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Article Info ABSTRACT
Avrticle type: As one of the most important food producers, the agricultural industry consumes a lot
Research Article of energy to produce various products. Also, agriculture is the largest supplier of

energy in the form of biological energy. This study was conducted in Khuzestan
province with the aim of investigating the energy indicators of okra and the
contribution of different inputs to the total energy in monoculture, intercropping
(okra+cucumber) and agroforestry (okra+date palm) systems. The simple random
sampling method was used to determine the survey volume and calculated sample size
in this study was found to be 139. The data used in the study were collected from okra
farms using a face-to-face questionnaire. The inputs and outputs were calculated per
hectare and then, these input and output data were multiplied by the coefficient of
energy equivalent. Following the calculation of energy input and output values, the
energy ratio, energy productivity and net energy were determined. The results
indicated that averages of energy inputs in monoculture, intercropping and
agroforestry systems of okra were 78763.77, 81269.27 and 52502.42 respectively,
while the energy output in these systems was 17575, 37380 and 113715 MJ ha-1,
respectively. The energy ratio in monoculture, intercropping and agroforestry systems
were calculated as 0.223, 0.460 and 2.166 respectively. The energy productivity in
Keywords: intercropping system was calculated as 0.470 kg MJ-1, which was about 302% and
Chemicals 64% more than monoculture and agroforestry, respectively. This issue is due to the

! higher yield of this cultivation system compared to other investigated systems. The
results also indicated that energy inputs of plastic, diesel fuel and chemical fertilizers
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energy equivalent,

energy productivity, have the largest share of the total input energy in the investigated systems. To sum it
plast_lc_, up, for okra cultivation in Khuzestan province in non-agroforesty system, it is possible
specific energy. to recommend intercroping system by optimizing input consumption and reducing

energy consumption, because it is superior to monoculture in terms of output yield.
Cite this article: Jalilian, A., Jahansouz, M.R., Ghasemi Mobtaker, H., Oveisi, M., & Moghadam, H. (2023). Evaluation
of energy indicators in monoculture, intercropping and agroforestry systems of okra (Abelmoschus esculentus L.)
production in Khuzestan province. Iranian Journal of Field Crop Science, 54(2), 141-154. DOI:
10.22059/ijfcs.2022.348292.654938.

@ ® @ © The Authors. Publisher: University of Tehran Press.
DOI: http//doi.org/10.22059/ijfcs.2022.348292.654938



mailto:ashkanjalilian@ut.ac.ir
mailto:jahansuz@ut.ac.ir
mailto:jahansuz@ut.ac.ir
mailto:mobtaker@ut.ac.ir
mailto:moveisi@ut.ac.ir
mailto:hmoghadam@ut.ac.ir

S
TETT_AAT s a1l

I (S14 cﬂ??"‘

- |,2: - e
e 08 | e il
Homepage:https:/ijfes.ut.ac.iv/

4ol gi (515 SR g bgliue (Al CulS Sl 59 5351 GBS L)
Obw 392 Ul 48 (Abelmoschus esculentus L.)

2 0ado Cywd 12 cu gl stluao |7 jSie ol cypanns | g'},.wdl{,? (- SRV AR WA RN (W

ashkanjalilian@UL.aC.ir ..)l,! )8 <o) sa5 oKy ¢ o @lio 5 (659U B8l ¢ 659l 0autls (il Mol § sl 09,5 )
jahanSUZ@UL.AC.Ir :asblly .l ! iz S ¢yl g oKl ¢ rnb ilio g (555liS GBS o559l 048Ul (bl Mol g cslyj 095 < gams 03iua g5 ¥
mobtaker@UL.acC.ir .. ),l )8 <ol x5 olKiily (o wlio 5 (659UiS BAKE ¢(65y9UsS 0aSutls o6 y9liS slapmidle  pwdizes 09,5 ¥
MOVEISI@ULAC.IT . )l )8 )l olKuiils ¢ omulo wlio g (55,9l B sl ¢ 65,9l oSl (bl Mol g celyj 09,8 ¥
hmoghadam@UL.ac.ir .1l xS «lpd slKuisls  gands @lio g (6559LiS" BaSaI ¢ 659l 0aKutsls (il Mol § sl 09,5 .0

oS> Ao SleND

4

Y gaxo Mg Cap 3 o5 Milis IS Nlge GBNSIIS (ke I S SigliS Camio (iagh Alie ellie oi
S35l Copgot 5Pl eaiS s e (e (65)5liS (yioped S (o SBpan |y (555 (0L ke
S3Pl 3 (Srae s o3l phew 5 S35 sl JaSLE () B by 1Al e 5 (g
35 (s 259 +asal) el UKz 5 (b + ael) bgbs cpalls calS (sl i o J5 VYRR B8
alas Gk ) 3sliS WA 15 5,50 M) plsl lisigs il 5 allae gl ety TNV 0P d &6
S s o 3] S0 Sy 15l 3 0050y Slaolys plat ol o 05 pyglgms iy DB

9 pSoilul (5l laasls g (295 9 63959 S il sl (63959 (65l AL oo

VB0 bl &6

babro (yalld cuiS 4 (63959 (5550 o )lis ol .Sad duglie b jadls oyl Lo 5l g aojlgads
el Conddy e 53 Jg5Ke VITYID § YVYAS AVAVD i pay bapiam (pl 0 (>9)5 555 SNy
YINES g +[¥5« o IYYY e dnl 2ly; SR g bgle (alld cuiS (5 (65 ,5) cas g0l W85l s
265 5 > Chgw « Sy soodlg 0 s dw o )3 S (G5l ek i g2 (lrors sloodles
Spas ilwdine b glyie (o) S 8 lulpd 3 al culS cap IS Hobar o obewd S5 il

2,5 duogs |y byl culiS Bpae (5] Lials o bodlys

AOY=VE) (1) OF (] ) GlS pale . \lus;es liwl )3 (Abelmoschus esculentus L.) awl el); i g bolses
DOI: 10.22059/ijfcs.2022.348292.654938

kca‘z-rﬂ S tiags © oyt oKl L] g £



mailto:ashkanjalilian@ut.ac.ir
mailto:jahansuz@ut.ac.ir
mailto:jahansuz@ut.ac.ir
mailto:mobtaker@ut.ac.ir
mailto:moveisi@ut.ac.ir
mailto:hmoghadam@ut.ac.ir

IFr olwjss Gluwl yo a0l udyi' (£l SRz 3 Lylio (Il oS slopiunns 40 541 slogaz ls (b))

doddo .

Y gae 1 (S g cunl 03y olaid] 3g3 & Hlul o 1) ely; SV pame A5 g iy pdaw cp YL liwjss bl
(oliwjes liwl 3 (S59eST 5L 500 byl pb dvan g3l oS il o (Abelmoschus esculentus L.) awly oyliwl ool js sddbcais
Jaaze cpl & oids el liwjsd bl > Jaame sy cuwslio loj .(Javam et al., 2020) 5,y g5 bl 5 Slas
by oy -(Javam et al., 2020) cuwl osds o cuiS )5 l559LiS” JLBl el pol cpl g A3L Jl5y68 0 g BB cosd |
Db e CulS 0)lee lalS K3 5 Lugd ols ls Sl L olyen byle cuiS Cjgo 4 gz (ol oS amd o oL
oobais] 393 4 1) U lin iy 3935 )ld CulS ol 4 o5 Bl g )l oS L 8 il )3 bglse S s o YL
Obe 33 5y y8g,ST Ciygo ay £lyj olS pl 300 byl 50 bl o arol olS L bl cuiS jo ] 5l ddisw &S cawl 00l
Dy e CuiS Cusl Jl3)03 5 55 (e JB iS5 pdaw Sl g Al ee il (g5ygliS Y gasee I (S a5 Lo (s
Mg oliee [(Javam et al., 2020) cuwl Jglite bl calises blas j3 5> (6 5YL cuilS yj pdaw &S 50 dwl (alb cuss
P i CuiS ) pdaw opyide (FAO, 2021) Cuol jiSa oo Y/ Jolee (xdaw 1 o5 oygdes V/0F dol Slex
Ao g 5 5 b > ity 4L 3Slas 5V Jlocull sl 005 S o 5 s o (5lo58
CiS i e oy it S VNN b liwjed bl 5 L5l e kS WOS ) )3 awl cutS 5 daw (FAO, 2021)
5 345, dayolig 39lls b 4ol ogee (Ministry of jihad-e-agriculture, 2021; Javam et al., 2020) >,l> |, ;58
$lg5 oo e dwl (b pae (Fekadu Gemede et al., 2015) wib o a9 b6 SlansSl 5l (olgs (ol laasegMs
(S slacigis @) 5 e S8 mas Sblon 5 p35 oo (S st o qild Sl ol
[(Dantas et al., 2021; Romdhane et al., 2020) Ll 4isld Cuuiigp 9 l6d slaglon

e (slilas oadades (3l Glise (np Ol Sk drwgi g (65ygliS A5 53 (SFdsST colie cn Pe (S 059l
g dmg S ) 18l 4ndh VL (55l 6y90 000 & (o) s 2 CIS g5 o0 (S sl Ml 0B a0 (55 5]
s2ly a2l elye 4y 1y (50581 (6Ll 5 laorecunss bl BT WIS e s Hlae ) 5 1S (0 €S iy (5558
Ol 9 ol 5 gade ((Bpas (655 i Glei e ol slayll was gl 059,0] (Nabavi-Pelesaraei et al., 2021)
{(Nabavi-Pelesaraei et al., 2022) 5,5 wyp |y Mo Sglate Ll s )3 (65,9UiS  winmmw o 21,8 )3 035 jo (6 135 31
SYL (1o VIY) Sl bwgio jl jlade cpl a8 bl o doyd Y/F jouiS S (6550l Gpan jl (6550liS ppuw (IS Hsbay
S im0 Mg g oabB pas (5l e D o Ll Gllles (Tavakkoli Kakhki & Ghodsi, 2020) sib .
St ) Copde 09ud (alply Wbl Olite o] Cuypde 0ged (izmad 5 (SP Jpame g9 (gjgliS il
olallas ((Javam et al., 2020) wisb cglate Wilgs oo pimams (5l Coleg 50 &S Ll Jloy95 1 oYL cuedl 5l (65,5LiS
IV ¢l 00 o j baszes g (bl oMo 4y by po MSUin 51 (B jo el (6550 ol iy Bolitw] aed o oyl 5]
) (Kouchaki-Penchah et al., 2016) suw ) so a5 4 (6y9p0 (yol (2138 dlgo g5 (clasilyd ;> rosy VT JLissl o)y
2 859U waw sl 01 ol (ool (Sagll g ) €55 i0mil 4 e (55 )9liS Gk )3 49 0li]
.(Nabavi-Pelesaraei et al., 2022) sl o s ;0 b5 cllisl IS 0o )d V8 d5s dailbdS ol Ll
o3leg 4 Blaie s 4 (63959 S S5 5l e it 3 (LS @ Wy sl 5 (G5l Slaadlhe ()
sy (Pirdashti et al., 2021) >4 )15,55 1 (¢ ik (6,55l 5l 0dleieS 5 SO lgi dilolu Cpizmad g 091 (32> CEgu
ot el sl ol g Jid Csw (aliasd (slodgS 4 ol Lt oltile )3 55 (55,5l Y game a5 (651 e
Mo slapllss (o (65,0 sl a3 ls (Karamian et al., 2021) wlosly olaidl 565 & (55,liS” (isw ;0 1) (6550 oliee
Ol (65,08 slapllaipgy (g)lul adlles (Vafabakhsh & Mohammadzadeh, 2019) iy 1) (95 (655 (o picdis



VP 090 6ylons ooy lgz 5 oloeiy 6599 oy 3t £y j LS psle Ao VF¥

I obal phnaos 5 Gl odles (63959 551 9 Pp0dldnS Jdda i cuiS ol L el 5 (b
.(Golshani et al., 2021) g ;15,05 21y HLLS o5 @ Cowd 55V (g)lub

Erae Cogw g alowd (§l3gS i Sl slarodle o> (L puS (ol sbapllas )3 (55l (e 5> 06 wrw
)y (Tavakkoli Kakhki & Ghodsi, 2020) ssly jolaid] e a1y (65,5] maw (9 5YL 2oy VY 5 VY Y L s pay
e 93513 63V (B (555l pom e oy 21 (LS g8 CulS (03Kl g pgwye S gy )3 (Brae 5l i
oadbpas 5yl JS ol (Hiwe et al., 2021) cutly olaid] phyiod g it pé slagsipl @ G55l ol J YL
ool ool 1505 5 i o5 355 5 53515 eyl ot Loodes il o 45 A3k U0 5 J53IS YOOV Lo a5
.(Hesampour et al., 2022a)

danly I3 5l el (sl o oly cpposks lgie & g 53 g 5 Vb 3yShes s 0 o5 Y guame S S5
sy 5l (S plyis 4 byle culS 5y cnlil 098 o0 g5 )3 6l & poxie cBlS (b9 ol Sl el 045 (5500
S lgie 4 13l o Cannb 5l s S5 4 45 oLS win b ¢ plgi cuzS (Bourke et al., 2021) cuwl ods ylae o 5Sols
Lulps ) aaw dnly )3 Jgame 5,Sdee ilj8l (Karami et al., 2022) b1 o Gl 0 )l (65,0l 5 (cols ) Kal,
Cuartero et al., 2022; ) wib o bolre culS lacoje (pyipte jl oAb s byl & cowd balw cuis
bt ()8 (6ilwo p3d g s E985 (oobamBl dol )3 3gu0 )3 o sblse s 4 ely; JKis wiuw (Karami et al., 2022
S g0 ph g acale (s Jols ely; Kis (IS ysbay ((Jiang et al., 2021) cuol iolidl 4 oy lea 53 (sloas)sé
s Glee a4 3 g opl o (Jiang et al., 2021) cuol il drwgy Blial 4 obcws (lpy wej colw g ddlaio
Bls slex (55)3WS slapo; 5l duoyd ¥ 250> IS jsbay ((Jiang et al., 2021) wisb o =l); JKin 53 o Lo
(Bettles et al., 2021) 5,l> o pde gladoby o o)) S ol I Glis jlade pl g Wby 30 i dopd Ve
Sl el Jgame ez aS (g sbds el Jl3ye3 059 oS I yliwisn 9 ol o (Phoenix dactylifera) Lo o s s
(e sl oo anbylol) adly andly oe oSl Wl (o (ol S a3 gyealil il lnl 2 Mg
Catlo a2l (6531 slouadls o Sl 5 Bpae slaosles blod I liusjsd il 3 dsly S Ciliseo (sl
2wk S ) G5l slagasls 5 (298 9 9919 S5 ean crlple Al Oslite Wl e gt (] (e
57! lolno gl aplas 3,8 5 lacsioyasliyy o Wlgie ol LAl 5 (ol); S dogloes S (slaptu

o9y wlib gy .Y

Gy 50 @y yioshS S/ QY Colue b lusjed bl b pbgl liwjos liwl 3 9 WAANF e+ Sloj ol j0 aaiod oy

CuiS g9 9 CulS 0 phaw e gl ol Glnl (65)9liS s oSGl g 505 5118 39,0595l 5 ) S s o el (2p6
oyt 5 daly Sl 5 o iy A (Spglen el iz )3 3l 350 Ml (lisjes sl 4l olS
laglinlss aaagl uen 1 (Vb cald (o8l a5l & abbe GBS 5 (ool (585 SRl s jlgal
CulS &jpody dlllas 3)50 ISSS Bl o b pd ol 0 apl (o) IS e B0Ls 5 (LT rae S
Jyaze il ail oo ologyay Blol B 63 Blol 3 Sty 05 )l L plimdgj bolsee cutS g Sty 5 plinsg;
CutS il e gy emmed 0yl slcutS K5 car ol Tl oylal glad ] s 48 5 )ls dolsl olesls 3 Lawslyl b s
oS Jb > 1bl g0 0)lag Sypo 4y dBCES (K00 4 Canad 1S S 5 s g o g2 stime sl o)) Ui 0 4y
Sl B3l )3 9 0)lke CudS jgo 4 (ohy; SR Bl Sty 5 g pIBIg5 g del byl g Al cuiS
M 53 29590 CleMbl apas gl bl 0 ol o (alld CuiS duoyd YO bglsws )3 cusS Cond bl o olocpdygyd bilsl g
3 3y90 SNl (B ags (5)lSen Gl aagil 55liS WA S 1S5S 08 adrgil o Gliwjes il (5)9liS



74 Oliasjss Gl 33 dnol agi 61y iz 5 pliio alls CuleS (Slapptuas 33 5350 Slapas L ool

Dy Jypame cuildy b cuiS dilise Jolpe 5l gaios opl Blial was gl Gledbl cyglpes () Jgio) A5 c)glae
i) 2590 Sdiged ab (gyglaer 9 o (ol jp0) cudlyyy g cudly dlS Jolye 13 3l 350 MBI olos 45 (5 gboa
Sl () JSi5) 3> dual cuiS ablo g Blod S caiS |y aidyn < guasma JiKh Ko 5l 4 Kogs 5L
2bl g bl g il (Bl b o )3 005418 S0y slmoales olod ol (65,31 (sloas Ll as] e 0nbisyglen

ol 03] ¥ Jogds y> 4

vl S glie (glaptuns ) 08 yglzer (Sladiged uw LY Jgua

City Agroforestry Intercropping Mono culture
Ahvaz - 15 8
Bavi - 10 10
Dezful - 10 20
Khorramshahr 9 - -
Abadan 12 - -
Dashte azadegan - 10 15
Hoveyzeh - 8 5

Shadegan 7

Total 28 53 58
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Inputs Unit Mono culture Intercropping Agroforestry
Human labor hhat 2520.67 3365.8 1946.33
Machinery hhat 14.5 12.5 5
Plastic kg ha 180 210 0
Diesel fuel L hat 550 435 680
Chimical fertilizers kg hat 255 301 188
Micronutrients kg ha* 0 5 6
Manure kg ha* 6000 6700 5000
Chemical biocides L ha't 75 8.5 14
Okra seed kg ha* 3.20 2.8 35
Cucumber seed kg ha! 0 1 0
Okra product kg ha't 9250 6200 3500
Cucumber product kg hat 44000 32000 0
Date palm product kg hat 0 0 11500
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Inputs Unit Coefficient equivalent (MJ unit™?) Reference
Human labor h 1.96 (Kaab et al., 2019b)
Machinery h 62.70 (Ghasemi-Mobtaker et al., 2020)
Plastic kg 158 (Liu etal., 2010)
Diesel fuel L 56.31 (Nabavi-Pelesaraei et al., 2018)
Nitrogen kg 66.14 (Nabavi-Pelesaraei et al., 2018)
Phosphate kg 12.44 (Nabavi-Pelesaraei et al., 2018)
Potassium (K;0) kg 11.15 (Nabavi-Pelesaraei et al., 2018)
Micronutrients kg 120 (Hesampour et al., 2022a)
Manure kg 0.30 (Tuti et al., 2012)
Herbicide kg 85 (Kaab et al., 2019b)
Insecticide kg 199 (Ozkan et al., 2004)
Fungicide kg 92 (Nabavi-Pelesaraei et al., 2018)
Okra seed kg 0.8 (Tuti et al., 2012)
Cucumber seed kg 1 (Pishgar-Komleh et al., 2013)
Output
Okra kg 1.9 (Tuti et al., 2012)
Cucumber kg 0.8 (Pishgar-Komleh et al., 2013)
Date palm kg 9.31 (Hesampour et al., 2022a)
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Index Unit Formula
Energy Ratio Ratio Output energy (MJ ha™) / Input energy (MJ ha™)
Energy Productivity kg MJ?! Yield (kg ha™) / Input energy (MJ ha™)
Specific Energy MJ kg Input energy (MJ ha™) / Yield (kg ha™)
Net Energy Gain MJ hat Output energy (MJ haa) - Input energy (MJ ha.1)
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Inputs Intercropping Mono culture Agroforestry
(MJ ha't) (MJ ha't) (MJ ha'l)
Human labor 6597.04 4940.5132 3814.8068
Machinery 783.75 909.15 313.5
Plastic 24494.85 30970.5 38290.8
Diesel fuel 33180 28440 0
Chimical fertilizers 12357.89 10550.55 5979.52
Nitrogen 10648.54 9127.32 4563.66
Phosphate 1430.6 1144.48 858.36
Potassium (K0) 278.75 278.75 557.5
Manure 2010 1800 1500
Micronutrients 600 0 720
Herbicide 255 255 595
Insecticide 895.5 895.5 1194
Fungicide 92 0 92
Okra seed 2.24 2.56 2.8
Cucumber seed 1 0 0
Output
Okra 11780 17575 6650
Cucumber 25600 0 0
Date palm - 0 107065
Total energy inputs 81269.2764 78763.773 52502.4268
Total energy output 37380 17575 113715
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MONOCULTURE B | 450,8 0.00%
@ 2.29% B 6.27% @ Human labor
B 1.15% @ Machinery
EDiesel fuel
B plastic
B Chimical fertilizers
@ Manure
B Chemical biocides
W Seed
INTERCROPPING B 074% m 153% @ Human labor
o B 8.12%
B 247% ? @ Machinery
B 15.21% @ 0.96% @ Diesel fuel
B plastic
@ Chimical fertilizers
0 30.14%
O Manure
B Micronutrients
m Chemical biocides
m Seed
B 3.58%
AGROFORESTRY ° 8 727% @ Human labor
B 1.37% B 0.01% '
@ Machinery
B 2.86% 0 0.60%
O 11.39% m Diesel fuel
OChimical fertilizers
@ Manure
@ Micronutrients
B Chemical biocides
B Seed
oliss ol 3 sl (o5 S 5 bgloko (Al S S Sy (355 S (55551 Lnesles s ¥ JSAS
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Index Unit Intercropping Mono culture Agroforestry
Energy Ratio Ratio 0.460 0.223 2.166
Energy Productivity kg MJ* 0.470 0.117 0.286
Specific Energy MJ kgt 2.127 8.515 3.50
Net Energy Gain MJ ha* -43889.28 -61188.77 61212.57
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