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Table 1- Economic and environmental inputs and results of emergy analysis of wheat production systems in Sistan region
. & . .
).}5 . Fod o werd sl el Sl
52959 a2l Gpdaend el oledbl A Jros - Sh
. (sej Unit™) - (sej) are
Inputs Unit (%) Raw Refs. for
UEV . Emergy
Ran. Factor transformity
e o lagag s
Renewable environmental inputs
i J 1 2.92E+13 1.00E+00 Definition ~ 2.92E+13 0.05%
Solar energy
b sz 55,
et oy 3 1 6.26E+10 1.25E+03 Campbell and 7 goe 15 6 1504
Wind, Kinetic energy Erban 2016
b T
OO e S J 1 4.90E+11 2.25E+04 Campbell (man.) 1.10E+16 20.60%
Rain, chemical
b Jailiz g5 (55,
oLl Jelias’s 55 J 1 1.69E+08 1.34E+04 Campbell etal., , 5ee 115 0.00%
Rain, geopotential 2005
Afgeay ) 1.10E+16
Subtotal
2025 B d s (6999
Non-renewable environmental inputs
s Ol Cuadra and
[Ca S SR
J 0 1.47E+10 3.61E+04 5.31E+14 0.99%
Groundwater Rydberg, 2006 0
. A <
obt O s T J 0 1.14E+10 2.88E+04 Campbell (man.) 3.28E+14 0.61%
Evapotranspiration, ground water
S JTeole als i
ool e J 0 1.33E+11 9.36E+04 Brown and Bardi, ; 5 e 16 93 2504
SOM reduction 2001
S ol i
= o 9 0 1.68E+07 1.27E+09 Brown and Bardi, , 150 16 39 794
Soil erosion 2001
DA 3.46E+16
Subtotal
oads (5l 5 slacsog s
Purchased inputs
! .
e S J 0.1 1.53E+08 2.22E+06 Luetal, 2009 3.40E+14 0.63%
Human labor
YT ile
Yo g 0 1.28E+03 1.01E+10 Campbell etal., ) 5oe 413 0.0206
Machinery 2005
092 3 hoed lacS s g 0 6.63E+09 8.60E+04 Bastianoni etal., ¢ 700114 1 0706
Fossil fuel and lubricant 2009
et d g 0 2 00E+05 3.09E+10 Brandt-Williams, ¢ ;e 115 11 5506
Nitrogen fertilizer 2002
s 2S) J 0.05 7.74E+08 2.31E+05 Amiri etal,2019 1.79E+14 0.33%
Electricity
s Rials 0.2 8.00E+06 6.76E+07 Asgharipouret g 41414 10104
Seed al., 2020
A gee y ) 7.82E+15
Subtotal
) 5.35E+16 100%
Total
e
Output
5 4l
ps 4l g 2.08E+06
Wheat grain
pus el 3 3.05E+10
Wheat grain
pa5 ol g 2.25E+06
Wheat straw
pas s J 2.81E+10

Wheat straw
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Table 2- Specifications and formulae of the emergy-based indices of the Wheat production systems of Sistan

Indices Formula Specifications
S Gl ol o3 ez p gLl (g B G s sl 5l 50 53l ke
. Tr=U/E (sej J-1) . . L
Transformity (Tr) Amount of emergy required to produce an economic output in joules, a
measure of system efficiency.

D5l o0 6 pS o3l p S e oS (g aly S adg sl 5L 090 (65 el e
529 &5 sl J s BB 50 W

039 &30 gaze (poysd B (59

e SE=U/W _ _ i
Specific emergy (SpE) Amount of emergy required to produce an output unit measured in grams. W

ESSEIRTSRVECRE RS
Emergy renewability (R%)
Sl Aol s
Emergy exchange ratio
(EER)

Sipel o Ses S
Emergy yield ratio (EYR)

e SIS L cuns
Environmental Loading
Ratio (ELR)

ool (e (538 ,1 o
AW
Modified environmental
loading ratio (ELR*)
oy fame (g loly s
Emergy sustainability ratio
(ESI)
oy fame (gl S
0dl C)La‘
Modified emergy
sustainability ratio (ESI*)

&5l (6,105 Aoy
Emergy investment ratio
(EIR)

kel 5,0l 5T abe s Cas
OJ.»)
Modified emergy investment
ratio (EIR*)
olaidl o Sl o3|
Market value of the
economic yield

%R = (R+FR) /U

EER=YM/U

EYR = U/ (FR+EN)

ELR = (FN + NO +
FR)/R

ELR* = (FN + NO)/(R +
FR)

ESI=EYR/ELR

ESI*=EYR/ELR*

EIR= (FN + FR) / (R+
NO)

EIR* = (FN + FR) /R

Ym

is the accessible weight of the product.
el Lawgs ool oolatwl pdyasass (65,0l wo o

Percentage of renewable emergy used by the system

b 9ly 5o Jgaze 3 Slas (bl 2 (6550l dolis o
Emergy exchange ratio based on crop yield per unit area
plie a5 Gloy pdibasass g pdyasass o mbio 5l oslanul (gl ol S LUles
B9d o0 6,15 wlepw lo s (68955 (lsie s pllas o 215 5l goladl
Ability of a process to use local renewable and non-renewable resources when
economic resources from outside are invested in the system as a capital input.
2dpaes aime (650l 4 n3glasass dame 5 0ud (6l B (650l @l cd ELR
ol
ELR is the ratio of emergy resources purchased and Non-renewable
environmental to the free renewable environmental emergy
gle @ pdbaasd Jase 5 pdgbagass oad gyl > 65l gl cowd ELR™
el ol gl pdgnan g e Q) pdyass
ELR* is the ratio of emergy resources Non-renewable purchased and Non-
renewable environmental to the free renewable environmental emergy and
Renewable purchased
Col 598 plls5 (5)luly dl oy e az 58 camme 4 pllsS (g B (Sly
The dependence of the system output on the environment, the greater the
value, the stronger the sustainability of the system
axg Nk @ az gl e pdian glie jleslinul oS Sl g)luly eSS
Sl
Alternate Sustainability Index that focuses on the use of renewable resources
regardless of loading.
el 5o G, e gl ggazme 4 @) 5l ead )l 5 5] b <o EIR
shome
EIR is the ratio of emergy resources purchased from outside to all free
environmental emergy in the local system

‘sfaﬂ;m ulf;b JYRVRVRES) Syl Cl} 5lead gl 5 (655l rls cos EIR*
EIR* is the ratio of emergy resources purchased from outside to the free
renewable environmental emergy

u‘“5)9 ‘aLi;.m 5 Q\Jj.azn 6‘)—.’ oA Caélg.)b JBJ
Money received for the crops when sold.

U= FN+FR+R+NO

Ym =Jgame golatdl s Slae (5,l5L Sl x Jsr b oy

Ywm = Market value of the product economic yield x Money transformity

E=Economic yield

E= solatdl s Slae
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Figure 1- Energy Systems Language diagram of wheat production in the Sistan region
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Table 3- Indicators of emergy analysis of wheat production systems in Sistan region

Szl y P s L Hladie
Emergy based indices Quantity
Transformity (Tr) (sej/J) grain 1.75E+06
SpE (sej/g) grain 2.58E+10
Transformity (sej/J) straw 1.90E+06
SpE (sej/g) straw 2.38E+10

R% 34%

EYR 6.84

ELR 3.85

ELR* 0.517

ESI 1.78

ESI* 13.2
YM 7.71E+15

EER 6.94

EIR 0.171

EIR* 0.710
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Abstract

Introduction: Wheat is the most important agricultural product in Sistan, which, depending on the
availability of water, provides a substantial portion of the region's farmers with a living.
Consequently, farmers attempt to expand their cultivated area. But any progress towards increasing
production will be valuable if it continues for an extended period of time, particularly the continuation
of the production of this product, which is of great importance in terms of meeting a portion of
families' food needs and generating income for its producers. Proper management of the production
system, environment, and natural resources is required to ensure the long-term sustainability of this
crop. In order to determine whether this production system will continue to exist in the future, it is
necessary to examine the production stability of these systems by analyzing the total input and the
effect of these inputs on the substrate and the surrounding environment. Consequently, it was decided
to evaluate the sustainability of wheat production in the Sistan region by employing the emergy
analysis technique and determining the contribution of each input and their impact on the production
system and the surrounding ecosystems using this method's indicators. The emergy exchange ratio
was used to assess the sustainability of wheat systems in this article.

Materials and Methods: In 2020, wheat fields in Sistan (including Zabol, Zahak, Hamoun, Nimrouz,
and Hirmand) were surveyed for this study. Each category was further subdivided into renewable and
nonrenewable categories. Regional meteorological stations recorded renewable environmental inputs.
The USLE model was used to calculate soil erosion, and wheat fields were measured for organic
matter changes. The amount of economic inputs was determined by interviewing wheat farmers, and
the amount of machinery was based on its lifespan. The 1SO1928 method defines energy output in
calories. Multiplying the total input current by the transformities yielded solar emjoules (sej). In
addition to inputs, emergy indices, a function of environmental and purchased flows, must be
calculated to evaluate wheat production sustainability. The desired indicators for this study are
transfomity (Tr), specific emergy (SpE), emergy renewability percentage (R%), emergy yield ratio
(EYR), environmental load ratios (ELR and ELR*), environmental sustainability indices (ESI and
ESI*), emergy investment ratios (EIR and EIR*), and emergy exchange ratio (EER).

Results and Discussion: It was important that environmental inputs contributed 5.35E+16 sej ha™ yr-
!to the total inputs that the production system required. Both EYR and EIR have favourable values,
as a result of the strong impact that environmental inputs have on the production process. Considering
that all methods of production include the use of natural resources, it is inevitable that there would be
negative effects on the surrounding ecosystem. As a result of the significance of this matter, an index
that has been given the name environmental loading ratio has been established in order to provide an
approximation of the amount of pressure that this system puts on the environment. The determined
value of this index is 3.85, which suggests that the manufacturing system only puts a moderate amount
of stress on the environment. However, taking into account the fact that this system was sustained by
34% renewable resources, the revised environmental load ratio index caused the production system
to behave more flexibly with the ecosystems that were located in its immediate vicinity.
Conclusion: The normal operation of a production system requires the interaction of natural and
purchased inputs, and the absence of one of these inputs causes more of the other type to be
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introduced. The substantial contribution of natural resources to the production process, relative to
purchased inputs, demonstrated that wheat production in the Sistan region is traditional. This
traditional production method has had the greatest impact on wheat production in the region due to
soil erosion. Therefore, management practices that preserve plant residues within the field can have a
positive effect on the region's wheat production.

Keywords: Environmental loading ratio, Farmers' livelihood, Renewable inputs, Soil erosion,
Sustainability assessment



