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Introduction

Sustainability analysis of agricultural ecosystems is important in their decision-making and proper management.
Quantifying the sustainability of cropping agroecosystems can provide solutions to achieve positive economic and
environmental results. Emergy analysis can be used to determine the degree to which ecological and economic
systems are sustainable. By employing this method, we can better understand ecological and economic systems and
their interactions. Emergy analysis quantifies environmental and economic costs associated with achieving
sustainability, allowing for integrated management of ecological and economic factors. Emergy analysis is currently
being used in agriculture to determine the sustainability of various scales of production systems. The present study
was conducted to monitor the sustainability and productivity of inputs in wheat, barley, and alfalfa production
systems using emergetic indicators using information collected from the smallholders in Boland village, Sistan, Iran
,in 2019.

Materials and Methods

Boland village is located in Teymurabad village, approximately 17 kilometers north of Zabol city in Sistan and
Baluchestan province. Boland village's agricultural composition includes wheat, barley, and alfalfa cultivation.
During the study year, 148.9 hectares were designated for wheat cultivation, 50.8 hectares for barley cultivation, and
13.5 hectares for alfalfa cultivation. The inputs used included environmental and non-renewable resources and
purchased resources. These data were gathered during the study period using a database of agricultural
organizations, verbal estimates, field measurements, and researcher observations. The first step is to analyze the
system's boundaries and draw an energy diagram to classify the system's inputs. Emergy analysis's second step is to
create emergy evaluation tables. After quantifying each system's input flow in joules, grams, or Rials, the inputs
were multiplied by their transformities to obtain the solar emjoule (sej). Specific emergy, unit emergy value,
renewable emergy percentage, emergy investment ratio, emergy yield ratio, environmental loading ratio,
environmental sustainability index, and emergy exchange ratio were all used in this study.

Results and Discussion
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Free renewable and non-renewable flows accounted for 50.79%, 45.89% and 42.29% of the total input current of
wheat, barley and alfalfa production systems. The large share of free domestic inputs indicates that the majority of
study farms are non-industrial systems that are managed in a semi-traditional, low-input manner. The emergy input
of non-renewable environmental resources was 2.73E+17, 6.42E+17, and 4.99E+17 sej/ha in wheat, barley, and
alfalfa systems, respectively. Wheat and barley production systems have high emergy flows due to the high loss of
soil organic matter and soil erosion in these systems. In wheat, barley, and alfalfa production systems, the highest
proportions of purchased exergy resources were associated with animal manure, nitrogen fertilizer, and phosphorus
fertilizer, respectively. In wheat, barley, and alfalfa production systems, the unit emergy value was 4.44E+05,
3.80E+05, and 3.64E+05 sej/J, respectively. The higher exergy efficiency of alfalfa production systems compared to
wheat and barley production systems may be attributed to alfalfa's comparable economic performance to other
systems. EYR was calculated to be 2.03, 1.85, and 1.73 in wheat, barley, and alfalfa production systems,
respectively. The reason for the higher EYR in wheat production is that less purchased resources are used and a
greater proportion of inputs are provided by purchased resources. Additionally, the ELR values for wheat, barley,
and alfalfa production systems in Boland village were 17.36, 16.09, and 7.08, respectively. The calculated values for
emergy sustainability indices (ESI and ESI*) showed that the ecological sustainability of the alfalfa production
system is higher than other study systems. The main reason for the greater sustainability of this system was the large
share of input energy related to free environmental inputs and economical renewable resources. Also, low energy
exchangeable ratio (EER), environmental sustainability resulting from market impact, less emergy expended in the
production of each output unit, and higher productivity of total production factors indicate a greater comparative
advantage of the alfalfa production system.

Conclusion

In general, the evaluations based on the calculation of emergy-based indicators showed that in the dominant
agricultural systems of the Boland village, Sistan, attention to practical solutions in the comprehensive management
of the production system, especially protection of soil organic matter and prevention of soil erosion, can have a
significant impact on ecological sustainability.

Keywords: Environmental load, Emergy synthesis, Renewable inputs, Input-output based analysis, Emergy based
indicators
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1- Unit emergy value

2- Renewable emergy ratio

3- Emergy investment ratio

4- Modified emergy investment ratio
5- Emergy yield ratio

6- Environmental loading ratio

7- Environmental sustainability index
8- Emergy exchange ratio
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Table 1- Specifications and formulas of indicators based on energy used to evaluate the production systems of wheat,

garlic, onion, fennel, cumin, black seed of Hirmand

ol Jge 2 Slasule &0
Indicator Formula Specifications Reference
“F?’I) et;;‘ z Mf; ‘Su‘f’” R s e ool Odum
enewla € Ipus from free Renewable environmental flows (1996)
ocal resources
Y 25 e ‘JKf'l) Gleuss Oy (oo e 5l Al waes sl Odum
Non-renewable environmental N . 1996
inputs Non-renewable environmental flows (1996)
2deos )lik slesdgs Fr b @lie 5l plosios slapl o> Odum
Renewable purchased inputs Renewable flows from purchased resources (1996)
NM,U Sl st;ll;‘le dtmflsa)gd - S @lie §1 pib Lios lagl x> Odum
on-renevivr?puetzspurc ase Non-renewable purchased flows (1996)
S 5,0l 53 U=R+N+Ex+ i ol ) Coleo (sl JLidyge el e JS _ odum
: F Total emergy resources required to support the production 1996
Total emergy input N (1996)
system
lyome AR (Jg) s (293 21y o Mg sl jbinjge (55l ke
FREIONe: o . Brown &
o Tr=U/AE el Jpazme (533 Ulgiati
Transformity Amount of emergy required to produce an output unit in (2004)
joules. AE is the energy content.
®WR=
8550 s R A ) P g o 03l iy 55 55, 03 Odum
Emergy renewability x100 Percentage of the renewable energy used by the system (2000)
dlaidl mlis )d ()8 a oy b o mlis 1 skl julids
iyl o Sdes s EYR=Y/Fr+F Ability of a process to use renewable and nonrenewable Odum
Emergy vield ratio N environmental resources with economic resources as a (2000)
capital
2 oely (e (55,3 IS @ )l St )l p 55 e cuns EIR Brown &
Emergy investment ratio (R+N) EIR is the ratio of emergy resources purchased from (2004)
outside to all free environmental emergy in the system
o) "L;“' i )‘*I o ELR=(N#Fur Pl S, g 005 sy e 5L Lu etal.
tandar enw:gtr;gnenta oading FrR)/R Environmental pressure produced by a process (2014)
odd Mol aotacins § 5l o ELR*= i Lu et al.
Il ! yolide
Modified environmental (N+Fn)/ Frt g S o s (2014)
X : R) An inverse measure of sustainability
loading ratio (
P (5l el i ke (ol 42 damo & pls (g8 Sty L(;g;;)'-
Lo ()l pasli ESI=EYR/EL cul Jigs
Emergy sustainability index R The dependence of the system output on thg en\_/i_ronment,
the greater the value, the stronger the sustainability of the
system.
SLas Jolas b plys piinios mbie 5l eoliul p a5 oglite (o luly jasls Luetal.
W) C)ft‘_" e ?5)‘-\&9. oasls ES|*= sl S pate Cons Lago 3 03)ls (2014)
Modified environmental (EYR/ELR¥) Alternate sustainability index that focuses on the use of
sustainability Index renewable resources with minimal pressure on the
environment.
Economic output (A system yield) traded with money in
&5pel dhalio S EER YM/L the market (YM) on total emergy input rate (EJ) odum
Emergy exchange ratio - b W““"o" (YM) )I)l’ 2 J?:’ l" [R¥ ‘\bl‘:“’ (PUé.S .))f\L,._c) stl"":s‘ t_s'?ﬁ)i (1996)
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Fig. 3- Share of emergy inputs of different cropping production systems in Boland village, Sistan, Iran (%)
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Table 2- Raw data and renewability Fraction for different cropping production systems in Boland village.

Unit Wheat Barley Alfalfa Renewable fraction
) P # g ]

iy e bl
Renewable environmental input (R)

S o3 ] 407E+15 1.24E+15 8.62E+14 1
Solar energy
bt 3y J 127E+14 2.15E+13  5.70E+13 1
Wind, kinetic energy
ok glest 53 J 2.89E+11 987E+10  1.26E+12 1
Rain, chemical
ol Jewilegs 551 ] 804E+09 2.74E+09  7.30E+08 1
Rain, geopotential
2y, ] 445E+12  1L11E+12  6.92E+11 1
River water
8B, o 3 5 3 ] 501E+12 121E+12 8.38E+l1 1

Evapotranspiration, river water

rhbnaed s ol
Non-renewable environmental input

i) < J 0.00E+00  0.00E+00  1.87E+11 0
Ground water
w)’ﬁ_)’*'_éf“" 9 255 J 0.00E+00  0.00E+00  2.05E+11 0
Evapotransplratlon, groundwater

S (Jolse s J 9.90E+12 289E+12  8.97E+1l 0
SOM reduction

SE ale)p J  3.50E+08 9.55E+06  3.83E+07 0
Soil erosion

RICUF T

Non-free inputs




VD L el oY pamo gl (65)3LiS sl pgy (5ol Gl lKed g (SuidS

Sl 5950 J 3.48E+10 1.03E+10  7.48E+09 0.1
Human labour
eVlonile g  697E+05 2.39E+05  8.64E+04 0
Machinery
ol pllas ]l .
; O Rial 2.98E+08 1.02E+08  1.62E+06 0
Installation of irrigation system
ek g  150E+07 4.83E+06  6.08E+05 0
Nitrogen fertilizer
S 5 g  7.62E+06 260E+06  7.62E+06 0
Phosphorus fertilizer
rolpdss g  5.24E+06 169E+06  1.11E+06 0
Potash fertilizer
Retd g  164E+05 559E+04  7.43E+04 0
Micro fertilizer
w2 355 g  191E+09 3.05E+08  1.62E+08 0.2
Manure
“S““ g 44TE+05  1.02E+05  8.91E+04 0
Herbicide
Sl g 149E+05 381E+04  6.89E+04 0
Fungicide
“‘5”“’ g 1.27E+05  2.54E+04  3.38E+04 0
Insecticide
el sl i S J  0.00E+00  0.00E+00  4.37E+09 0.03
Electricity for irrigation
> Rial 4.50E+08 1.11E+08  8.64E+06 0.2
Seed
oS gly) 5 o9 g  570E+11 L164E+11  2.27E+11 0
Fossil fuel and lubricant
L 29,5
Output
s3] 3 Ko g  463E+08 1.28E+08  1.09E+08
Economic yield
s3] 3 e J  6.81E+12 186E+12  1.60E+12
Economic yield
ol 2,8koe g  5.12E+08  1.50E+08 -
Straw yield
ol 3 Ss J 115E+12  3.38E+11 -
Straw yield

Wk by y3 (€155 Y gz gi i (el (550l Byman Wb g (6550l Julodi @S -Y Jgoa
Table 3- Emergy synthesis and input structure of different cropping production systems in Boland village (sej.ha™")

J o po & P # g
Transformity Reference Wheat Barley Alfalfa
rdnad e gl >
Renewable environmental input (R)

S 29 1.00E+00 e 5k 407TE+15 124E+15 8.62E+14
Solar energy By definition
_ bb(w_‘.‘._d}‘f‘ 1.25E+03 Campbell & Erban (2016) 1.59E+17 2.69E+16 7.13E+16
Wind, kinetic energy
| - - I
Wlf s s> 2.25E+04 Campbell (2003) 6.50E+15 2.22E+15 2.84E+16
Rain, chemical
bl dedbis's 551 1.34E+04 Campbell etal. (2005)  1.08E+14 3.67E+13 9.78E+12

Rain, geopotential



oY 5l o ¥ o)lod 10wl (55 )gliS (ol pgp 4y pis OVF

_‘UBJ” <! 3.61E+04 Buenfil (2001) 1.61E+17 4.01E+16 2.50E+16
River water
Evapotranspiration, river water
" T e e 2.88E+04 Campbell (2003) 1.44E+17 3.48E+16 2.41E+16
Wlbsg) ol 3y g s
Eoomxe 1.65E+17 4.13E+16 7.21E+16
Subtotal
rdbuaed duse ok
Non-renewable environmental input
i) 1.92E+05 Buenfil (2001) 0.00E+00 0.00E+00 3.59E+16
Groundwater

Evapotranspiration, groundwater

it ]t s 2.88E+04 Campbell (2003) 0.00E+00 0.00E+00 5.90E+15
IR) P B9

Sk Jblye clil 90.36E+04  Brandt-Williams (2002)  9.27E+17 2.71E+17 8.40E+16
SOM reduction

SB Gile,d ;

) ) 1.27E+09 Brown & Bardi (2001) 445E+17 1.21E+16 4.86E+16
Soil erosion

Eoozxe 1.37E+18 2.83E+17 1.74E+17

Subtotal

OBy slrodle
Non-free inputs

Sl gy 2.22E+06 Lu et al. (2009) 7.73E+16 2.29E+16 1.66E+16
Human labour

Q\jl‘?"‘m 1.01E+10 Campbell et al. (2005) 7.04E+15 2.41E+15 8.73E+14
Machinery

_‘”L'*' f’_u_)"ﬁf*”' 6.76E+07 Asgharipour et al. (2020)  2.01E+16 6.90E+15 1.10E+14

Installation of irrigation system

. "59’::535_ 3.09E+10 Brandt-Williams (2002) 4.64E+17 1.49E+17 1.88E+16
Nitrogen fertilizer

S 25 2.82E+10 Brandt-Williams (2002)  2.15E+17  7.33E+16  2.15E+17
Phosphorus fertilizer

ol 2.23E+09 Odum (1996) L17E+16 3.77E+15 2.48E+15
Potash fertilizer

.”s"“’_f_ 2.05E+10 Lan et al. (2002) 3.36E+15 1.15E+15 1.52E+15
Micro fertilizer

w355 2.96E+08 Odum (1996) 565E+17 9.03E+16 4.80E+16

Manure

""Sdl; 6.30E+10 Hu et al. (2010) 2.82E+16 6.43E+15 5.61E+15

Herbicide

Ak 6.30E+10 Hu et al. (2010) 9.39E+15 2.40E+15 4.34E+15

Fungicide

iSorde 6.30E+10 Hu et al. (2010) 8.00E+15 1.60E+15 2.13E+15
Insecticide

S Sl .

M”SJ 2.31E+05 Asgharipour et al. (2020)  0.00E+00 0.00E+00 1.01E+15
Electricity

S)A{d 6.76E+07 Asgharipour et al. (2020)  3.04E+16 7.50E+15 5.84E+14

ee
oS gly) 5 S5 8.60E+04 Bastianoni et al. (2009) ~ 4.90E+16 1.41E+16 1.95E+16
Fossil fuel and lubricant

Eomxe 1.49E+18 3.82E+17 3.36E+17

Subtotal

oo 3.02E+18 7.06E+17 5.83E+17

Total
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Table 4- Emergy-based different cropping production systems in Boland village

Emergy based indices Unit Wheat Barley Alfalfa
S50 2 e g pad L gy pas # axdg
Transformity (Tr) .
L sej J*  4.44E+05 3.80E+05 3.64E+05
Ja5 oy
SpeC|f|c&emefgyl/ (SPE) sejg? 6.53E+09 5.51E+09 5.35E+09
029 Koy
ili 0,
Renelvi?::z; %R) ";o” 9.69 9.00 14.33
Emergy yield ratio (EYR)
Syl 3 Sl Cop 2.03 1.85 1.73
Standard emergy investment ratio (EIR)
3l ()l aylo o s 0.97 1.18 1.36
Modified emergy investment ratio EIR*
okl (g il s s 9.04 9.25 4.67
Standard environmental loading ratio (ELR)
5 bl arocens) b Can 17.36 16.09 7.08
Modified environmental loading ratio ELR*
o Mol agxocions i Copud 0.13 5.98 0.04
Standard environmental sustainability index (ESI)
5] _dasimn (bl el 0.12 0.11 0.24
Modified environmental sustainability index (ESI*)
o ool aime (sl pasla 15.62 0.31 41.02
Emergy exchange ratio (EER)
el holen o 258.75 330.95 107.44
Environmental index of sustainable development (EISD)
ool degs eacns bl 30.29 38.02 26.28
Emergy index of agricultural product safety (EIPS) 0.50 0.38 0.26
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