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Figure 1- Diagram of the emergy flows for drip irrigation pistachio system
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Figure 2- Diagram of the emergy flows for flood irrigation pistachio system
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Table 1- Specifications and formulae of the emergy-based indices used in the evaluation pistachio fields of Qom
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Transformity
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Specific emergy
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Emergy investment
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Emergy loading ratio
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Emergy loading ratio*
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Emergy sustainability
index
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Emergy sustainability
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Y=R+Ng+F

Tr=U/AE

SE=U/W

%R= (R+ Fr)/U

EYR=Y/Fr+Fn

Ele(FN+FR)
I(R+No)

ELR=(Ng+Fr+Fy)/R
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/(R+FR)

ESI=EYR/ELR
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Nonrenewable flows from purchased resources
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The ratio purchased to free emergy indicates the intensity of economic investment and
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Table 2- Natural and economic flows for flood and drip irrigation pistachio fields of Qom per hectare
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S y93 (555
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. . J 2.62E+10 2.62E+10 2.25E+04
Rain, chemical Erban, 2016
RIER =
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Table 2 Countinued- Natural and economic flows for flood and drip irrigation pistachio fields of Qom per hectare
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Economic yield
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Organic matter addition

g 2.00E+06

J 4.98E+10

g 3.E+07

J 7.60E+11

1.80E+06

4.48E+10

7.E+07

1.52E+12

N
Subtotal
F e
Total

1.73E+16

2.72E+16

1.88E+16

4.05E+16

VAR S ERPR VA r 23 RECIAVEL S AL FURE c v
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Table 3- Emergy synthesis, input structure and share of emergy inputs for flood and drip irrigation pistachio fields

St e
Sl S i Drip Flood
Emergy Variables o y95 (55 30l S y95 (55 30l Sl y55 (55 y0! Sl )95 (55 0!
Solar emergy (sej ha™ yr?) Solar emergy (%) Solar emergy (sej ha' yr) Solar emergy (%)
2y s e slaol >
Renewable environmental inputs
S 95 (555
Solar energy 4.63E+13 0.17% 4.63E+13 0.11%
ol iz (55,
Wind, kinetic energy L 66E+12 L 66E+12
o e . + . +
Ol gl (55
Rain, chemical
555 5 s 5.90E+14 2.17% 5.90E+14 1.45%
3 e
Evapotranspiration 3.43E+13 3.43E+13
K
Subtotal 6.36E+14 2.34% 6.36E+14 1.57%
ubtota
24l o e ol
Non-renewable environmental inputs
i sleo]
Ground water 5.11E+15 18.79% 1.09E+16 27.00%
35 9 s
Evapotranspiration
S T dlge lils 7.26E+14 2.67% 1.42E+15 3.50%
SOM reduction
S il 0.00E+00 0.00% 0.00E+00 0.00%
Soail erosion 3.40E+15 12.52% 8.75E+15 21.57%
5
Subotal 9.24E+15 33.99% 2.11E+16 52.06%
ubtota
ond )l > slagl >
Purchased inputs
5 Gy
Human labor 5.22E+14 1.92% 1.74E+15 4.29%
QY]Q:,ZLA
Machinery
s s i e 5.31E+13 0.20% 8.08E+13 0.20%
) gL-~M3
Fossil fuel and lubricant
58 355 4.82E+13 0.18% 2.57E+14 0.63%
[P} ™
Nitrogen fertilizer
i 08 3.65E+15 13.42% 5.69E+15 14.02%
Phosphorus fertilizer
iy 355 2.54E+15 9.34% 2.82E+15 6.96%
Potash fertilizer
5 Sn 355 2.23E+14 0.82% 2.23E+14 0.55%
Micro fertilizer
a5 2.39E+14 0.88% 3.17E+14 0.78%
Organic fertilizer
S ] 7.10E+15 26.14% 7.10E+15 17.52%
Pesticide
S ale 1.42E+14 0.52% 1.42E+14 0.35%
Herbicide
4.16E+14 1.53% 4.16E+14 1.03%
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Table 3 Countinued - Emergy synthesis, input structure and share of emergy inputs for flood and drip irrigation pistachio fields

Electricity
LT ol 6.24E+13 0.23% 1.25E+13 0.03%
SHwle
Irrigation system
Jles 2.31E+15 8.50% 0.00E+00 0.00%
Sapling 5.33E+05 0.00% 5.33E+05 0.00%
5
Subtotal 1.73E+16 63.67% 1.88E+16 46.37%
S e
Total 2.72E+16 100.00% 4.05E+16 100.00%

sleallss sl 5 (Shahhoseini et al., 2020) A/dY x V-«
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Table 4- Emergy-based indices and economic indices for flood and drip irrigation pistachio fields of Qom

o Sht L
el
Indice Drip Flood
obaidl o Shos gl 650! Jrd o o
5.46E+05 9.05E+05
Transformity for EY
Toolo (gl (650! Jrood s oo
o 3.58E+04 2.67E+04
Transformity for OM
©olaidl o Slos gl 059 (55!
1.36E+10 2.25E+10
Specific emergy for EY
Toolo gl 0529 550!
o 8.09E+08 6.03E+08
Specific emergy for OM
(1) 85501 20y Sy
3.45 243
R%
1571 2.157
EYR
&350l 6 15 lo puw o
1.753 0.865
EIR
ouls ol (55 30! (5,1 A Lo s i
27.214 29.566
EIR*
shazo (5,185 ,5b Connd
41.74 62.76
ELR
0ul ZMol (dausxo (5,185 5 s
¢ 27.964 40.236
ELR*
il gl el
0.038 0.034
ESI
oud g3lal (550l 5 5lmly el
0.056 0.054
ESI*
AL wwl o
1700 1530
Gross income
AL el
1584.05 1413.61
Net income
SIS N (6999 S
14.66 13.14

Input/Output ratio
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Table 5- Economic analysis for flood and drip irrigation pistachio fields of Qom (million Rials)
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Appendix A

Items of emergy for drip irrigation layout (sej ha™)

Initial investment in the pumping station (sej ha')c(cost, 6.50E+07) x (emRials, 6.67E+07 sej IR Rials) =
4.34E+15sej ha't

Initial investment in irrigation equipment (sej ha®): (cost, 22.70E+07) x (emRials, 6.67E+07 sej IR Rials) =
1.53E+16sej hat

Central control system for pumping stations (sej ha*): (cost, 1.30E+07) x (emRials, 6.67E+07 sej IR Rials) =
8.79E+14sej ha't

Drip irrigation accessories (sej ha™): [(iron, 5.80E+04 g ha) x (specific emergy, 3.56E+10 sej g)] + [(Plastic,
5.20E+04 g ha*) x (specific emergy, 4.19E+09sej g)] = 2.28E+15 sejha

Drip irrigation tape (sej ha'): (plastic, 1.20E+05 g ha?) x (specific emergy, 3.56E+10 sej g*) = 4.27E+15 sejha
1

Drip irrigation tapeinstallation cost (sej ha?): (cost, 4.0E+06) x (emRials, 6.67E+07 sej IR Rials) =
2.74E+14sej ha't

Drip irrigation layout emergy (sej ha): Yemergy item = 2.31E+16sej ha-1

Assume a life span of 10 years, yearly emergy for drip irrigation layout: 2.31E+15 sej ha*

Appendix B

Drip irrigation system

1-Solar energy (J ha*): (area, 1 ha) x (10,000 m? ha) x (during growth season, 5.79E+09 J m-2) x (1-albedo,
0.8) = 4.63E+13 J ha'®
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2-Wind, kinetic energy (J ha): (area, 1 ha) x (10,000 m? ha') x (air density, 1.3 kg m=) x (drag coefficient,
0.002) x (wind velocity x 2.9 m s1)® x (growth season, 2.048E+7 s) = 1.33E+09 J ha!

3- Rain, chemical potential energy (J ha?): (area, 1 ha) x (10,000 m? ha'!) x (rainfall, 0.028 m yr1) (density,
1,000 kg m®) (Gibbs free energy, 4,740 J kg™?) = 2.62E+10 J ha*

4- Rain evapotranspiration energy (J ha): (area, 1 ha) x (10,000 m? ha?) x (transpiration, 0.025 m yr?) x
(density, 1,000 kg m) x (Gibbs free energy, 4,740 J kg') = 1.19E+09J ha*

5- Ground water energy (J hal): (area, 1 ha) x (10,000 m? ha') x (average quantity, 0.750 m® m-2) x (conversion,
1000 kg m™3) x (Gibbs free energy, 4,590 J kg') = 3.44E+10 J ha'!

6- Groundwater evapotranspiration energy (J ha*): (area, 1 ha) x (10,000 m? ha*) x (transpiration, 0.732 m
yr1) x (density, 1,000 kg m) x (Gibbs free energy, 4,740 J kg™) = 3.47E+10 J ha*

7- SOM change: + 0.80%

SOM reduction weight = (area, 1 ha) x (10,000 m? ha*) x (0.3 m, soil layer) x (1400 kgm, Soil bulk density) x
(0.80%) = 33,600 kg ha't

SOM reduction energy: (33,600 kg ha, SOM reduction weight) x (5400 kcal kg) x (4186 J kcal ™) = 7.60E+11
Jhal

8- Soil erosion (J hat):

Average soil loss from water erosion calculated by USLE model to be 4.675 tones ha

Soil erosion = (area, 1 ha) x (soil loss rate, 4.675 tones ha) x (1.0E+06 g tones™) = 4.68E+06g ha™

9- Human labor (J ha'): (Working hour, 200 h ha'?) x (1.96E+06 J h'!) = 3.92E+08J ha'*

10- Agricultural Machinery steel (gr ha?):

Tractor: (Steel weight, 3.60E+06 g x work hours, 20 h ha') = 7.20E07 g h ha!

Assume an economic life of 15 years, yearly work hours 540 h).

Agricultural Machinery (g hal) = X (steel x work hours /economic life/yearly work hours) x hours ha=5.33E+03
grhal

11- Fuel for machinery (J ha'): (average quantity, 12.0 kg ha) x (conversion, 4.67E+07 J kg*) = 5.60E+08 J
ha!

12- Electricity (J ha'): (average quantity, 75 kWwh ha™*) x (conversion, 3.6E+06 J kwh) = 2.70E+08 J ha™*

Flood irrigation system

1-Solar energy (J ha*): (area, 1 ha) x (10,000 m? ha) x (during growth season, 5.79E+09 J m-2) x (1-albedo,
0.8) = 4.63E+13 J ha!

2-Wind, kinetic energy (J ha®): (area, 1 ha) x (10,000 m? ha*) x (air density, 1.3 kg m) x (drag coefficient,
0.002) x (wind velocity x 2.9 m s)? x (growth season, 2.048E+7 s) = 1.33E+09 J ha*

3- Rain, chemical potential energy (J ha'): (area, 1 ha) x (10,000 m? ha') x (rainfall, 0.028 m yr) (density,
1,000 kg m®) (Gibbs free energy, 4,740 J kg™?) = 2.62E+10 J ha'*

4- Rain evapotranspiration energy (J ha?): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.025 m yr?) x
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(density, 1,000 kg m®) x (Gibbs free energy, 4,740 J kg) = 1.19E+09 J ha!

5- Ground water energy (J hal): (area, 1 ha) x (10,000 m? ha') x (average quantity, 1.050 m® m-2) x (conversion,
1000 kg m™3) x (Gibbs free energy, 4,790 J kg') = 4.98E+10 J ha'!

6- Ground water evapotranspiration energy (J ha®): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.927 m
yr1) x (density, 1,000 kg m) x (Gibbs free energy, 4,740 J kg) = 4.51E+10 J ha'*

7- SOM change: +0.8%

SOM reduction weight = (area, 1 ha) x (10,000 m? ha') x (0.3 m, soil layer) x (1400 kg m=, Soil bulk density) x
(1.60%) = 67,200 kg ha'*

SOM reduction energy: (67,200 kg ha, SOM reduction weight) x (5400 kcal kg™) x (4186 J kcal ™) = 1.52E+12
Jhat

8- Soil erosion (J hal):

Average soil loss from water erosion calculated by USLE model to be 6.886 tones ha

Soil erosion = (area, 1 ha) x (soil loss rate, 6.886 tones ha?) x (1.0E+06 g tones™) = 6.886E+06g ha™*

9- Human labor (J ha): (Working hour, 400 h ha'?) x (1.96E+06 J h'') = 7.84E+08J ha'*

10- Agricultural Machinery steel (gr ha?):

Tractor: (Steel weight, 3.60E+06 g x work hours, 30 h ha*) = 1.08E08 g h ha™*

Assume an economic life of 15 years, yearly work hours 540 h).

Agricultural Machinery (g hal) = X (steel x work hours /economic life/yearly work hours) x hours ha™* = 8.00E+03
gr ha'l

11- Fuel for machinery (J ha'): (average quantity, 64.0 kg ha) x (conversion, 4.67E+07 J kg*) = 2.99E+09 J
ha!

12- Electricity (J ha?): (average quantity, 15 kWh ha) x (conversion, 3.6E+06 J kWh) = 5.40E+07 J ha'!
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Abstract

Introduction: Agricultural ecosystems depend on free environmental flows such as water, wind,
sunlight, soil and soil organic matter and non-free flows such as fertilizers, pesticides, electricity, fuel,
mechanical equipment and other industrial products. In this context, it is useful to use biophysical
methods based on thermodynamic laws such as energy analysis, exergy analysis, exergy evaluation
and life cycle evaluation with regard to the contribution of environmental services and inputs in the
production system based on equivalent unit.By applying the emergy approach to analyzing the
sustainability of agricultural systems, we can ensure that adequate management is implemented in
order to increase the sustainability of production in these systems. In this regard, by evaluating and
comparing two flood and drip irrigation systems in pistachio production using the integration of
emergy and economic indicators, it is possible to provide an accurate picture of the sustainability of
the two pistachio irrigation systems in Qom city, so that based on the results, Solutions for the
development of cultivation and stabilization of pistachio production and the optimal presence of this
plant in the cultivation pattern of the region should be provided.

Materials and Methods: In the current study, two irrigation systems for pistachio fields in Qom
Province, Iran, were analyzed using emergy analysis. For this study, we measured free renewable and
non-renewable environmental flows, as well as non-free flows, in 2019 for two pistachio production
systems that were irrigated by flood and rain.Free renewable environmental flows including sunlight,
rain, wind, evaporation and transpiration and river water; Non-renewable environmental free flows
including erosion and losses of soil organic matter; Non-free flows include chemical fertilizers,
pesticides, herbicides, machinery, fuel, organic fertilizers, labor and electricity that originate from
outside the system.The output of the system was pistachio product.

Results and Discussion: The largest free environmental input in both systems was the chemical
energy of rain with 5.90E+14 sej ha! year. Renewable environmental flows for both systems in this
study were 6.36E+14 sej ha?! year’.This category of input sources for flood and drip irrigation
systems constituted 1.57% and 2.34% of the total inputs to each system, respectively.Consumption
of underground water resources, evaporation and transpiration, loss of soil organic matter and soil
erosion formed the main components of non-renewable environmental flows, whose share of the total
input energy for flood and drip irrigation systems was 52.06% and 33.99%, respectively.Most of the
flow of non-renewable environmental inputs in both systems was related to underground water. In
general, the amount of underground water consumption, evaporation and transpiration and soil
erosion was higher in flood irrigation system than drip irrigation system. The total emergy inputs for
the flood and drip irrigation systems were calculated to be 4.05E+16 and 2.72E+16 sej ha* year?,
respectively, according to the findings. In contrast to the flood irrigation system, the drip irrigation
system was more reliant on purchased supplies than on environmental inputs. Groundwater
consumption accounted for 27.00% of total energy input in the flood irrigation system, while livestock
manure accounted for 26.14% of total energy input in the drip irrigation system. Transformities in the
flood and drip irrigation systems were 9.05E+05 and 5.46E+05 sej J?, respectively; emergy
renewabilities were 2.43% and 3.45%; emergy yield ratios were 2.157 and 1.571; emergy investment
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ratios were 0.86 and 1.75; standard environmental loading ratios were 62.76 and 41.74; and standard
emergy sustainability indices were 0.034 and 0.038, respectively.

Conclusion:Despite the flood irrigation system's larger contribution of environmental resources, the
high use of groundwater as a non-renewable input resulted in an increase in environmental burden.
The adoption of drip irrigation will lessen environmental burden on ecosystems while also improving
water use. In the current study, the drip irrigation system outperformed the flood irrigation system in
terms of yield, resource efficiency, renewability, and environmental sustainability.

Keywords: Emergy investment ratio, Environmental loading ratio, Emergy sustainability index,
Ground water



