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Introduction

The application of various inputs, such as pesticides and chemical fertilizers, has been one of the most
significant factors negatively impacting the sustainability of agricultural systems. To accurately assess the value
of agricultural ecosystem services, both the positive and negative aspects of agricultural systems must be taken
into account. In the past three decades, the emergy analysis has been developed for assessing environmental
policies and resource quality based on the dynamics of complex environmental and economic systems. Emergy
analysis can be used to evaluate the sustainability of agriculture. By definition, emergy is the amount of direct or
indirect solar energy required to produce a good or service. By converting all forms of energy, resources, and
services into a single unit, the solar emjoule (sej), emergy analysis can assess the interdependence of economic,
social, and environmental factors. The production of three important oil crops of Sistan, including rapeseed,
safflower, and sesame, was investigated using emergy and economic analysis techniques to evaluate the
ecological health and productivity of the use of inputs in the production of oil crops in Sistan.

Materials and Methods

This research was conducted at the level of Sistan's oil plant production systems in the Northern provinces of
Sistan and Baluchistan. This research used questionnaires and face-to-face interviews with the owners of small
ownership systems to determine the input consumption and performance of these systems. According to their
service life, the annual input energy flow in the form of structural facilities, buildings, machinery, and materials
used in the systems was calculated. The RUSLE model was used to assess water erosion. Inputs are divided into
four categories to analyze production systems: renewable environmental resources (R), non-renewable
environmental resources (N), purchased renewable resources (Fr), and purchased non-renewable resources (Fn).
After calculating all input and output flows, the raw data for each of the production systems was multiplied by
their unit emergy value in Joules, grams, or Rials, according to Iran's conditions. This study utilized
transformity, the renewable emergy ratio (R%), the rmergy yield ratio (EYR), the rmergy investment ratio (EIR),
the rnvironmental loading ratio (ELR), the emergy sustainability index (ESI), the emergy exchange ratio (EER),
and the emergy index of product safety (EIPS).
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Results and Discussion

The total supporting emergy for rapeseed, safflower, and sesame production systems was calculated to be
7.28E+16, 4.75E+16, and 3.55E+16 sej.ha.yr?, respectively. In all three studied production systems, wind
emergy was the largest source of free environmental input. In all three studied systems, environmental non-
renewable inputs accounted for the largest portion of total emergy input, which was 83.42 percent for rapeseed,
80.11 percent for safflower, and 84.4 percent for sesame. The high proportion of nonrenewable inputs in this
study for all three production systems demonstrated the vulnerability of Sistan's landscape cultivation systems as
a result of the obvious lack of water, severe soil erosion, and contamination of agricultural lands. The total
amount of purchased inputs for rapeseed, safflower, and sesame production systems was estimated to be
1.14E+16, 8.78E+15, and 5.40E+15 sej.halyr?, respectively. Nitrogen and phosphorus chemical fertilizers
comprised the largest proportion of purchased inputs in all three systems.

The transformity for rapeseed, safflower, and sesame production systems, respectively, was 3.88E+06,
3.76E+06, and 2.48E+06 sej.J%. The higher transformability of the rapeseed production system was due to the
lower input utilization efficiency of this system compared to the safflower and sesame systems. The values of the
saffron system's environmental sustainability indices (ESI and ESI*), renewable energy ratio (%R),
environmental loading ratios (ELR and ELR¥*), and modified investment ratio (EIR*) indicate that this system is
more sustainable. The lower health of rapeseed and sesame systems based on emergy indices was primarily due
to the large proportion of input emergy related to organic matter losses and soil erosion, which are nonrenewable
environmental resources. The economic analysis revealed that the sesame production system generated a higher
profit-to-cost ratio and net profit than the safflower and rapeseed systems.

Conclusion
This study demonstrated that emphasizing practical solutions in the comprehensive management of

production ecosystems, particularly through the protection of soil organic matter and the prevention of erosion,
can significantly enhance their ecological health.

Keywords: Economic analysis, Environmental burden, Environmental inputs, Profitability analysis,
Rapeseed, Renewable resources
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23bae8 )ik glagdg )y B o b e A
1L wlie 5 pdobasiss lab
Non-renewable purchased Fn I &5 RRBREE SROR s S
inputs Non-renewable purchased flows By definition
o s B sl Jpazme 555l lgiome A_‘E Jg3 o (2 2Ty Su Mg sl losge 55 e Brown & Ulgiati
. Tr=U/AE Amount of emergy required to produce an output unit in joules. AE is the
Transformity (2004)
energy content.
L el p)F s (g ly S g sl LS 390 g5l ke ot
ok S5yl _ ; L . Brown & Ulgiati
: SE=U/PW
Special emargy Amount of emergy required to produce an output unit in grams. AE is the (2004)
energy content.
Siyol G pdidos dop %R =R+Fg/ il o gadgr plla bawgs o odliil ydiaa58 (g5 el o yd
" . Ux100 ’ Odum (2000)
Renewable emergy ratio Percentage of the renewable energy used by the system
il s EYR=U/ N ol (oolaidl o jd (g5l a ko po b Jrze molis 1 oxlil u.;L..o.a
- - Ability of a process to use renewable and nonrenewable environmental Odum (2000)
Emergy yield ratio Fn+Fr - . ;
resources with economic resources as a capital
el Il _ } _--\‘f’lf«_s‘ PUN 2 o8y dame (5551 US4 )8 jlesdis )l B 5 :‘:’Lﬂ g Brown & Ulgiati
Emergy investment ratio EIR = Fr+F\/R EIR is the ratio of emergy resources purchased from outside to all free (2004)
environmental emergy in the system.
d)lfqbﬁwoﬂc)&olw . .
_ ol Gy pdanao8 e glie 4 G Jpame a5 )0 )l (g8l s Clillao 30 -
&5yl =FvtFr /R : - . o A Amiri et al.
Modified . tment EIR* The adaptation rate of investment in product production is compared with (2019)
oaifie eer{?g/ investmen environmental resources received for free.
e 5 5l G ELR = N+Fy/ ol (g5 plsS S bausgs 0 Sgl Jame jLiS
. . . . Lu et al. (2014)
Environmental loading ratio R+Fr Environmental pressure produced by a process
gheetus; i b Pl s g b Ny b Sl ke
Modified environmental . - Lu et al. (2014)
: - R+Fr An inverse measure of sustainability
loading ratio
o e st oS ESI=EYR/ ol 8 il sl R e ko e s 28 2,2 Sy
Sl The dependence of the system output on the environment, the greater the Luetal. (2014)
Emergy sustainability index ELR L
value, the stronger the sustainability of the system
Lo (5l asls ond Mol deus 35 yete Cannj bama s 03l )Lid J8ls b plgs pdsdsiog glie jl ool oS glize gyl asls
G ESI* = ELR* ow|
e S Lu et al. (2014)
Modified emergy EYR/ Alternate sustainability index that focuses on the use of renewable
sustainability index resources with minimal pressure on the environment.
il e S (U) pllss 63959 5550l IS 2 oanss (YM) 15 5 Jgp L o s (pllss 5,Shoe) (soliaidl g5
LA EER = U/YM ; : : : Odum (1996)
Economic output (a system yield) traded with money in the market (YM)

Emergy exchange ratio

Mg oMo 550l pa3Ls
Emergy index of product
safety

EIPS=1 — [C/ (Fn
+ Fr)]

on total emergy input rate (U).
Bl byl Jpame (ool 2 |y piSiile g Ul b pgams ¢ oliond 358 51 pasls oyl
It assesses the effect of chemical fertilizer, pesticide and herbicide use on
product safety

Xi & Qin (2009)

NR=GVP-TCP
GVP=CY XCP
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TCP= VCP-FCP
B to C= GVP/TCP

Sl 03 )l B sloaosles 5 (b mlie slapls >

Gl 04l Can g8 Y Jodo 0 xS 5 S5 5 wg clapllas
P oS e Bk il Jgaa cnl g 00 &l (glasng)g plos
Aload Jras Jlo 3 1S )3 s0dyss il 4 bgiye culps
9 4 s Glacwws 3 p (939)9 slaodles culpogdle

(¥) dbslso
() dslee

GVP (Lo 13 log ysee) palls 2ely3 NR o o &5

Wy ladijo TCP ()iSa ) (logs (igeke) W55 palBL 551
2 5 5kS) (s Jyaze 3 8hee CY (S 13 oy (yoabse)
S B 1O C g (p)59kS 15 (logi) Jpuame aosd :CP (LS

ol 438 4 dgw

Ol dilaio 9205 9 U5 I35 a8 gallis 5 (g3Laidl g (aub qalie 1 (6399 SGL 2 —Y Jgsa
Table 2- Natural and economic flows of rapeseed, safflower and sesame production systems in Sistan region

asly 1518 S5 KCOs
Unit Rapeseed Safflower Sesame
phbs Jaoe gla634)4
Renewable environmental inputs
g S5 Js3 2.98E+13 2.76E+13 2.89E+13
Solar energy J
et Js) 5.30E+11 5.19E+11 8.77E+10
Wind, kinetic energy J
obl (aleesd 53] Js3 1.09E+09 1.09E+09
Rain, chemical J
By 5 Jsj 8.06E+08 8.06E+08
Evapotranspiration J
2hbnsed e claedg)9
Non-renewable environmental inputs
i) ! Jss 9.15E+10 8.37E+10 5.20E+10
Groundwater J
8% 9 55 Js3 7.40E+10 6.77E+10 4.20E+10
Evapotranspiration J
Sty Hosls il o3 4.75E+10 4.75E+10 4.75E+10
SOM reduction J
S ol ed 2 88E+07 1.23E+07 1.13E+07
Soil erosion g
0l (g5l 5 slaodly
Purchased inputs
SIS G Jsi 4.98E+08 4.02E+08 6.08E+08
Human labor J
eVlonile ed 7.77E+03 7.77E+03 2 30E+03
Machinery g
hed S350 5 3 ed 1.21E+10 5.21E+09 3.78E+09
Fossil fuel and lubricant g
0395 355 ed 1.50E+05 1.25E+05 7.50E+04

Nitrogen fertilizer g
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b 355 4 7.50E+04 6.50E+04 4.00E+04
Phosphorus fertilizer g
ol 25 4 5.00E+04 3.50E+04 0.00E+00
Potash fertilizer g
Paid pr 2.50E+03 2.00E+03 1.00E+03
Micro fertilizer g
I e 4.00E+06 3.50E+06 3.00E+04
Organic fertilizer g
sl pr 1.00E+03 6.00E+03 0.00E+00
Pesticide g
) Js) 3.60E+09 1.17E+09 6.30E+08
Electricity J
s Jb 3.50E+06 2.40E+06 1.45E+06
Seed Rials
=y
Output
cdladl 3,8koe 2d 7.50E+05 8.60E+05 5.50E+05
Economic yield g
oLl 3,Skoe Js} 1.88E+10 1.26E+10 1.43E+10
Economic yield J

L ity g (5003 B+ /YD wg) Jlo p3 )L 53 (b yo5
o) Jls 53 LS ) a5 Jgipl ANYN T i do
g glaplas 3 (639)9 55—l sloodles 39— (g4 NY
sloosles 4 Gl aibate ) (38 5 SO JJIS) Gy, lals
e (L) glaodle (R) pionios (e (LS,
5 (Fn) 523260050 00 (gl 3 sLaodles (N) piglinaos

LD s (FR) Rdaddsd odd (gl 5 claedly

W el saScoles IS (g5y0l b IS 6550l sloisd9)s

G5 )50 oS du sl (i dllaie )3 aoS 9 SO IS
30 Shadyes Jaiel YI00xY Y o BNV VIYAN Y (s gy
Pl 53 51 ke 151 adgs pllas el JS' gyl w09 Jlo o LS
Slrg39)9 y5 0t Bymae ol > 48 35 4S5 SIS
pLS 53 (39)9 s3ysl Jhade (VL sl (o pdilnaos
Jssp) V85XV e Uy SLS b p il ay 5l als

(set.ha‘l) Qw il wS 9 &)@ 4‘}15 4{:’93 ‘SLQ‘QUN 20 89959 )l:&l.w 9 d)}o‘ BACSE Jg.\b

Table 3- Emergency analysis and input structure in rapeseed,

safflower and sesame production systems in Sistan region

135 5 aoS
3,190 Aoyl 550! Rapeseed Safflower Sesame
Items Emergy/unit &isl KW Siz! oy &ize! oy
Emergy % Emergy % Emergy %
e e clasdg)g
Renewable environmental inputs
S S0P 1.00E+00 2.98E+13  0.04% 2.76E+13  0.06% 2.89E+13  0.08%
Solar energy
et e 1.25E+03 6.74E+14  0.93% 6.49E+14  1.36% 110E+14  0.31%
Wind, kinetic energy
ot ot 5350 2.25E+04 2.45E+13 2.45E+13 0.00E+00
Rain, chemical
é’ﬂjﬁ . 2.88E+04 2.32E+13 2.32E+13 0.00E+00
Evapotranspiration
&2 7.04E+14 0.97% 6.76E+14 1.42% 1.39E+14 0.39%
Subtotal

hbpios Jame slocsd)s
Non-renewable environmental inputs



VPR 50 o) adlgi o5y slaeliipg: (Su3olssT il il 9 2l cohlSen 5 Jo

Grg:;g;véter 1.92E+05 1.76E+16  24.13% 1.61E+16  33.80% 0.98E+15  28.10%
Evapf;:;;;; ation 2.88E+04 2.13E+15  2.93% 1.95E+15  4.10% 1.21E+15  3.40%
Sk T slge clils
SOM reduction 9.36E+04 445E+15  6.11% 4.45E+15  9.35% 4.45E+15  1251%
SB il
Soil ;’:si::n 1.27E+09 3.66E+16  50.25% 156E+16 32.85% 1.44E+16  40.39%
Suké):)tal 6.07E+16  83.42% 3.81E+16 80.11% 3.00E+16 84.41%
=
Purchased inputs
i s
Hj’r;;nfégor 2.22E+06 111E+15  1.52% 8.92E+14  1.88% 1.35E+15  3.80%
eV ile
Macr;)i: ery 1.01E+10 7.85E+13  0.11% 7.85E+13  0.17% 241E+13  0.07%
Fossﬁ?jeﬁ;":lj;’icam 8.60E+04 1.04E+15  1.43% 4.48E+14  0.94% 3.25E+14  0.91%
N"]fé;ﬂi ; 3.09E+10 464E+15  6.37% 3.86E+15  8.12% 232E+15  6.52%
P ;::Iii or 2.82E+10 2.12E+15  2.91% 1.83E+15  3.86% 1.13E+15  3.17%
Ly
K LfJ;rtIJIier 2.23E+09 1.12E+14 0.15% 7.81E+13 0.16% 0.00E+00 0.00%
Mic;())i;;tflizer 3.91E+09 9.78E+12 0.01% 7.82E+12 0.02% 3.91E+12 0.01%
S 2.96E+08 1.18E+15 1.04E+15 8.88E+12
Organic fertilizer
P;fi:: de 1.89E+10 1.89E+13  0.03% 1.13E+14  0.24% 0.00E+00  0.00%
Electricity 2.31E+05 8.32E+14  1.14% 2.70E+14  0.57% 146E+14  0.41%
S;: g 6.76E+07 2.37E+14  0.50% 1.62E+14  0.34% 9.80E+13  0.28%
Sug:)tal 1.14E+16  15.62% 8.78E+15  18.47% 5.40E+15  15.20%
A'JFSOEI? 7.28E+16 100.00% 475E+16  100.00% 3.55E+16 100.00%

JAY g A ssS g SO, S slapllas (gl oslys oyl
U & (63959 slasiyel IS 5l doyd +/¥R g 1o yd VY oy
9 J_{ d))ol 53939 )] 53939 U’I ke eu:l))l.u ...\i.kg.b)f Al
Sl 039 4508 g LIS a5 pllas 93 51 5t SO g5 pllas
g el glp pdiyaed ace laosles lie oV Jga2)
» (Allium sativum L.) . o (Allium cepa L.) ;L. oS
S el 2oy ¥IYF puiS (ly do)d FIFD Joleo b ddlaio
43,5 Ao (639)9 sLasipel S5 5 e slp 20> VAN 4
= Iy pllas gl odled oyl 500 (Yasini et al., 2020)
S )3 sdudyen Jgipl VAYXV Y s 5 (Oryza sativa L.)

(Suetal., 2020) x5 3,91 Jlo ,

(N) s2igbasaad Jasas slasa g,y

(R) sigasaad hasas slagag, g
S5l ol (5551 ey B9 Jold plinaos asee @l
cslllon ol 3 dblige 35 5 5 (S50 9 DL ol
39 iy L A o > e (IS (93909 (2551
oy laome (slasagyg 48 Ll ag: ol (5, calllas
biyl | Ll jlateds § 395 o0 Comlie (sandyo (531 5l Ao
odla ! Lals 5 wed ;0 48 0 by (65,0 faemme cacliae
S Pl pdinied e clagdgys s (2 FS)i 5 d9de
OBl pinnes 50l ooy b 45 e 50 baiedg)g
asdllae (ol )3 258 5 SIS IS W lapllas (e
2 Sdygs Joipl VYN T o BIVEXY T Ve ExY T (s e
2 dallas dy5 0 pllaipg dw Cgley Lol cde g Sl jo )8

D (BLyd ok (65l Gyl i Jae by ol
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ialS 3 oSl as b (2ibno8) baisdg)g cnl bpae sials
2l phew Bl o duto lapllas Cpl 40 0dd (g5l 5 (63959 pow
039 (el Hlw plUa Ay (li 0ad (6l B slaisdg)g
=l @909 slagiyl JS 5 Lagdgyg cul il (S p Ssisba
52 sk 8y S35 o b o

o (S aS Cuwl oads o3y LS 55 Gladllas plw jo
W0 S s S (650l (63959 S )3 (glod s ppw
2 03b ()l B @lie jlao)3 AV (ol 9 jhud gy sladeS
w95 5 (Hoshyar et al., 2018) paiS ccly o asuss 0B
0y olaidl 38 4 Iy (Lefroy & Rydberg, 2003) yol/ pais
$29)9 e 2Pk 555 S9x8 9 OJ9r 095 wied dg
(Zhang et al., 2012) sxsls puS s 0 1y (555!

S50l 22 e sl Jlod g 4 jod

51 onlazwl u..ﬂ)lf Olise oy Gl (650l p e sla sl
Pl S g 5 (e 5Li8 5 (6 i (53,88 daodles
; Brown & Ulgiati, 1997) x5 0 435 ,Say laoce 4y ags
»olds (Brown & Ulgiati, 2004; Wang et al.,, 2014
5 SO IS wg lapllas el g5l e slapasls
Lol 0 B ¥ Jada p0 douS

(SPE) 0539 850 9 (Tr) daes i o

1Ty SO g | ob)hee o3y (55pel 5 AT cups
90 Sos (ne dny bayad i (1l (92 Somb bl Mg
2 @bail g a5 g anld 5 ke (6904
elopllss el a5 oy o (OdUM, 2000) sl torily
NIRAY o gy s dibaie 15 428 5 5,08 L3185
J992) 45 aslone o3 5 s ye> Jospl VITAXY -7 5 YIVEXY 7
L g slaplss (ol 0jog (65l pa3Ls pioen (¥
Jojal BIEExY )T aouS 5 B/0TXY )T S8 AVIXY L
5 oslil 5ol ol o(F Jods) del Camdts p)5 5 (b e
s 4568 5 K5,8 pllas 90 4 o 138" ud g pllas 4o Waodlys
0a3Ls ol e g el pl YL 055 (50l g s oo
i) bl 1318 0 st g (6 5 pllas g0 Mg (sl
O3S Jos = b ye> Jospl AFAXY 8 g ¥/eAXY 8 s sy

ol Jols pilagios aome (slagdgyg (Gsid (ol o
S ptlayp 9 S Jlosle Ll 3,5 gy ¢ 050
8 il 62959 5l pdlbned Jasce sy waew Al
Ao 5 4o d AN K5, o d AYIFY 1S wgs slapllas )
ool w39 YL (Y Jgas) dal sy aoyd AF/F)
iy el aw s sl adlas cpl )3 pdbnses sbaisdgyg
i slnpllss oS Cale oty s oS g (S5,I8 S
5 S s Gl d ol Kl 0ga8” oy liaes (slopsy
128 5 Lagdgyg ol 992 YL ol (65,5lS (gl (5291
Cons S S lge 5 i cdyyin Jddas Son pllas 93 4 s
U S il e stz ] S 5 135 slapliss o
Ay Jaze (639)9 eyl Olyiedr S5 (629)9 Slass el
OV 138 slapllss j> s ypas dalllas 3)50 slapllss plos )
YU il oo doyd ¥ /T oS (gl g 2o 3 YY/AD 5,5 sy
Ol Gyme g S il S M slyo lil oo o9
«$59LiS N gazme 1) & Cunl Cidis pl oM Gl (Seejn
JWs 4 (s dilate )3 1) Jaiaunn j 100 sloai o g @il ]
Byne g Ol diugy By e Cupite 395 Jlid 4 cimd ol o)l
B T Slsa 158, i 5] s 45 48l oo (solrensd (glm3gS sVl
A5 25b o dibaia ) > awee lolusl Ll sl (pmizron g
ol 03,8 iy 561, SB iole,d

(Fr 9F) oucdi 55l 5 slasa 9,9
Sope Jold adllas 3)90 (Slapllss 4 0 (g5l 5 (slaisdg)
ledsS 590 (89 5 hed S g Y]l (g 5)LS
LS cdl o M 29 5y Sm g iy hd ()3925) (stloossd
Sl Laisdgyg ol 5 )lade i (Bpae )y g Al Sl
ANHNY il o fany s 9 SOI5 IS g glapllss
yglim Jho o ke )3 oaudyon Jospl B/Fex )+ g A/VAXY -2
VOIEY ST (el S 6550l 63959 31 ol slaisd9yg e -3
J945) el 1o 3 VO/Y+ 1558 (slys g o 2 WWFY (5,8 o )
IS plLas aw o )3 oadigyl 5 slaisdgys ) e 25V (Y
FIVV130S) (390 band slodgS L baye soxS 5 5,18
YA 150S) yaud g (a0 yd £OY oS 5 duopd ANVY S5,8 o )
oyl e (Ao pd YW a5 dopd YIAS S5, o
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9 Cuibge (uild (galaidl Cold) )3 Abaaod (lagdgyg ke
Obes €uBIS b pdlinsos glie |nj s s 1y 6 5VL 5)luk
Nly o5 ((Asgharipour et al., 2019) Lod o poleS
S, o VoA 13I8 w g slaplls pisuiss slaedlys 4
dw cpm (P Jois) Ad dewle dopd +/AD WouiS 5 doyd YVE
Sirel slpodlys )5S Byae b oS g LIS ¢ a0 350 pllis
(Siely Ly 5,15 155 plss oS Jlo s csiags 5l igyios
ol il ol pigluaes (g5l glaodlyd 4 56
Sboplss o S phbiod (ppe & G (i Jlge podlw
2055 wlie Soke pe o) U2 & 29 S5 & bgyye 15
gl & JpS (Siuly 5 (10 )2VY) (5550l (93959 IS5 e
UL_W....; aglaio Pl L v 2 Cawl (ol.E;? Q—.’.] Pl u_‘a.om );J.»l.s.\_».bo

el )03 ol 93 51 Gt SO el (s )lok

g pllas > bas coys jlade (,Amiri et al. 2019) 45 )3
A duloes VEYXY 2 s Jlods )3 Sy5 wlie b g)l50 p0 puS
Loy adg slapllss ¢l bas <o s (Wang et al., 2014)
» (Pistacia vera L.)ai_. 9(Phoenix dactylifera L.)
= Sdygs Jaipl VYRV Y g VIV Y s sy ol ol
sl s VYV Lt gy slapllss sl g o2 s3pel 9 )
2018) 4 awbxo pyS 4 shdyed Jgipl Y/ VXV ) diay

.(Jafari et al.,

(9R) 53500 (5 yaigasand Gy
o plls po LSl liee g5yl (g pdiinod Cond as Ll
wlepllas (Su et al., 2020) &S o ol 1y plsbios slassyl

e Ly slmplss 4y o gy o5 slio 5L o b s

Ol dllaio 2208 9 SO, I35 g5 apllas 55 )3 (5550 2 (e S LS -E Jga
Table 4- Emergy-based indices of the production systems of rapeseed, safflower and sesame in the Sistan region

S5 oS
Rapeseed Safflower Sesame
Jess ey 3.88E+06 3.76E+06 2.48E+06
Transformity
% Sil 9.71E+10 5.53E+10 6.46E+10
Specific emergy
G pipdod o) 2.14% 0.85%
R%
S5rel 38 des s 5.414 6.579
EYR
Sl @S alops e 0.227 0.179
EIR
o) CM‘”‘ 16.157 12.985 38.988
EIR*
ket 5l o 102.46 69.30 255.49
ELR
oad o 62.137 45.671 116.796
ELR*
Gy b (g5l (asls 0.078 0.026
ESI
o1 Mol 0.119 0.056
ESI*
&5yel Aol pus 12.936 8.178 1.470
EER
g CMMEIséf‘ oAl 0.3938 0.3288 0.3613

(Kohkan et al., 2017) sl cwdas SY/AF L plys biwses 5

(Vitis vinifera L.) _58L ;61 a5 pllas (g oo duoyd
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Feng etal., ) sol caudas VoY o g 53 5655l Joamo ¢l
e Fa padld ol Cbojew § @ r Wy slaplas gl (2013
Js 5 @yd sl (Lu et al,, 2010) wis 5)55 V<0 9 VN0
(Zhang et al., 2012) u_b apolxe VY- Jasls cpl jlade <y
Carica ) LLL (Musa sp.) 59 £L &¥e e »EYR
Clausena ) s 4 (Psidium guajava) lsls5 (papaya
10,5 dcale VY 5 VY OV ONF cog g (lansium

(Lu etal., 2009)

oudi 73—l g (EIR) o yladliveul (5 )l3Sdale you Caseuts
(EIR*)

dewgd (6 Gloyuw i (g5l (6B Wloyw slaCauns
9 b @l jload waly 8 (IS @lie 4 (o yid 5 golaidl
(Sl e (U ) laee ) (65)5liS pllas (Sisly e
Nily 033 Glo (6ol ()15 Ao ps Sl Gyl ke
Saly 9 S eoladl clodyze 5 e wlio 4 pllss 5k
.(Odum, 2000) cowl lasre mlio dy pllss _5g)5 45 i
2 odd By ae bl wloyw Sbled b jadls oyl e
oximd i ol ySte e s (e 4 g 0392 (g Pl
.(Kohkan et al., 2017) sl o0 o0 (5)lu 3 mlie 3y oo
slas39)9 4 ol (gl slasdgy9 G I EIR* s
lio Cg iy 32, e Sl (s i
d9-Bsn ey Yk )3 S gl ) )18 5 g cladizjo
13 45 1S e ol EIR* S EIR (dly s (Amiri et al., 2019)
Aol (gl B laedles ()RS ale e Cons g pllas o
(Odum el Jlade d (laee pliyiod 5 IR slasdgyg
.1996; Lan et al., 2002; Amiri et al., 2019)

5 VYV o /NAD sl 2 oS 5 S5, IS pllas aw 5 EIR
SO, g pllas D EIR (55 YU (F Jgds) s duwle +/VVA
s g sl o pllas oyl jo (oolatl drwgs YL prdaws ol sl
O3ar 355 alex 1 gl (slacsagyg Sk odatul 4 bgsye ]
2 el glasdg ol pals b nlply cosl b isedl
A (a8 5 GalS |y gl ol ol ee S35 sl

st o)l Se slapllas gl (5ol (s pdpind o) polis
Allium cepa, variety ) jwse Ay b o&iyg, 5 blas
Lo VY 9 FOIYe SFIY AANF 54 (aggregatum
&l 0a3ls ol e (Amiri et al., 2021) sl cunday
9 W/E FIA i pan ol 53 o g 5k paiS Wlg claplls
Epddios Loy (Yasini et al., 2020) us 555 ws )y Y/
Zhang et al., ) sel Cowddss o> YV 55 > &3 £)l50 5

(2012

(EYR) (551 3 s casus
53933 558 IS ol ol 31 (EYR) (55 Sk o
! PV e 295 g dulro (5 pel 003 (65l 5 laisa9)9 2
SIS los (5550l i 3 (550 5t eSSl Sy L
losyiuS yobay el ol (Chenetal., 2006) cowl oud
iz sl anlp S Uy 00,8 pbles lp s)bre Glgiew
&l 59y 6yl Glopw b (Jao 3055 JlE s 5 plisios gl
G SYLEYR (gl (Odum, 1996) 34 o oolisul (g3l
35 o B alital )50 T, 5 (650l G lie Sl st
3, Slos i (; Brown & Ulgiati, 20050dum, 2000)
Ao g SO S Ay plUas s (sl Gaios ol 53 5l
(F Jois) 2o awle S1OVA 5 O/FNY S/F-F Jslao cui s
sromb BYR SO)5 a g ol s plosl slaowy 2 3o
» YL EYR s e o lis aouS o 15 pllas 60 4y s
Sirel @lie J p 0t odlatwl WS 5 1315 a g slapllas
il Jalos )3 bl oo ST el ay s pilnaes
ol laasls j S olsisa EYR Lasls wilise (slaplls
sbplss ¢y EYR ol (Amiri et al., 2021) 59 o 4 lus
S pasgs (Cucumus sativus L.) JLs sy clastds
sl J—as (Solanum  lycopersicum L.
Solanum ) ;L_—=esl o (Capsicum annuum L.
MY NYO g pan |y b s liw e (Melongena L.
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Table 5- Economic analysis of rapeseed, safflower and sesame production systems in Sistan region
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