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Fig. 1- Studied of location within Iran and Sistan and Baluchistan Province
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The green points indicate the location of the examined villages in Hirmand county, while the red points represent the location of the
Zabol and Zahak meteorological stations.
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Table 1- Management operations for production systems of wheat, garlic, onion, fennel, cumin and black seed in
Hirmand county

Oldos vy 5™ prov &bl L3951 PHLY W
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1- Environmental sustainability index
2- Emergy exchange ratio
3- Emergy index of product safety
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Fig. 2- Diagram of the energy flows in the wheat (a), onion and garlic (b) and medicinal plant (c) production system
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Table 2- Specifications and formulas of indicators based on energy used to evaluate the production systems for wheat,
garlic, onion, fennel, cumin and black seed of Hirmand

R Slogas Jsord R
Reference Specifications Formula Index
iy yo5 3o i oo ol R O e Sl S
definiti Renewable environmental flows Renewable inputs from free
By definition local resources
LU, 5 Sl sl
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shbLa55 g5l5L sla,
Gy d)um Gl e 31 puibaios claolys 2AERT )0 SBd9)9
- Fx Non-renewable purchased
By definition Non-renewable purchased flows inputs
A Mg el 5l cales gl jl5)90 (50l ulie R
iy o 55 pllas I3t 250 sl & Js ' - U5 55 3939
- Total emergy resources required to support the production U=R+N+Fr+Fx .
By definition Total emergy input
system
5 Slgizme AB 55 s (293 5y S Mg sl Slis g0 550l sl0ke
L ROWI Y PWSCS R
Brown & Ulgiati (2004) . J . Tr=U/AE & -
Amount of emergy required to produce an output unit in Transformity
joules. AE is the energy content.
LS Lo g 0 02latusl ypdgy 1085 (5 p0l duo)d %R= (R+Fr/ Sl s pdphases
Odum (2000) 3 9 odd o 2 &iyel by %R=( r/U) Sirler a8
Percentage of the renewable energy used by the system x100 Emergy renewability
oolasdl glio ;3 6 )8 asle yo b e bt 51 o3liisl yolite
e Syl s Comd
Odum (2000) Abll}ty of a process to use rf:newable apd nonrenewable EYR=Y/Fa+Fx & )ﬂ‘& =
environmental resources with economic resources as a Emergy yield ratio

Brown & Ulgiati (2004)

Lu et al. (2014)

Lu etal. (2014)

Lu et al. (2014)

Lu etal. (2014)

Odum (1996)

Xi & Qin (2009)

capital
Pl 5 OB e 31 IS @ @B Sl osd )by 5] e s EIR
EIR is the ratio of emergy resources purchased from outside
to all free environmental emergy in the system

a5 (S Lasgs 005 syl o L3
Environmental pressure produced by a process

ol o5l olio
An inverse measure of sustainability

Fisgb plas o)l bl it Mie cpl 4z sa o 4l (29)5 Sty
ow
The dependence of the system output on the environment,
the greater the value, the stronger the sustainability of the
system.
103y b 5o bl pyisnyios wlis 5l oolitel 4y 45 Cslite ()l Lasls
FOWIEL VTSI BV
Alternate sustainability index that focuses on the use of
renewable resources with minimal pressure on the
environment.
Economic output (A system yield) traded with money in the
market (YM) on total emergy input rate (U)
552l ISy s (YM) J5L 53 Joo b o abslie (pls 5,80es) (o3laidl (2,5
(U) plss 399

il Jyame ol ) b S ls 5 <l &3 pyow il 355 i ja3la
led o
It assesses the effect of chemical fertilizer, pesticide and
herbicide use on product safety

EIR=(Fr+Fn)/(R+

ELR=(N-+Fx+ Fr)/
R

ELR*= (N+Fy)/
(FR+ R)

ESI=EYR/ELR

EST*=
(EYR/ELR*)

EER= YM/U

EIPS=1-[C + (Fx
+ FR)]

&5xel 5Bl pus s
Emergy investment ratio
3kl lagrocn 5 5l s
Standard environmental
loading ratio
ol Mol lasee i j 5l Cans
Modified environmental
loading ratio

b glul jasls

Emergy sustainability index

o ol Lae (55l Lasls
Modified environmental
sustainability Index

&55el alio S
Emergy exchange ratio

My oMo (g5l padld
355 5 pgows IS ile (550l g502ee C
Emergy index of agricultural
product safety. C is the sum of
herbicide, pesticide and
fertilizer emergy
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Wheat, onion, garlic, fennel, cumin and
black seed production systems of Hirmand

Unit Emergy
Value database

l

Collect the Define
raw data system
boundaries

Draw systems
diagram

Design Accounting
—>| emergy emergy
table structure
Calculate
emergy-based
indices
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Fig. 3- Emergy synthesis flowchart of agricultural production systems of Hirmand

Sbplla 4 (63939 by iyl Jelod live p ladllas 5

FAFXY 0 L5 54 liwgain ;D 455 ddgle ¢ pAiS g i
Wb 155 LS p gandyss Jaspl VYO g ¥E0xY
gy L glie g)lul oy > (Pelliciardi et al., 2014)
82929 553l Olsee BB Siiddass adlale ) (Bl (j5liS
CiS ) 93 1 poyed pAiS—IiIS— il Gl b elj pllss &
Lapllss (63909 Loz i JBlis o5 5 o5d (5
A5 )5 LS 3 cdidyed Jaipl YV g Y FAX) P
slad oo 13 0598 aoi pllas )5 yicon .(Fan et al., 2018)
Josel MVOx) -2 a g pllss ay (63959 sl J=jp (b
(Giannetti et al., 2011) 45,5 )35 LiSa o (gadyss
e glaodly 4 adllae 3590 pllas (i )3 (6399 slaodles
sleodles (N) pigbniog clasxe gbaodles «R) ndyyios
(FN) pinbaass golaibdl codlys o (Fr) plyiss goladl

(R) pigassas oaas glacules

255 S s) ! ] et jobds b5 BB Jae glapl >
waclidn oled I Ol jelaiody 1V . 0ed o Curdio b yss
LS adys p L pliaed e slaglb e @l Glisa
.(Asgharipour et al., 2019)
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Table 3- Natural and economic flows of the different production systems of Hirmand township in units ha™

Unit Wheat Onion Garlic Fennel Cumin Black seed

KEN puE 3 gy &L, oy aildobuw

Rdnaod v GB$39)9
Renewable environmental inputs (R)

by )9 J 2.74E+13 4.26E+13 3.83E+13 3.80E+13 2.38E+13 3.35E+13
Solar energy
'3'4 ;w."'.',.dj)"' J 8.11E+11 1.87E+12 1.56E+12 2.62E+12 6.81E+11 5.66E+11
Wind kinetic energy
Q])Ie."ﬂ” il fﬁ)ﬂ J 2.89E+09 2.89E+09 2.89E+09 2.89E+09 2.89E+09 7.11E+09
Rain chemical
fsb;,) <! J 2.26E+10 1.46E+10 1.53E+10 1.06E+10 9.65E+09 6.55E+09
River water
G 9 2 ] 2.14E+10  1.35E+10  1.40E+10  9.81E+09  8.86E+09  1.35E+10
Evapotranspiration

2dlnsed dase 5lagdg,9
Non-renewable environmental inputs (N)

i) sl J 4.92B+09  1.29E+10  L43E+10  347E+09  3.75E+09  0.00E+00
Ground water
ek 7 J 3.46E+09 1.15E+10 1.25E+10 3.22E+09 3.51E+09 0.00E+00
Evapotra_nsplratlon
. ‘_ﬂ;,’ o o3le clils . J 1.42E+11 9.50E+10 9.50E+10 0.00E+00 0.00E+00 0.00E+00
Sil organic matter reduction
B el g 6.92E+06 6.92E+06 6.92E+06 6.92E+06 6.92E+06 6.92E+06

Soil erosion
oawi (gl 5 cLodlys
Purchased inputs (Fr & Fx)

S 9 J 2.96E+08 5.88E+08 7.53E+08 4.70E+08 2.35E+08 1.57E+08
Human labor

§Y|fu g 6.60E+03 5.19E+03 5.45E+03 2.12E+03 2.91E+03 1.80E+03
achinery
. “‘1’;: v df?.” . g 5.46E+09  2.80E+09  6.91E+09  1.12E+09  1.77E+09  1.17E+09
ossil fuel and lubrican
Nit Qj”::; ?f,l, g 1.50E+05 2.70E+04 2.16E+04 2.00E+05 0.00E+00 2.00E+05
itrogen fertilizer
Ph h’&d Af il g 7.50E+04 6.90E+04 5.52E+04 0.00E+00 1.50E+05 0.00E+00
osphorus fertilizer
P tmt‘:]? ;:.{1' g 0.00E+00 0.00E+00 0.00E+00 2.00E+05 0.00E+00 2.00E+05
otash fertilizer
Mi ,)i"; ;’gl g 1.00E+03 5.40E+04 4.32E+04 0.00E+00 0.00E+00 0.00E+00
icro fertilizer
ﬁb > g 0.00E+00 6.00E+06 9.00E+06 6.00E+06 7.50E+06 3.00E+06
anure
Pesticide g 1.00E+03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Herbicide g 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.00E+02
Edl::“:):i”t J 1.73E+08 2.59E+08 3.42E+08 1.73E+08 1.58E+08 1.40E+08
ectricity
4 JJ“) 4.5.E+06 5.20E+07 1.88E+08 6.48E+06 1.10E+07 8.64E+06
Seed Rials
9
Output (O)
EdJLﬁl.: ield g 2.00E+06 9.60E+06 8.00E+06 1.40E+06 1.50E+06 6.00E+05
conomic yie
Ed:La.:sl.:‘ ield J 2.90E+10 1.54E+10 1.28E+10 1.92E+10 1.88E+10 8.70E+09
conomic yie
A oS 2, Sas 2.70E+06
Straw yield & ’
A oS 2, Sas J 6.08E+09 - . . . .

Straw yield
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clgls” 4 (Zhang et al., 2005) -, an 5 Sl yiron (2013
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s, (Hu et al., 2010) &b 03 (ye58 Jo5 50 (ghabiyos
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Table 5- Emergy-based indices of the different production systems of Hirmand

Wheat Onion

Garlic Fennel Cumin Black seed

P 3
(1) Jeos e 9.07E+05  2.19E+06
Transformity
(R) 3yl iy 20> 36 106
Emergy renewability(R) . .
(EYR) 555l 3,5hae i 3.887 3.110
Emergy yield ratio (EYR) ’ ’
(EIR) 521 55 e o 8.040 4553
Emergy investment ratio (EIR) ’ ’
(ELR) 5 bkl gtum3 boweo )b Copuas
Standard environmental loading 30.250 13.161
ratio (ELR)
(ELR*) 015 gl (jianj basxo )b s
Modified environmental loading 26.797 8.433
ratio (ELR*)
EST) 5, ltinl s e (5l adls
(EST) .0l g b sl ot 0.128 0.236
Emergy sustainability index (ESI)
015 ol g bayime (£)ly sl
*
(ESTY) 0.145 0.369
Modified environmental
sustainability Index (ESI¥)
EER) (¢50l dolo
(EER) el bl o8 110.1 3209
Emergy exchange ratio (EER)
(EIPS) sy ceodus 55yl b ls
Emergy index of agricultural 0.992 1.000

product safety (EIPS)

goov &bl w023 aldolow
3.41E+06  1.19E+06 9-82E+0 2.09E+06
12.0 16.9 8.3 5.9
2.092 2.281 2.322 2.105
10.486 3.031 9.066 11.637
20.940 5.913 20.048 23.497
7.343 4.929 11.097 15.925
0.100 0.386 0.116 0.090
0.285 0.463 0.209 0.132
743.8 2686.1 1926.9 402.2
1.000 1.000 1.000 0.997

» .(Lefroy & Rydberg, 2003; Brown & Ulgiati, 2004)
Sls 23S g sloplls (55,0 6 oo 2oy il el
N AY N[5 X8 o pasy aibolus g juw 0 byl <y
4 G &bl plS R gy 55,5 0 duwle doyd B2 A/Y
sl sBaisd9)9 5l 03latl 3L j waew o )50 slapllas Lo
PR oy Ghgsy cul )3 o9 JI o8 sl edlizl g ppdyapacs
48 35 paiS pllad 4 bgypo caalllas 550 (ol pllas (25 (e

(R) 558 S piguasad ao yu padld
Sndos dopd o JS (g5 el d pdpios slagdgyy Cons
2 ¢ IS,sbay (Zhang & Long, 2010) 544 0 45 (R) (55 5!
b (Laosly) plie jlodliul an o oy slapls
2 edesily 33 33,5 oo Lol pllas ()l AL Jdn plinaes
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EYR ojlul dmgs )3 153y9 casas VOY o YTV IS ime
9 V¥D s 0388 (hg)d Sl fuw 9 g Mg (b plls5 >
Oli=o o> 53 glaslllae p> (Su et al., 2020) i pMel V/ -0
15 G5 V-0 5 VAD ety s 5 gy 46550 » EYR
MY+ @y ol D EYR e e e > .(Lu et al., 2010)
s50 £ &Y s e > (Zhang et al., 2012) 4> )5 i)l
Psidium ) \gls5 (Carica papaya) L\, (Musa sapientum)
s yay EYR 50 (Clausena lansium) _.sly o (guajava

(Lu et al., 2009) cudl ods 5,155 V/¥+ 5 VYV NNV N/ F

(EIR) 55500 5 1Sl yuu Caseats
952 290 > S (EIR) (5l ()8 dolojoo s
oy S |y S o 51 i (550l o0lial )3 pllss TS
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Introduction

Natural scientists and agricultural experts are aimed to provide the right methods of ecosystem design in
order to promoting the health of natural systems, optimizing input consumption, enhancing production per unit
input consumption, improving economic efficiency and increasing ecological sustainability. To achieve these
goals, it is necessary to assess the sustainability of the agroecosystem to identify challenges and strengths.
Quantification of sustainability leads to an increase in awareness of the state of the system, which is of particular
importance in making the right decisions and managing them. Emergy is a thermodynamic tool for assessing the
sustainability of biological and agricultural systems. By evaluating and comparing the sustainability of
production systems in this way, human activity in the ecosystem is translated into the language of
thermodynamics. Over the past three decades, emergy as a powerful tool has been prove to examine the overall
performance and sustainability of the different production systems. The use of emergy analysis approach in
assessing the sustainability of crop systems, leads to the application of proper management to increase the
sustainability of production in these systems. In this study, six production systems of wheat, onion, garlic,
fennel, cumin and black seed were evaluated in the city of Helmand, Iran, using ecological and economic
indicators in terms of ecological sustainability.

Materials and Methods

This study was conducted in the production systems of wheat, onion, garlic, cumin, fennel, and black seed in
Hirmand County in 2019 and 2020. For this purpose, 117 farms were selected for wheat, 47 farms for onions, 32
farms for garlic, 17 farms for cumin, 12 farms for fennel and 8 farms for black seed. Information on inputs and
outputs of crop systems were obtained using the following two methods: first, verbal estimates using a
questionnaire, and second, field measurements and researchers' observations. In this study, free renewable and
non-renewable environmental inputs and non-free inputs for two systems were determined in terms of the same
unit of solar emjoule (sej). To analyze production systems and calculate the indices, inputs were categorized into
four types; free renewable environmental inputs (R), free non-renewable environmental inputs (N), free
renewable inputs (Fr) and non-free non-renewable inputs (Fn). The emergy-based indices calculated in this study
were Transformity (Tr), Renewable emergy percentage (%R), Emergy Yield Ratio (EYR), Emergy Investment
Ratio (EIR), Emergy Exchange Ratio (EER), Environmental Loading Ratio (ELR), Emergy Sustainability Index
(ESI), and Emergy Index of Product Safety (EIPS).

Results and Discussion Total emergy supporting for the production systems of wheat, onion, garlic, fennel,
cumin and black seed in Hirmand County were 3.25E+16, 3.37E+16, 4.36E+16, 2.29E+16, 1.84E+16, and
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1.82E+16 sej ha’!, respectively. Free environmental flows represented 74.27, 67.85, 52.21, 56.16, 56.56 and
52.49% of the total input energy of the production systems of wheat, onion, garlic, fennel, cumin and black seed,
respectively. The large share of free internal inputs indicated that most of the studied farms are non-industrial
systems that are traditionally managed and low-input. The values calculated for the sustainability indices (ESI
and ESI*) showed that the ecological sustainability of the fennel production system is higher than the other
systems. The main reason for the greater sustainability of this system was the high share of energy input related
to free environmental inputs and economic renewable resources. In addition, high emergy exchange ratio (EER),
environmental sustainability resulting from the impact on the market, less emergy expended in the production of
each unit of production and higher productivity of all production factors indicated a greater comparative
advantage of the fennel production system.

Conclusion

Overall, assessments based on the calculation of 14 emergy and economic indicators showed that special
attention to practical solutions for the overall management of production ecosystems, in particular the protection
of the soil organic matter and preventing soil erosion can increase the ecological sustainability in the main
agricultural systems of Hirmand County.

Keywords: Environmental burden, Integrated analysis, Intensive agriculture, Sistan, Sustainability
quantification



