmers involved in rice production (in Dorud), forage corn
(in Kuhdasht), and potatoes (in Azna). To determine the sample size, the Cochran formula was used with a
confidence level of 95% and a margin of error of 7%. To calculate the energy equivalent of inputs and outputs, all
production inputs and outputs were converted to energy equivalents in terms of megajoules per hectare (MJ/ha).
In this research, indicators such as Energy Ratio, Net Energy Yield, Energy Efficiency, and Water Use Efficiency
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were employed.

Results and Discussion

The findings indicated that the majority of farmers were in the age range of 40-50 years, with primary or high
school education, and had a minimum of five years of farming experience. Their predominant crop was forage
corn. The findings indicated that the highest input energy consumption was observed for potatoes, with 123048
MJ ha™ 1, of which fuel energy accounted for 58.17%. It was followed by rice with 121117.09 MJ ha™ t (fuel
energy share: 50%), and forage maize with 98644 MJ ha™ %, where 60.85% of the total energy input was derived
from fuel consumption. After fossil fuels, agricultural machinery, with an average share of 30%, and chemical
fertilizers, with an average of 10%, ranked nex. The energy share of irrigation water in rice was 11236.39 MJ ha™ *
(9.28%), which was significantly higher compared to the other two crops.

Conclusion

Overall, the results revealed that potato had the highest total input energy (123048 MJ ha™ 1) and output energy
(151200 MJ ha™ 1), while forage maize had the lowest input energy (98644 MJ ha™ ).

Keywords: Energy consumption, Energy productivity, Irrigation water, Lorestan province, Nitrogen fertilizer
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Table 4- Energy consumption in the cultivation of studied crops

& ladgle &5 0w
S guano 03l Rice Fodder corn Potato
&5 Sy ol Span ol Span olie
Energy &5 &5l vy 5! s 3 &5 5l ey
cons.umption Energy Percentage Energy Percentage Energy Percentage
input consumption of total consumption of total consumption of total
(MJ/ha) (MJ/ha) (MJ/ha)
Ll o
. d)_ T 11236.39 9.28 2027.86 2.06 2550.00 2.07
Irrigation water
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ue
Y il
u***’ 40033.95 33.05 25204.50 25.55 32678.80 26.56
Machinery
OFs s 35
Nitrogen 7252.14 5.96 9372.59 9.48 7810.00 6.35
fertilizes
Py
23S )6 s pmSale
S S ike) 1496.16 1.24 1506.27 1.53 1745.80 1.42
(oxf 5o
Insecticides
N3 3L 551 14.91 0.02 26.46 0.03 19.97 0.02
Labor energy
» 540.23 0.45 489.50 0.50 6660.00 541
Seed
S35 S5A S
(e S sl) 121117.10 100.00 98644.25 100.00 123048.66 100.00
Total energy
input
w9 &3 IS
(s S 1) 55000.00 - 406250.00 - 151200.00 -
Total energy
output

2 Gl 03,8 (5155 o i 9 D sl Y gz 4 G )
blsyl » 5 (Mansourian, 2005) b scie dadllas divly yuen
heoetan Coy3S g plie Bpas (9000 (B (i padites
O g 65500 @lio ) dal, 56 o3kl 48 cansl ol )l ¢ azils A5
g Jlien ;03 3aB0 ) e (55laS )lubl @ e
slapllss > Wdged )5S (Pimentel et al., 2004) Ko
oz 3l 5o ol ol plasily g (o (o)l b (55518
LiuSsn o (iiSe (iomed D9 e Jids 551 jlaie ) ool
Y game Ol (6b3) 591, 5> (Mekonnen & Hoekstra, 2011)
@by b eVgame pao 3 1) @y Ol Gpas (Jler sl
b wle GV guamme ¢ blie jd led,S Byme (s34 g o VL
sy 558 5l )l 65V loil g 208 T Sl oS (ladgle

5 s ol e a4 Jpame ool s (Saudly Sl sl
ool O (6559 e c Blae 55wl Ol JES1 g 5hes (sl (Jund
IXIY Jsles ) U580 YOB® o ity )3 5 o jimpws CulS p3
@51 IS AXIE Jolaa) JgiSa YoVA o (3959 551 IS
iS50 olel ol 6531 pr 52e8 b 0 Bloo (52909
FoS Gos ¢5olsS A 095 o g e )3 9 (eji—
(F Jgis) wib 05580 65kl slapinns 5YL oL g (o5l
3 g 039 Y sae plo plp gy 293> @ > ol (555 ke
D & 63919 G5 S5 2 ) e e B o)
ool Llyor Molli 9 (51 sl iaghy byl gk b
Ol Grao oIS oy , (Heidari, 2011) ¢y aie; opl 5
@ b pol ¥ gams ol 5 )Slas ol dilises (slaglil )5



VPO 4l O osleis Fe b (S gl w i Ve

SYY) 555956 5 (4015 YE-V8) o bl oy 53 Bitas Jpuasms o
ol a8l el azily 1y &Y pile (655 Gyme oyt (a5l
Jpae ol eS8l akimd Ll %00 Jpame 93 & Camd 03
J9i) Cal (e g g p b duglie )3 (edle (S Sliles 4

{0 Jgi> 9 ¥

039 98 ¥

S odmlio (sladgle )3 53 355 4 by (51 oo (2 pen
(83955 551 VLIEA olao) JiSn p3 o350 QAYVY/OAR | &
e 9 @ A S ) GGl ISl e g BB i
5 (2929 5351 DI Jolas) Jo3lSe YYOYNY sy Jlaie oyl
Py o sl (6399 53 V- FIYD Jolas) Jg3le VAY -
3909 351 JS 20>V B8 dgu> pgerme 13 (abend sladgS
5l g s e olaitl 3 a1y 58S pl ) d92ge gl
J942) 505 )18 Y1yl § o g | g po (545 13 (5,35 51
(f

355 (555 s Hlade a5 33,5 o sdalie YL ol 4 s g5 b
@ S o (o )l 1 g sl i 503 Jgame 93 51 )3 5
b 395" Jolae (65l wrw 21> 5V o (93959 51 S
Pl s GiFl 5l ledes LiSe 8 (Lia 355 ot
83959 il epal opl &S polais] g5 4 ddllas 3y50 Y guazee
Sheikhzindin) s> o (a1 (6550 (5590 542 9 Lil33l 1y as 50
ke 55 (srlond (gBDS (o jum S > (& Ghyasi, 2022
ol 3 ohagt Jpaze cpl laidly (39)9 5551 > (29 JB
ol el b o) oy 5 o 4 4 YL b s, 4l
DIV (Gojim CudS )3 (Bpan 35 Joluo (555l e ¢ 340
ol awly ladoS g 05l (YL B punn 51 5L Ldas oS 029y o yd
Mg oS 1S e auli 55 (Roy et al., 2008) ), Sen 5 (59, aslllas
SiPl Gpae JS 5l 8oyd V0 29 aleda (g 395 Bpac
OSen g odl5 &5 dalllas guls dad o olaidl 28 4 1y Sl
&5 whew doyd 0O a8 00l Lis (Taghinazhad et al., 2019)
95) e s (555 & borpe Jud)l )3 pAS Jpaze (539
el (SYIdle 5 5 ¢ liasdh pgons

(LAQiASEJG glaasile g LAUZS&T) pyoru —0
bz C.')Yya.‘xa L’M;';S): dj)’“ k_é).aa.n 33 Pyowws do:L@ ok
33,8 o 0dblio Jodo (pl ol bl y .l oads &)1 ¥ Jaao 4o

VO-FIYFA L plys poons G puaas 5| ol (65,3l sladgle > 15 a8
Jie ol 45 ol (L399 (550 74 VBY Jolao) HlS 53 o5l

(855 e 5 43 w1alie 55 3ol )3 S o o )L
B 2 o e i b pgucSy g0 (gladgle 5 )5 ()bl O
Jalili et al., ) l,Ken o Ll iogh gobs b sl pl .cuwl
51 ooolaiwl widges iyliS sl lddse 2yl Slesen (2016
S5P Bao dopd Fr U Wlgh o och)d 40 (pg okl b i

Ay ials ) ]

GA gu =Y

OYgame culS 0 (il Bpas 0 Cogw goolys piw
odalin Jodo pl 2ol Lol p.culodd Sl Y Jodn o calizee
52929 S35 S 53 e S5 51 03led (et e 45 33,5
(5525 8551 75 41D Jlas) S 55 J53lSe £+ WA L
b oap 290 Y game (e 3 1) dopd oyt 45 05 dwle
Syobds 14 oamline (ol Hlade 55 (e j0 0 o LS
LONNY) S 53 Jo3e VIOAY/+A cdgu 5l 3L g5y &
J938 £ OFY/YY Jludo ol g cutS )3 0 355152 (6399 5551
2o & Cons Vb wpew pdide 4 39 (2939 551 /00)
Maysami) JMs g oo (¥ Joiz) Conl oS SWl &Y guace
Ol Al Jaase j widged (555 5 (& Jalali, 2020
35 a1y Jlde oy yiddie (B g 030 (6551 <655l B puan slroslys
Zahedi) ;) San 5 (s0lj buwgs el gulis .Canl o3l olazs]
J.Jy 2 UJ).».) L/\_'>9.u.i e 09 \/L 009*4-'" 2 (et al., 2015
(Fabiani et al., 2020) ,\Ke2 5 (Sluld g L8 )i 5 Suo jum
sl 003 )5S a5 Jganee Ag

¥ Tl -¥
ol ¥eoYY/A0 Q\ﬂwish S5y Bpae ggezme b iy
ol sl ooy polaisl sg 4 (isu el 3 1y 65980 Olsee oy
Jolye 3 Vlepsle (50 a5 B G puaas 5| _5b bites YU i
o1 s Sl (1513 YAAY) (65555 5 (sl Q- YAA) (sl
b o cpgd 45y 5l o) giloslel 5 Of e 5
Oy 230 1,8 asls YYSVA/A Q\/]O,,I‘:Lo S5 Bpas ggomme
3 o 9 (3219 VA-OVIF) (gylol Al o 4y bgayo oline 0l )3 o
iyl Gpan 4l 3939 bl (a5lg VOY/F) (65,555 o
Ui lomen Ll wunl gip il e daejeuw > Y pile
opods ¢ Jgae pl (6,055 5 cutS (slS Unlpe j0 @Y piile
Erae 5l i npeS Cunl 2 g BB Gl 3y90 Ol (b
2]y YOV-¥/0 gg0m0 b el adly olass] )b 4 Y pile



VY S g sladgle @3 iy ddg 50 (551 S0 Sl (ol g 553005

(¥ Jgi) Conl ¥ guaseo
el 318 o & Copmd yly Bpan (50 i@ CuiS
(ol b it cudS) cubls” slo yigy > gles 4 a g b Lol
2 Al e g ol Jobe (g5l ol @ity g Bpas ke
Go oSy oy (eladgle @y S wle GYgpare Sy
2 i (U 53 2SS ¥ LY Joome poboct) 3)lilinl
el g (oo (gl (Bl L g9dge nl ol (ol (B pan
Oyl @yd g 3y50 » (Mohammadi & Omid, 2010)
wile odlys plo b dwslie 3,0 (55 o & o) cilas

D 03> olaid] g3 &y |y maaw (a8 sliowd 365 o Ciguw
e el > g 8 amae i D Jss ol ol
OI) bl 5 (AFFA Cd g VMY SV pile) (65,95 55 0394
2 @Yb GGl Bpae g 039 Jpaze (il (BVYT/FA
5 (F55) Y LiSu » awejemw b Ylile g Ol iso
wobadlags a1y (5,31 oy i (FOYYDIAR) ()bl 8 gus B oo
am3 e Gl 531 S B 31y o e Jole (a5 03D
33 ohj Jolye it 3 1) (Bpas G35l cn oS S gl )
L sishs (5 9 4528 FVY (555515 i 5o SV Tmile 5L0)
(st e (VIAY) 5,555 335 5 (RYVYIOAR) s 38 a5l
£ &S Jad o i gl pl Cuwl 035 cu |y Bpas
N > oo (185 o e slajls g udlS g (Jpao
St slp Sy pals cpl Jdos g il (655 B paa
il 4l oYU cuedl (655 sladl i ials g 0)gh (olapiuws

NIPREY

dadlas 3 g0 &Y guans 51 3 5500 age slapadld
(Energy ratio) (s3 3 caaeas -\

aSob Gl ely; Jpame dw )0 (655 Cuns a3l o)y
ol sl 1y (655 cans YL BN Jlade b gladgle @b
$2939 $551 4 S (295 551 oo S el ] Sl e
S5 Comid ¢ o jamw 30 ol GY guamo plo 1 b ©)d 43
YU binns B ppao g lawgio o) ,Soly a5 sol cawdas VIYY b il
O adllas 3550 Y g Gl 3 1y (5553l 2D Gl5e 02 58
(5 Jos) ol

VXY Joles) Jg3e WYOIA oy oliie (nl g 9 (hamjicu
(o855 <350 - VIV Jles) o350 VEREINS 5 (085 25 /-
Gy o (391 alie I (Sl Sl OS] oyl 3.8 3,91,

bl (59,43 —F

e @Y gane cuiS )3 (55l Bpan )3 Sl 98 e
30,5 o odalie Jodo opl uls Lolwl sl o 1)1 F Jaas 5o
93935 Yl Jpazo dw ya Mg ) Slusl 695 (555 waew &S
Sos3l 4 (Sanly 5 s5el35lSe SV o Sk o8 33 s
Jo38e YSIE5 sl il b jblize (65,0 «)d )3 waml loud
J93ENVAY (e i )3 53909 5551 Toe [T oleo) 1S >
11X Jlao) Js3i5e i 2 5 (o909 551 7+ Joles)
rone. A8 i3 oo Ui pB)] () 0 dslxe (53959 555
aalllas 3590 £5l30 p> 2 ald 3 (58 (G5l el o sl
2l 4l Jgio) conl (39)9 (551 U5 20 yd @205 I a8
$5o9liS glopllas Sl gylews 53 Sl ) 5950 45 5,5 hgel,
)l (el)j Sllos plol )3 core 5 Glixen 05slSedons 5 (i
S 9 Sl (555 o 3l 3 53 X5 2 5
Fomb Yeare ol Ol b cégw 08 Al olaedlys 4 cowd
Sy uwd Ollos & &S gy i ols Y gase )3 Lol il
A5l dagr BB Wl o mhw opl )l 5L

oY
Joa ) @l S gasme cutS )3 (5551 Bpan )3 )h prew
Lg))"l oS .).))fgo ol J9A> Ly‘ CJLJ u»lwl » R W c\jl)l ¥
OS5 gy 2 2)90 Y guame (oo (ST gles )y 51 3L (63959
ZOIEY Jolao) S 53 Jo3l&o £55+ 43y (55 ¢ simojrums 5> 313
eYgare plo jl e (2P B jsba & 9 (3909 55!
S5P IB b S (o) slaose jl oolainl 515U yol ol
(":J)J 9 U).) » 6JJLOA JLl Ll OMe Sis dLb)JJ L ML&G Jel YL
5 (2939 35! 110 Jolas) Jg3lKa FAID csgias ,r (555
Cglis 45 5 gl (6399 (5551 + //F0 Usleo) o550 OF+/VY
2% 58 VL e oy o0 sl ) S0 b Sl
plo & Cans Jgame cpl 5L (6551 wre BV I (e i



VPO Hle o oslos Fe b (S gl @i VY

S5 Sllos K8 @y andllao 3,90 Y guase ;3 (655 B uao -0 Jous
Table 5- Energy consumption of the studied products, broken down by agricultural operation

. pb - . — TS 3 RT3 b
ldas U 37 3 R 5 2 LTS . o yiS i)
. Jypao sl cd 855 i e S
i el o * Seed gre OIF s 9 eoisE,B
Agricultural 4 Machinery Fuel Energy Irrigation Nitrogen J A
Operation Crop Energy Energy Water Fertilizes Labor (o s
Name Energy Insecticides
@x 1881.00 9468.00 - 2239.20 - 3.92 -
Rice
SinpSt N 627.00 3156.00 - - - 7.84 -
Tillage Corn
(i 752.40 3787.20 - - - 5.80 -
Potato
R@i"é’é 250.80 789.00 540.23 3262.48 7252.14 2.94 -
— = 125.40 631.20 489.50 674.35 9372.59 5.88 -
Planting Corn
CARASH 175.50 82060  6660.00  1203.78 7810.00 3.92 -
Potato
@r 37620.00  48865.91 - 5733.69 - 2.52 -
; Rice
ol shey -3
Water = 24076.00  54809.68 - 1352.00 - 5.88 -
; Corn
Pumping o
e 31350.00  65335.89 - 1345.00 - 4.72 -
Potato
@x 94.05 158.00 ; 1.02 - 1.96 1496.16
Rice
e = 156.70 473.40 - 1.53 - 2.94 1506.27
Pesticide Corn
R 250.50 631.20 - 1.22 - 3.53 1745.80
Potato
Er 188.10 1262.40 ; ; ; 357 ;
Rice
— <0 219.40 946.80 - ; - 3.92 ;
Harvesting Corn
R 150.40 1009.20 ; . - 2.00 -
Potato
adllao 3590 Y guase )3 (559) Comnd =1 Jou>
Table 6- Energy ratio of the studied crops
Jgazo (MJ/ha) 63959 $55! (MJI/hA) gy8 558! (855! S
Crop Energy input Energy output Energy ratio
@x 121117.0929 55000 0.45
Rice
61@91; CJ)S
98644.254 406250 4.11

Forage corn

i 123048.66 151200 1.22
Potato
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Table 7- Net energy efficiency in the studied crops

Jopase  (MIha) 39,9 5591 (MIIha) (agys g5 (MI/ha) 5,91 LAl 035L
Crop Energy input Energy output Net energy yield (MJ/ha)
G_;f‘ 121117.0929 55000 -66117.0929
Rice
lbsle <0 98644.254 406250 307605.746
Forage corn
(i 123048.66 151200 28151.34
Potato
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Table 8- Energy productivity of the studied crops

Jpame S99 S35 Jgate 3,8es S318,590 4
Cro (MJ/ha) (kg/ha) (MJ.kg)
P Energy input Crop yield Energy efficiency (MJ.kg)
é_j” 121117.0929 3500 0.02
Rice
SMdole )3
98644.254 30000 0.30
Forage corn
@I 123048.66 42000 0.34

Potato
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Table 9- Water-energy productivity efficiency in the studied crops

Jpame  (MI/ha) g bl of Joleo 55551 (kg/ha) Jomamo 3 ySdas

(kg-MJ) Of & o 1,18

Crop Energy water irrigation Crop yield Water consumption efficiency (kg.MJ)
e 11236.39 3500 0.31
Rice
el <2 1924.63 30000 155
Forage corn
St 2550 42000 16.4
Potato
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