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Figure 1- Hirmand county location within Sistan and Baluchestan Province and Iran
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Table 1- Specifications and formulas of indicators based on energy used to evaluate the production systems of Wheat, barley, alfalfa,
watermelon and melon of Hirmand
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support the production system

aly S adsi sl 5L 90 (g5l e
Ls')")jl leglm AE «_]9"5 —— s ‘5?5)5
Amount of emergy required to
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It assesses the effect of chemical

fertilizer, pesticide and herbicide use
on product safety
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SE= U/Yield
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o529 55!
Specific emergy

Syl G aaxs
Emergy renewability

o9 &5l
Special Emergy

Emergy yield ratio

&5l 6_)“:@“-.'.“)‘” s
Emergy investment ratio

o sl dasseacons 5 5k o
Standard environmental loading ratio

ol zllal damacun; b cud
Modified environmental loading ratio
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Emergy sustainability index
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Modified environmental
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Emergy index of agricultural product safety

C= the sum of herbicide, pesticide and fertilizer emergy
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Table 2- Natural and economic flows of the different production systems of Hirmand in units ha™

3ylg0 aolg ol Srdyda pus pe axigy ailgace oy
Items Unit  Symbol Ren. Wheat Barley Alfalfa  Watermelon Melon
s S8 )P ) L 1 270E+13  245E+03  6.38E+13  235E+13  2.42E+13
35 Solar energy
3 E bt o5 J i 1 857E+11  TA9E+11 423E+12  5A7E+1l  364E+1
< Wind kinetic energy
_i 22 oLl sleesd 55 J ) 1 194E+09  L1O4E+09  1.94E+09  1.94E+09 L.94E+09
3 Rain chemical
3 8.& PHERYSN
ﬁ’g o) J N 1 1.69E+05  1.69E+05  1.69E+05 1.69E+05 1.69E+05
33 River water
s O P .
",’;& O 9y J J 1 238E+10  1.72E+10  6.57E+10 5.78E+10 6.29E+10
Evapotranspiration
- £ i) sl J 3 0 0.00E+00  0.00E+00  391E+10  0.00E+00  0.00E+00
a % g Ground water
ks 3 — P .
p «Pl' S5 O 9 S J Jis 0 0.00E+00  0.00E+00  2.80E+10 0.00E+00 0.00E+00
?ﬂ 3 2c Evapotranspiration
2 o L . To ol
g Sty Jleloll 3 % 0 285E+10  190E+10 285E+10  285E+10  2.85E+10
: N § S Sil organic matter reduction
z3 S il b
2 o g Js 0 2.88E+06  2.53E+06  1.06E+06 3.03E+06 3.03E+06
@ Soil erosion
BT J Ju 0.1 3.90E+08  3.51E+08  8.09E+08 6.24E+08 7.02E+08
Human labor
SUloesle g T 0 530E+403 464E+03  B.35E403 5926403 5.92E+03
Machinery
OE9) 5 (shoned S5 5m g 3 0 3.62E+09  1.04E+08  1.68E+10 3.62E+09 3.62E+09
Fossil fuel and lubricant
S ke g g 0 150E+05  1.20E+05  2.50E+04 5.00E+04 5.00E+04
’LLE Nitrogen fertilizer
—‘):' 3 A 355 g g 0 500E+04  5.00E+04  1.20E+05 0.00E+00 0.00E+00
2 & Phosphorus fertilizer
9 5 by 55 g % 0 000E+00  0.00E+00 0.00E+00  000E+00  0.00E+00
8 3 Potash fertilizer
3£ 950 955
3= e g g 0 0.00E+00  0.00E+00  2.50E+03 0.00E+00 0.00E+00
9 g Micro fertilizer
1g o5
35 s . g Jis 0 250E+06  2.00E+06  6.50E+06 4.00E+06 5.00E+06
5 Organic Fertilizer
o S edl
= g Jis 0 1.00E+03  1.00E+03  2.00E+03 2.00E+03 2.00E+03
Pesticide
Sl J Jis 0.08 0.00E+00  0.00E+00  0.00E+00 0.00E+00 0.00E+00
Herbicide
oy 25 Rials  Ju 0 126E+08  104E+08  8.10E+08  4.32E+08  4.86E+08
Electricity
sé;j Rials Jio 0.50 4.80E+06  4.50E+06  1.58E+07 2.20E+06 1.86E+06
obatl o o g T 220E+406  195E+06  B.00E06  120E+407  8.00E+06
Economic yield
4 2 olassl o, Shes 3 I 304E410  269E+10 1ISE+11  228E+10  L52E+10
4,
e Economic yield
c Q. B
1‘5*5 o g Jis 2.80E+06  2.50E+06  0.00E+00 0.00E+00 0.00E+00
O Straw yield
S ol 0, Sos J I 350E+10  3.13E+10

Straw yield
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Table 3- Emergy synthesis and input structure of the five major agroecosystems in Hirmand (sej ha*)

3;lg0 UEV |°"\'.“f bt
Items Wheat Barley

Syl azly b,

A 63)‘“‘ ) &53]‘“' 0
Unit Emergy Value (%) (%)
(sej.ur?i¥'1) Emergy Emergy
“\“;)T b 3 1.00E+00 270E+13  0.17% 2.45E+03 0.00%
—~ olar energy
m P P
2z Skt ) 1.24E+03 109E+15  6.88% 8.92E+14 6.96%
E-! Wind, kinetic energy
9= bt lers 55
AF R 2.25E+04 437E+13 0.28% 437E+13 0.34%
\B 5 aln, chemical
] IS e ea L
jﬁ £ RJ*“’L“’) ‘tv')t“; | 2.34E+04 395E+09  0.00%  395E+09  0.00%
= ain, geopotential
§ alsg, o 0 0
%o e 3.61E+04 850E+14  5.42% 6.21E+14 4.85%
e L
33 S g s 3.64E+04 6.81E+14  4.30% 473E+14 3.69%
I3 Evapotranspiration
S %‘t”t | 1.09E+15 6.88% 8.92E+14 6.96%
uptotal
1s ijgjj‘ 2.83E+05 0.00E+00  0.00% 0.00E+00 0.00%
4 & rounawater
Y E AR
3 s @‘E)ﬁ) ‘:' o2 5t_f“’~ = 3.64E+04 0.00E+00 0.00% 0.00E+00 0.00%
g = o vapotranspiration
D22 N
P St leske S 9.36E+04 267E+15  16.84% 1.78E+15 13.88%
g = SOM reduction
% - Jl’ WLMJ)B 0, 0,
3 g o 1.27E+09 365E+15  23.05% 3.21E+15 25.03%
3c
32 S %Tt | 6.32E+15 39.89% 4.99E+15 38.91%
uptotal
H@L“' ﬁfg“ 2.22E+06 866E+14  547% 7.79E+14 6.08%
uman labor
J’”"f_*“[’“ 1.01E+10 535E+13  0.34% 4.69E+13 0.37%
achinery
- -,Mf " “;’Iﬁ'; ot 8.60E+04 3.11E+14 1.97% 8.94E+12 0.07%
0SSIl Tuel and lubrican
it Oj”‘*f‘ ﬁ _ 3.09E+10 464E+15  29.26% 3.71E+15 28.94%
itrogen tertilizer
o g"“‘s f " 2 82E+10 141E+15  8.90% 141E+15  11.00%
osphorus rertilizer
ol 255 2.23E+09 0.00E+00  0.00% 0.00E+00 0.00%
3@ Potash fertilizer
2 =}
iEp M_”‘;‘ :t’ls 2.05E+10 0.00E+00  000%  000E+00  0.00%
) 8 o ICl‘Ore Hizer
X 2 e 2.96E+08 740E+14  467% 592E+14  4.62%
g 5 Organic Fertilizer
D0 ae -
PU“f_“flg 6.30E+10 6.30E+13  0.40% 6.30E+13 0.49%
esticide
;“Sbf“g 6.30E+10 0.00E+00 0.00% 0.00E+00 0.00%
erpiciae
E‘“““‘I t~~5“<,i' 2 31E+05 201E+13  0.18% 2.40E+13 0.19%
ectricity
Sﬁd 6.76E+07 3.24E+14 2.05% 3.04E+14 2.37%
eel
s T—)‘t”t | 2.18E+11 8.43E+15 53.23% 6.94E+15 54.13%
uptotal
F e 2.18E+11 158E+16  100.00%  128E+16  100.00%

Total




Ol g (5, yo FF5

Y Joue ol

Continuation of Table 3

°)‘5'° UEV Axig) 45‘5"‘3'“ 0>
Items Alfalfa Watermelon Melon
6))'“‘ "\"5 U;’))‘ s ol s ol < ol
f Soxe 0% Soe 0% Soe (%
Unlt(l?g?_.eurngii/_l\)/alue Emergy (%) Emergy (%0) Emergy (%)
= “““é)g; rte?:e“r'gi”‘ 1.00E+00 638E+413  020% 2356413 047%  242E+13  0.17%
e L
1% Wi;(‘; mciﬁirgy 1.24E+03 531E+15 16.46%  6.41E+14  476%  451E+14  3.19%
9 £ L o
52 vkzlfmiélf‘ 2.25E+04 437E+13  0.14%  437E+13  032%  437E+13  0.31%
\
o g o e
£ o ;er:c?)ot:k;al 2.34E+04 395E+09  0.00%  3.95E+09  0.00%  3.95E+09  0.00%
ja'é N
72 e 3.61E+04 237E+15  7.35%  2.11E+15  15.65% 2.27E+15  16.05%
(5]
5 S
ES g Evag;tfr'; rjsf‘p~ir:ﬁ0n 3.64E+04 205E+15 637%  181E+15  1345% 2.32E+15  16.39%
X

(<)

@ Su%;gt " 531E+15 16.46%  2.11E+15  1565% 2.32E+15  16.39%
£ i ! 2.83E+05 1.11E+16 34.31%  0.00E+00  0.00%  0.00E+00  0.00%
Groundwater

= r .
3 5 S‘EW T' % if’“ ; 3.64E+04 102E+15 3.16%  0.00E+00  0.00%  0.00E+00  0.00%
\2 5 %g :{/lEEJO r]ansElrf:lLL(En
73 a¢ S Ol\fre";uctiuo : 9.36E+04 267E+15  827%  267E+15  19.79% 267E+15  18.86%
FES¥: S iglsd
3 > b 1.27E+09 135E+15  4.18%  3.84E+15  2850% 3.84E+15  27.16%
S Soil erosion
[<5)
5 s 161E+16  49.93%  651E+15  48.29%  6.51E+15  46.01%
=2
Hﬂnﬁnﬁgr 2.22E+06 180E+15 557%  139E+15  10.28% 156E+15 11.02%
'\/T:c'mtr"y 1.01E+10 843E+13  0.26%  5.98E+13  0.44%  5.98E+13  0.42%
Foss“@“‘smél ;;jlﬁ‘;ricam 8.60E+04 144E+15  448%  3.11E+14  231%  3.11E+14  2.20%
Nitrgéﬁeﬁejf;izer 3.09E+10 773E+14  2.40%  155E+15  11.46% 155E+15  10.92%
Phosphgrl;fermizer 2.82E+10 3.38E+15  10.49%  0.00E+00  0.00%  0.00E+00  0.00%
" ol 255 2.23E+09 0.00E+00  0.00%  0.00E+00  0.00%  0.00E+00  0.00%
—j,}’ 5 Potash fertilizer
23
3EE 9550 058 2.05E+10 513E+13  0.16%  0.00E+00  0.00%  0.00E+00  0.00%
i § o Micro ]‘ertlllzer
Sl Orgarﬁt:‘ ;fmlizer 2.96E+08 192E+15 597%  118E+15  878%  148E+15  10.46%
83 & SiSdale
.. . . . 0 . . 0 . B (1]
oo 6.30E+10 126E+14  039%  126E+14  093%  126E+14  0.89%
ot 6.30E+10 0.00E+00  0.00%  0.00E+00  0.00%  0.00E+00  0.00%
Herbicide
Ewiécfﬁl)/ 2.31E+05 187E+14  058%  9.98E+13  074%  112E+14  0.79%
sé: | 6.76E+07 107E+15 331%  149E+14  1.10%  126E+14  0.89%
Su%‘t‘g al 2.18E+11 1.08E+16 33.61%  4.86E+15  36.05% 5.32E+15  37.59%
{Of;f 2.18E+11 322E+16 100.00% 1.35E+16 100.00% 141E+16 100.00%

Campbell ) A « (Buenfil, 2001)Y 5 # & f & «Campbell and Erban, 2017) Y «(ca y25) \ iabgspo s 0 )les g1y aolin (UEV) (55,0l axls Jlaie
«Cheng et al., 2017) \f «Alfaro-Arguello et al., 2010) Y& Y ¢ Odum, 1996) Y+ 5 \Y V) (V- 4 Brandt-Williams, 2002) \f 5 VY A «(man.)
(Lanetal., 2002) Y\ (Campbell et al., 2005) A\ A «Lu and Campbell, 2009) \v «Alfaro-Arguello et al., 2010) V¢ .\ o
2 Unit Emergy Value (UEV) references for respective row number: 1 (definition); 2 (Campbell and Erban, 2017); 3, 4, 5, 6 and 7 (Buenfil,

2001); 8 (Campbell (man.)); 9, 12 and 14 (Brandt-Williams, 2002); 10, 11, 12 and 20 (Odum, 1996); 13, 19 (Alfaro-Arguello et al., 2010);
14 (Cheng et al., 2017); 15, 16 (Alfaro-Arguello et al., 2010); 17 (Lu et al., 2009); 18, (Campbell et al., 2005) and 21 (Lan et al., 2002)
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Table 4 - Emergy-based indices of the different production systems of Hirmand

b sl sl PYey Pes Axigy algu o3 >
Indices Unit Wheat Barley Alfalfa Watermelon Melon
oladl s Slae Jos
. o sej J! 5.22E+05 4.76E+05  2.74E+05 5.91E+05 9.31E+05
Transformity for economic yield
o5 5,Shas o
. . sej Jt 453E+05  4.10E+05
Transformity for straw yield
60La1§\ S ,S.La.c c'}ﬁ 6“,n1
» ’ L sej gt 7.20E+09 6.57E+09  4.03E+09 1.12E+09 1.77E+09
Specific emergy for economic yield
oS s Shoe 039 55! _—
. . sej g 5.66E+09  5.13E+09
Specific emergy for straw yield
R) 500l G pdysazs a2y
- % 8.78 8.98 18.92 18.71 19.82
Emergy renewabilityR)
EYR) 50! o Slae Cos
fﬂ . 1.879 1.847 2.975 2.774 2.660
Emergy yield ratio (EYR)
EIR) (55,0l (5,185 alo s
e e 1.138 1.180 0.506 0.564 0.602
Emergy investment ratio (EIR)
ELR) o lastes] s 3o |b Cos
ST e AT 13537 13371 5.074 5.388 5.100
Standard environmental loading ratio (ELR)
(ELR*) suis CU.o\ w‘la.;m b Cans
o T 0.096 0.099 0.233 0.230 0.247
Modified environmental loading ratio (ELR*)
ESD o lailbiw! cans jlae Il a3 ls
’ e 0.139 0.138 0586 0515 0522
Emergy sustainability index (ESI)
ESI*) ouis CLLA G jlauzs 6)\mb ol
Modified environmental 19.512 18.727 12.755 12.050 10.760
sustainability Index (ESI*)
EIPS) oty cunllss (550l oL
” g 0.993 0.991 0.988 0.974 0.976

Emergy index of agricultural product safety (EIPS)
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Abstract

Introduction: Agriculture is crucial for sustaining family livelihoods and advancing the national
economy. Food production and environmental conditions are heavily influenced by agricultural
practices. By converting environmental and economic input currents to the same unit of solar
emjoule (sej), the emergy analysis method can comprehensively compare various production
systems. Using the evaluation of the emergy structure and the analysis of emergy-based indicecs,
the ecological sustainability of five crop production systems of wheat, barley, alfalfa, watermelon,
and melon in Hirmand city, Sistan and Baluchestan province, was investigated in the present study.
Materials and Methods: Face-to-face questionnaires were administered to producers of wheat,
barley, alfalfa, watermelon, and melon products in Hirmand city from 18 villages where significant
agricultural products were produced in 2020. All information regarding crop inputs and outputs was
gathered using two methods: verbal estimates using a questionnaire; field measurements and
authors' observations; and field estimates using a questionnaire. During the same time frame, the
information provided by the farm manager and staff was thoroughly evaluated. In this study, Zabol
and Zahak meteorological stations provided long-term meteorological data.

First, the spatial and temporal boundaries of five systems for emergy analysis were determined, and
then the emergy diagram for the studied systems was drawn based on the classification of inputs,
renewable or nonrenewable resources, local or imported. Sunlight, wind, chemical energy and
geological potential energy of precipitation, river water, and evapotranspiration of renewable water
are examples of renewable environmental resources (R). Nonrenewable environmental resources
(N), such as soil erosion, soil organic matter losses, groundwater, and evaporation of groundwater;
Purchased renewable resources (FR), including 80 percent organic fertilizer, between 15 and 25
percent seed, 10 percent labor, and 7 percent electricity. Purchased nonrenewable resources (FN)
consist of agricultural machinery, fossil fuels, fertilizers, and chemical pesticides, 93 percent of
electricity, 90 percent of labor, 75 percent to 85 percent of seeds, and 20 percent of organic
fertilizer. Next, all input (U) and output (Y) currents, raw data for all production systems were
estimated and multiplied in joules, grams, or rials based on Iranian conditions for their unit emergy
value.

Results and Discussion: Free renewable and nonrenewable flows made up 46.77, 45.87, 64.39,
63.94, and 62.40 percent, respectively, of the total emergy input flows of wheat, barley, alfalfa,
watermelon, and melon production systems. The high proportion of free domestic inputs suggests
that the majority of the studied farms are semi-traditional, low-input, non-industrial systems.
According to the calculated values of the Emergy Sustainability Index (ESI), the ecological
sustainability of the alfalfa production system is greater than that of other studied systems. The
greater sustainability of this system was primarily due to the high proportion of emergy input from
environmental inputs and economic renewable resources.
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In addition, the Emergy Yield Ratio (EYR), the amount of energy used to produce each unit of
output, and the productivity of all production factors indicate that the alfalfa production system has
a greater comparative advantage. According to the Emergy Investment Ratio (EIR) values in the
present study, the barley production system had the highest rate of this index, while the alfalfa
production system had the lowest rate. In barley and wheat production systems, the highest
proportion of total emergy was contributed by chemical fertilizers and labor. Due to the greater use
of free renewable environmental inputs, the alfalfa production system had the lowest EIR index
value. According to the Emergy index of agricultural product safety (EIPS), the alfalfa production
system had the highest level of crop production health, while the watermelon production system had
the lowest level. Since the input of chemical fertilizers and herbicides is the most important factor in
the EIPS index, the low index of the watermelon production system can be attributed to the high
proportion of chemical fertilizers and herbicides in this system.

Conclusion: In general, the evaluations based on the calculation of emergy-based indices revealed
that in the dominant agricultural systems of Hirmand city, focusing on practical solutions in
comprehensive management of production system, particularly protection of soil organic matter and
prevention of erosion and loss of soil organic matter, can sustain these ecosystems and have a
dramatic effect. Due to the lack of organic matter in the soils of the study area, the cultivation of
perennial, rhizobium- and nitrogen-fixing plants with deep roots, such as alfalfa, improves soil
fertility. This stabilizes the production system by enhancing the economic performance of farmers,
soil fertility, and structure.

Keywords: Emergy analysis, Field study, Sistan, Sustainability quantification, Sustainable
Agriculture



