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Figure 1- Study location within Sistan and Baluchestan Province and Iran
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Table 1- Land use forms in the Boland village, Iran
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Figure 2- Summary diagram of the emergy flows of the cropping production systems in Boland village, Iran
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Figure 3- Diagram of the emergy flows of the integrated production systems in Boland village, Iran
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Table 2- Specifications and formula of emergy indicators used to evaluate Boland village systems

bl ab, L i
Indices Formula Specifications
s _W"@_ UEV = U (sej) / Output (J) It is the ratio gf the emergy required to make a
Transformity (sej J%) product or service to the available energy.
& & l - - .
B 039 &5 _ SPE = U (sej) / Output (g) It is the ratio qf the emergy required to make a
Specific Emergy (sej g%) product to the biomass.

This index evaluates the self-organizing ability of
FYE = (Br + Bn)/ (Fn+ Fr) the system: the higher the FYE, the higher the
ability of the system to self-organize.
&5 sxwwm %R = [(R + Fr) / U] x 100 This index quantifigs the reliance of each system
Emergy Renewability on renewable energies.
This index is ratio of the input emergy to the
&S5l aﬁ%& w-w EYR=U/ (BR + By + Fy + Fr) purchased emergy. It evaluates the contributiop of
Emergy Yield Ratio the resource output to the larger system per unit of
emergy invested by that system.
These indices are the ratio of emergy resources
purchased from outside to all free environmental
emergy in the local system.
The amount of emergy supplied to the economy by
EER=U/YM the producer divided by the amount of emergy
obtained from the consumer.
These indices are an inverse measure of

3 Skos 035l 95 (pmp Cann
Feedback ratio of yield emergy

Sl (6,185 ol s EIR=(Fy+Fr)/R+N+Bg+By
Emergy Investment Ratio EIR*=(Fn+Fgr) /R

S5l Jobs o
Emergy Exchange Ratio

shezme 6155)b cad ELR = (Fn+ Fr+ N+ Br+By) /R sustainability: the higher the value, the greater the
Environmental Loading Ratio ELR* = (Fy + N+ By) / (R + Fr+Bgr) environmental pressure of the system and the lower
the sustainability of the system.

jysles oY oyl 55yl e ical i

sm_ yw =l Gl > EIPS=1 - [C + (Fx+ F)] It assesses the effect of chemical inputs use on
Emergy index of agricultural product safety product safety.
i csi-evR/ER (1 s ness te sl of ve
Emergy sustainability ratio ESI*=EYR/ELR* '

renewable energies lead to higher sustainability.
Il dxwes <l 5 yal L i
Sy dns Sl .6))‘ o> EISD = EER x EYR / ELR It assesses the mar_kgt effects of emergy trading on
Emergy index for sustainable development the long-term viability of the system.
R :).u..\“\“\:u u'Ja.om dLb DJLQJ'
R = Renewable environmental inputs
N= )JJJL)JAJ?U U,Jaau sl oolys
N = Non-renewable environmental inputs
Fr= Ridaes ol (5l > sl eslys

Fr = Renwable purchased inputs

Fn = pdolasass ool gl 5 b oolys

Fn = Non-renewable purchased inputs

Br= pdyosand jo3 ey 0,Shes juS o

Br = Renewable fraction of feedback inputs

BN= jadgalang jo3 (g 0 Sles puS o

Bn = Non-renewable fraction of feedback inputs

Ywm(sej Rials®) = Jg oo o i X golazsl Jgama 5,b (o5,

Ywm(sej Rials™t) = Market value of the product’s economic yield (My (Rial 1)) x Money transformity (sej Rial%)
E = oolail s Slae

E = Economic yield

C = ols slagyls g oloand 355 ¢ 28 il (1S Cale (65,0 ggame

C = The sum of herbicide, pesticide, fertilizer, veterinary drugs and disinfectants emergy
U=R+N+B+FN+FR

2 Net benefit density 1 Output to input ratio
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Table 3- Raw data, renewability factor (Ren. Factor), unit emergy value (UEV), emergy, Em-value and market value for natural and
economic flows of the cropping production systems in Boland village, Iran

ol Ay oS ol oo Sixl e ool il 6k i)l
Items Unit G Pd N ax el &imloslg  Emergy (sej) Share  Em-value  Market value
Ren. Factor Raw data UEV (%) (sej Rials™)  (million Rials)
(sej unit™)
).:..u..»m GE.W gSL‘” aoLQ.S
Environmental renewable inputs (R)
e s> 598
1 J 1 6.39E+15 1.00E+00 6.39E+15 0.14 9.45E+07 0
Solar energy
b i 655
2 . i 1 2.20E+14 1.24E+03 2.73E+17 6.19 4.04E+09 0
Wind, kinetic energy
Shb el 655
3 OO e SO J 1 166E+12 234E+04  3.88E+16  0.88  5.75E+08 0
Rain, chemical
Sl Sy 555 55,
4 o Js's < J 1 118E+10 354E+04  418E+14 001  6.18E+06 0
Rain, geopotential
alssg, ol
5 . J 1 6.41E+12 3.61E+04 2.31E+17 5.25 3.42E+09 0
River water
oy, f 385 5 poes
6 i J 1 7.17E+12 3.64E+04 2.61E+17 5.92 3.86E+09 0
ET, river water
&5 2.79E+17 6.33 4.13E+09 0
Subtotal
Rz Jae sla eoly
Environmental non-renewable inputs (N)
7 i 3 0 242E+11 192E+05  4.65E+16 105  6.87E+08 0
Ground water
8 IR TSI 5 J 0 266E+11 3.64E+04  O68E+15 022  1.43E+08 0
ET, groundwater
S Jolge lals
9 . J 0 1.39E+13 9.36E+04 1.30E+18 29.51  1.92E+10 0
SOM reduction
SB b
10 . . g 0 4.08E+08 1.27E+09 5.18E+17 11.75 7.67E+09 0
Soil erosion
& 1.88E+18 42.53 2.77E+10 0
Subtotal
A% 6)l.h)> sl oolys
Purchased inputs (FR & FN)
5,5
11 = J 0.1 5.89E+10 2.22E+06 1.31E+17 2,97 1.93E+09 590.0

Labor
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Table 3 continued

oY1 Oeiile

12 . g 0 1.03E+06 1.01E+10 1.04E+16 0.24 1.54E+08 1725
Machinery
13 6) [ Rial 0 4.11E+08 6.76E+07 2.78E+16 0.63 4.11E+08 411.0
Irrigation system
14 o ’S _ g 0 208E+07 3.09E+10  643E+17 1458  9.51E+09 208.0
Nitrogen fertilizer
fd O
15 - 95__ g 0 1.83E+07 2.82E+10 5.16E+17 11.70 7.63E+09 311.7
Phosphorus fertilizer
ool 058
16 T g 0 8.28E+06 2.23E+09 1.85E+16 0.42 2.73E+08 203.6
Potash fertilizer
S
17 _”S"“' ’S g 0 2.99E+05 2.05E+10  6.13E+15 0.14  9.07E+07 2.6
Micro fertilizer
ST
18 g 0.2 2.39E+09 2.96E+08 7.07E+17 16.04 1.05E+10 3258.2
Manure
19 . g 0 6.56E+05 6.30E+10 4.13E+16 0.94 6.11E+08 105.5
Herbicide
20 . g 0 2.56E+05 6.30E+10 1.61E+16 0.37 2.39E+08 24.2
Fungicide
21 “’5°_’“_9 g 0 1.86E+05 6.30E+10  1.17E+16 027  1.73E+08 18.8
Insecticide
22 . J 0.07 5.73E+09 2.31E+05 1.32E+15 0.03 1.96E+07 4.8
Electricity
kY
23 S) .d Rial 0.1 5.85E+08 6.76E+07 3.95E+16 0.90 5.85E+08 570.0
ee
24 O3 g 0 9.80E+11 8.60E+04  851E+16 193  1.26E+09 184
Fuel and lubricant
FR 1.65E+17 3.74 2.44E+09 -
FN 2.09E+18 47.40 3.09E+10 -
’ 2.25E+18 51.14 3.34E+10 5899.3
Subtotal
S 441E+18 100  6.52E+10 5899.3
Total
o s>g,5
Outputs
a5 o Sles
25 o= g 4.63E+08
Wheat yield
puS ols
26 g 5.12E+08
Wheat straw
S
27 7 g 1.28E+08
Barley yield
aIS
28 = g 1.50E+08
Barley straw
4 e,iLo.c
29 e g 1.09E+08
Alfalfa yield
Sl o ,Sles
30 295 , g 4.05E+06
Grape yield

2 Unit Emergy Value (UEV) references for respective row number: 1 (By definition); 2 (Campbell and Erban, 2017); 3, 6, 8 (Campbell, 2003); 4, 12
(Campobell et al., 2005); 5 (Campbell (man.)); 7 (Cuadra and Rydberg, 2006); 9, 14, 15 (Brandt-Williams, 2002); 10, 16, 18 (Odum, 1996); 11 (Lu et
al., 2009); 13, 23 (Amiri et al., 2021); 17 (Lan et al., 2002); 19, 20, 21 (Maccanti et al., (man.)); 22 (Asgharipour et al., 2020); 24 (Bastianoni et al.,
2009)
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Table 4- Raw data, renewability factor (Ren. Factor), unit emergy value (UEV), emergy, Em-value and market value for natural and
economic flows of the integrated production systems in Boland village, Iran

Wil woly  cops e oledbl  asly byl il e el GRl olb obiy!
Items Unit ¢ 3yusux; Raw data &5 Emergy Share Em-value Market value
Ren. Factor UEV (sej) (%) (sej Rials™) (million Rial)
(sej unit™)
e oo sl ool
Environmental renewable inputs (R)
1 et 0y J 1 6.42E+15  1.00E+00  6.42E+15 0.07  9.50E+07 0
Solar energy
OLJA :,.. > (5 .
2 i L > J 1 2.20E+14 1.24E+03 2.73E+17 2.89 4.04E+09 0
IWind, kinetic energy
b - )
3 OV st B2 J 1 174E+12  2.34E+04 407E+16 043  6.02E+08 0
Rain, chemical
b Jamiliz g5 (55,
4 “”_’J*““ o J 1 1.18E+10  354E+04  4.18E+14 >0.01 6.18E+06 0
Rain, geopotential
FHERY
5 i J 1 6.41E+12 3.61E+04 2.31E+17 245 3.42E+09 0
River water
6 L 1O 9 J 1 717E+12  3.64E+04  261E+17 277  3.86E+09 0
ET, river water
&5~ 2.80E+17 2.96 1.20E+10 0
Subtotal
)memsla.mslm aoLQ.S
Environmental non-renewable inputs (N)
i) ol
7 e J 0 242E+11  192E+05 4.65E+16 049  6.87E+08 0
Ground water
8 SRS OIS 5 J 0 266E+11  364E+04 9.68E+15 0.10  143E+08 0
ET, groundwater
S Jolgs olals
9 K J 0 1.39E+13 9.36E+04 1.30E+18 13.80 1.92E+10 0
SOM reduction
SB il b
10 i . [s} 0 4.08E+08 1.27E+09 5.18E+17 5.49 7.67E+09 0
Soil erosion
&z 1.88E+18 19.89 2.77E+10 0
Subtotal
29> o sl ool
Feedback inputs (Br & By)
ol oS
11 g 0.2 2.16E+09 2.96E+08 6.39E+17 6.78 9.46E+09 2,840
Manure
o 5 4
12 2 ) 0.2 6.92E+08  5.37E+09  3.72E+18 39.41 5.50E+10 0
Fodder from cropping
Br 8.72E+17 9.24 1.29E+10
Bn 3.49E+18 36.94 5.16E+10
&z 436E+18 46.18 6.44E+10 2,840
Subtotal
R &5)“)‘?.)5 A5L° oa\.e,"
Purchased inputs (Fr & Fy)
$5
13 > J 0.1 7.12E+10 2.22E+06 158E+17 1.68 2.34E+09 712
Labor
YT esle
14 1 [s} 0 1.24E+06 1.01E+10 1.25E+16 0.13 1.85E+08 211
Machinery
Lol o
15 et e Rial 0 411E+08  6.76E+07  2.78E+16 029  4.11E+08 411
Irrigation system
16 | Olsrees g 0 208E+07  3.09E+10 6.43E+17 682  9.51E+09 208
Nitrogen fertilizer
17 S 255 0 183E+07  282E+10 5.16E+17 547  7.63E+09 312

Phosphorus fertilizer
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Table 4 continued
oy 098
18 CT g 0 8.28E+06 2.23E+09 1.85E+16 0.20 2.73E+08 204
Potash fertilizer
19 _”&"“' °’_S _ g 0 2.99E+05  2.05E+10 6.13E+15 0.06  9.07E+07 2/6
Micro fertilize
20 . g 0 6.56E+05 6.30E+10 413E+16 0.44 6.11E+08 106
Herbicide
21 & g 0 256E+05  6.30E+10 1.61E+16 0.17  2.39E+08 24.2
Fungicide
22 S o g 0 186E+05 6.30E+10 117E+16 0.2  1.73E+08 1838
Insecticide
23 T J 0.07 6.50E+09 2.31E+05 150E+15 0.02  2.22E+07 55
Electricity
24 S)b\ed Rial 0.2 5.85E+08 6.76E+07 3.95E+16 0.42 5.85E+08 570
ee
25 OF9) 9 e =g 0 1.06E+12  8.60E+04 9.12E+16 097  1.35E+09 19.8
Fossil fuel and lubricant
Ses ol
26 J 0.8 1.18E+10 3.61E+04 426E+14 >0.01 6.30E+06 1.2
Urban water
dlugs
27 J 0.1 1.37E+11 1.23E+06 1.69E+17 1.79 2.49E+09 4,120
Calves
28 o J 0.2 3.72E+10 1.73E+06 6.44E+16 0.68 9.52E+08 641
Lambs
039, S arg>
29 . J 0.05 1.42E+10 1.73E+06 2.46E+16 0.26 3.63E+08 221
Day old chicks
e
30 5T s 0 6.47E+04  1.54E+09  9.96E+13 >0.01 1.47E+06 52
Plastic feeding systems
3k 51 adsle :
31 Rial 0.2 1.49E+10 67600000 1.01E+18 10.68 1.49E+10 20,100
Fodder from market
e LS
32 i e [o} 0 5.42E+04 1.48E+10 8.02E+14 0.01 1.19E+07 22.5
Dietary supplement
[E XL . 5ol glag,l
33 5 e 1b g (Khiald slag o 0 356E+04  10E+09  3.56E+13 >0.01 5.27E+05 314
Veterinary drugs and disinfectants
SeEjels 4 o )
34 Rial 0 2.25E+07 6.76E+07  152E+15 0.02  2.25E+07 225
Vet visit cost
edaol
35 . i 0 6.97E+16 1.0E+00 6.97E+16 0.74 1.03E+09 18.7
Animal house construction
FR 541E+17 574 8.00E+09
FN 2.38E+18 25.24 3.52E+10
& 2.92E+18 30.97 4.32E+10 28,000
Subtotal
S ez 9.43E+18 100  147E+11 30,800
Total
o >s,5
Outputs
I, sl ollss solazdl
) st ol solatl o Slec 7.04E+08
Economic yield of cropping systems
olS 5 Slos
e g 6.62E+08
Straw yield
e g 5.81E+07

Meat performance
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Table 4 continued

il lit 1.43E+08
Milk performance
& e 2 g 1.78E+08
Egg performance
|
o 058 g 2.33E+08
Manure

2 Unit Emergy Value (UEV) references for respective row number: 1 (By definition); 2 (Campbell and Erban, 2017); 3, 6, 8 (Campbell, 2003);
4, 14 (Campbell et al., 2005); 5, 26 (Campbell, man.); 7 (Cuadra and Rydberg, 2006); 9, 16, 17 (Brandt-Williams, 2002); 10, 11, 18 (Odum,
1996); 12, 35 (This work); 13 (Lu et al., 2009); 15, 24, 31, 34 (Amiri et al., 2021); 19 (Lan et al., 2002); 20, 21, 22 (Maccanti et al., (man.);
23 (Asgharipour et al., 2020); 25 (Bastianoni et al., 2009); 27, 28 (Alfaro-Arguello et al., 2010); 29 (Cheng et al., 2017); 30 (Brown and

Buranakarn, 2003); 32, 33 (Castellini et al., 2006)
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Figure 4- Structure of emergy inputs for the different production systems in Boland village, Iran
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Table 5- Emergy-based indices of the cropping and integrated production systems in Boland village, Iran

4=l LS Skl
Unit Cropping Integrated
s il sej I 4.12E+05 5.65E+05
Transformity (Tr)
o l
e sej gt 3.23E+09 4.77E+09
Specific emergy (SpE)
5 ol RYRVREY
ST SRR % 10.07 8.70
Emergy renewability (%R)
(S5 2,808 S 1.96 3.23
Emergy vield ratio (EYR) ' '
S lasbinl s (6,155 ,b Cas
Pl game 855l o 14.80 3277
Standard environmental loading ratio (ELR)
o el e ) S 8.94 458
Modified environmental loading ratio (ELR*) ' '
S, sl (65 0l (6,108 ayle pus Loa 0.45
Standard emergy investment ratio (EIR) ' '
ous Mol (55 4l G Wlo ps S 8.06 10.46
Modified emergy investment ratio (EIR*) ' '
8yl (65 58l (6ol s 013 030
Standard emergy sustainability index (ESI) ' '
b lel sl gl o 0.22 0.71
Modified emergy sustainability index (ESI*) ' '
6:. l A l
Jyame Sl 25 sej 5.48E+19 5.71E+19
Emergy value of the product (Yv)
5 val Jols S
Sirl b 0.081 0.165
Emergy exchange raio (EER)
Il drwes gl 5 ol L
ORI SRS A 0.0114 0.0164
Emergy index for sustainabile development (EISD)
(S3ES Spane sl Sl et 0.45 0990
Emergy index of agricultural product safety (EIPS) ’ '
3 ,Shes 0335L 95 S
R 0.00 1.49
Feedback ratio of yield emergy (FYE)
[ESERY
o > Rial 8.10E+11 8.45E+11
Gross benefit (GB)
Lo
o o Rial 751E+11 7.66E+11
Net banefit (NB)
N C .
ST T T 13.73 11.67

Output to Input ratio (O/I)
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Abstract

Introduction: Analysis of agricultural ecosystems' sustainability is crucial for decision-making and
management. Quantifying the sustainability of agroecosystems can provide solutions to achieve
positive economic and environmental results. In order to meet the expanding human need for food,
agricultural production techniques have become increasingly specialized. In recent years, the
integration of agricultural and animal operations has been examined in order to address the challenges
generated by intensive production systems. Crop and livestock production are intimately linked in
integrated crop-livestock systems, resulting in favorable economic and environmental results.
Emergy analysis can be used to examine the sustainability of ecological and economic systems. By
adopting this strategy, we can acquire a deeper knowledge of the linkages between ecological and
economic systems. Environmental and economic costs involved with achieving sustainability are
quantified using Emergy analysis, allowing for the integrated control of ecological and economic
issues. Emergy analysis is now utilized in agriculture to examine the viability of production systems
at various scales.

The goal of this study was to compare the productivity and ecological sustainability of an integrated
crop and animal production system to that of a single crop production system using an emergy analysis
technique.

Materials and Methods: This study was conducted in 2019 using data collected from smallholder
agricultural land and livestock systems in the village of Boland, Sistan, Iran. Boland village is situated
in Teymurabad village, approximately 17 kilometers north of Zabol city in the province of Sistan and
Baluchistan. The agricultural composition of a Boland village includes crop production and animal
husbandry.

Environmental renewable and nonrenewable resources, as well as purchased resources, were used as
inputs. During the study period, these data were collected via a database of agricultural organizations,
verbal estimates, field measurements, and researcher observations. First, the system's boundaries are
analyzed, and an energy diagram is drawn to classify the system's inputs. The second step of emergy
analysis is the creation of emergy evaluation tables. After determining each system's input flow in
joules, grams, or Rials, the inputs were multiplied by their transformaties to calculate the solar
emjoule (sej). This study utilized specific emergy, unit emergy value, percentage of renewable
emergy, emergy investment ratio, emergy vyield ratio, environmental loading ratio, environmental
sustainability index, emergy exchange ratio, and emergy feedback ratio.

Results and Discussion: Both the agricultural and integrated production systems in Boland Sistan
village required a total of 4.41E+18 and 9.43E+18 sej/year of emergy, respectively, to maintain their
functionality. Specific emergy (SpE), emergy yield ratio (EYR), emergy investment ratio (EIR),
environmental loading ratio (ELR), emergy exchange ratio (EER), net profit density (NBD), and
output to output ratio (O/1) all demonstrated that the integrated system generates a higher net profit
than individual crop systems as a result of positive interactions between agricultural and livestock
components as well as a high level of environmental sustainability. The area around Sistan is able to
produce a wide variety of crops throughout the year as a result of its favorable climate and abundant
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natural resources. Additionally, there are several opportunities to combine cattle and crop production
in this part of the world.

Conclusion: According to the findings of this research, integrating crop production and livestock
production has the potential to lower economic risk and increase profitability, in addition to providing
many benefits for the protection of soil and water resources and the productivity of the nutrient cycle.
These benefits can be found in a variety of ways. As a result of this, an integrated crop production
system is recommended as a suitable option for farmers to diversify agricultural operations in order
to avoid hazards, improve crop production, and prevent environmental damage. This is because an
integrated crop production system is a more comprehensive approach.

Keywords: Environmental burden, Environmental economics, Renewable inputs, Sustainability
assessment



