YVO-YA) Cloxio VPV Glimo; /[ § oylod VF sl

Evaluation and Comparison of the Efficiency and Sustainability of soybean Production in Aq
Qala and Aliabad-e-Katul counties based on the Emergy Analysis Technique

SRE

Ebrahim Asdkhani!, Mahmoud Ramroudi 2, Mohammd Reza Asghripour?,
Hamidreza Shahhoseini *

Received: 20 July 2023 Accepted: 11 December 2023

1-Student of Agroecology, University of Zabol, Zabol, Iran

2-Prof. of Department of Agronomy, University of Zabol, Zabol, Iran.

3-PhD. Graduated of Agroecology, Faculty of Agriculture, University of Zabol, Zabol, Iran.
*Corresponding Author Email: mramroudi42@uoz.ac.ir

Abstract

Background and Obijective: The purpose of this study was to evaluate and compare the efficiency and
sustainability of soybean (Glycine max L.) agricultural ecosystems in the counties of Ag Qala and Aliabad-e-
Katul.

Materials and Methods: The study was conducted in 2018-2019. First, resources were divided into four
categories: renewable environmental resources, nonrenewable environmental resources, purchased renewable
resources and purchased nonrenewable resources. After determining the inputs and outputs of farms and their
emergy equivalent, emergy indices were evaluated. In this study, production systems of soybean were
evaluated using emergy indices in counties of Ag Qala and Aliabad-e-Katul (Golestan province), by
questionnaires and face to face interview with farmers and managers of farms.

Results: The total emergy input to soybean farming ecosystems in Ag Qala and Aliabad-e-Katul was 6.21E+16
and 6.42E+16 sej hal, respectively. In both agricultural ecosystems, dependence on non-renewable
environmental inputs was much more than renewable environmental, renewable purchased and non-renewable
purchased inputs, which was due to the large contribution of groundwater and soil erosion from the total
emergy input.

Conclusion: Soybean production system in Ag Qala was more favorable in terms of resources use efficiency
and environmental and economic sustainability than soybean production system in Aliabad-e-Katul.
Implementation of the recommended solutions to reduce the consumption of non-renewable resources in
providing purchased inputs, along with awareness, education and encouragement of farmers in this field, is
effective in increasing efficiency and environmental and economic sustainability in agricultural ecosystems.
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Appendix A:
A. Ag Qala

1- Solar energy (J ha): (area, 1 ha) x (10,000 m? hal) x (during growth season, 3.30E+09 J m?) x (1-albedo, 0.8) = 2.64E+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 3.7 m s%)% x
(growth season, 2.488e+7 s) = 3.28E+10 J ha*
3- Rain, chemical potential energy (J ha®): (area, 1 ha) x (10,000 m? ha®) x (rainfall, 0.583 m yr*) (density, 1,000 kg m) (Gibbs free energy, 4,740
Jkg?t) =2.76E+10 J ha'
4- Rain evapotranspiration energy (J ha): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.446 m yr) x (density, 1,000 kg m<) x (Gibbs free
energy, 4,740 J kgt) = 2.11E+10 J hat
5- Ground water energy (J ha): (area, 1 ha) x (10,000 m? ha) x (average quantity, 2.73 m® m) x (conversion, 1000 kg m) x (Gibbs free energy,
4,690 J kg'l) = 1.28E+11 J hat
6- Ground water evapotranspiration energy (J ha™®): (area, 1 ha) x (10,000 m? ha*) x (transpiration, 1.78 m yr*) x (density, 1,000 kg m) x (Gibbs
free energy, 4,740 J kg') = 8.43E+10 J ha*
7- SOM change: -0.05%
SOM reduction weight = (area, 1 ha) x (10,000 m? ha) x (0.3 m, soil layer) x (1400 kg m3, Soil bulk density) x (-0.05%) = -2,100 kg ha*
SOM reduction energy: (-2,100 kg ha, SOM reduction weight) x (5400 kcal kg™) x (4186 J kcal*) =4.75E+10 J ha*
8- Soil erosion (J ha'):
Average soil loss from water erosion calculated by USLE model to be 12.35 tones ha*
Soil erosion = (area, 1 ha) x (soil loss rate, 12.35 tones ha™) x (1.0E+06 g tones™?) = 1.23E+07 g ha!
9- Human labor (J ha): (Working hour, 276 h ha™) x (1.96E+06 J h'') = 5.41E+08 J ha*
10- Agricultural Machinery steel (gr ha):
Tractor: (Steel weight, 3.60E+06 g x work hours, 12.5 h ha*) = 4.50E07 g h ha*
Carrier tractor trail: (Steel weight, 7.50E+05 g x work hours, 2 h ha') = 1.50E06 g h ha*
Moldboard plow: (Steel weight, 7.00E+05 g x work hours, 3 h ha*) = 2.10E06 g h ha*
Disc plow: (Steel weight, 6.00E+05 g x work hours, 0.5 h ha™) = 3.00E05 g h ha
Leveler: (Steel weight, 4.50E+05 g x work hours, 3.0 h ha') = 1.35E06 g h ha®
Planter: (Steel weight, 1.00E+06 g x work hours, 2 h ha) = 2.00E06 g h ha*
Harrows: (Steel weight, 6.00E+05 g x work hours, 2 h ha™*) = 3.60E06 g h ha™*
. Combine harvester: (Steel weight, 4.70E+06 g x work hours, 1.5 h ha) = 7.05E06 g h ha*
Assume an economic life of 15 years, yearly work hours 540 h).
Agricultural Machinery (g ha™*) = £ (steel x work hours /economic life/yearly work hours) x hours ha® = 7.77E+03 gr ha*
11- Fuel for machinery (J ha®): (average quantity, 111.65 kg ha™*) x (conversion, 4.67E+07 J kg-1) = 5.21E+09 J ha*
12- Electricity (J ha*): (average quantity, 325 kWh ha-1) x (conversion, 3.6E+06 J kWh™) = 1.17E+09 J ha
B. Aliabad-e-Katul
1- Solar energy (J ha): (area, 1 ha) x (10,000 m? ha) x (during growth season, 3.12E+09 J m?) x (1-albedo, 0.8) = 2.50E+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 2.5 m s%)® x
(growth season, 1.477E+7 s) = 6.00E+09 J ha*
3- Rain, chemical potential energy (J hal): (area, 1 ha) x (10,000 m? ha) x (rainfall, 0.512 m yr?) (density, 1,000 kg m) (Gibbs free energy, 4,740
Jkgt) = 2.43E+10 J ha
4- Rain evapotranspiration energy (J ha): (area, 1 ha) x (10,000 m? ha) x (transpiration, 0.446 m yr) x (density, 1,000 kg m) x (Gibbs free
energy, 4,740 J kg?) = 2.11E+10 J ha*
5- Ground water energy (J hal): (area, 1 ha) x (10,000 m? hat) x (average quantity, 2.73 m® m2) x (conversion, 1000 kg m-%) x (Gibbs free energy,
4,690 J kg?) = 1.28E+11 J ha't
6- Ground water evapotranspiration energy (J ha®): (area, 1 ha) x (10,000 m? ha) x (transpiration, 1.78 m yr?) x (density, 1,000 kg m) x (Gibbs
free energy, 4,740 J kg*) = 8.43E+10 J ha*
7- SOM change: -0.10%
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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 (-0.05%) = -2,100 kg ha™
SOM reduction energy: (-2,100 kg ha, SOM reduction weight) x (5400 kcal kg™) x (4186 J kcal*) =4.75E+10 J ha*

8- Soil erosion (J ha'):

Average soil loss from water erosion calculated by USLE model to be 12.35 tones ha*

Soil erosion = (area, 1 ha) x (soil loss rate, 12.35 tones ha') x (1.0E+06 g tones™?) = 1.23E+07 g ha!

9- Human labor (J ha): (Working hour, 640 h ha™) x (1.96E+06 J h'') = 1.25E+09 J ha*

10- Agricultural Machinery steel (gr ha):

Tractor: (Steel weight, 3.60E+06 g x work hours, 15 h ha™') = 5.40E07 g h ha*

Carrier tractor trail: (Steel weight, 7.50E+05 g x work hours, 4 h hal) = 3.00E06 g h ha*

Moldboard plow: (Steel weight, 7.00E+05 g x work hours, 3 h ha*) = 2.10E06 g h ha*

Disc plow: (Steel weight, 6.00E+05 g x work hours, 0.5 h ha) = 3.00E05 g h ha*

Planter: (Steel weight, 1.00E+06 g x work hours, 2 h hal) = 2,00E06 g h ha*

Harrows: (Steel weight, 6.00E+05 g x work hours, 4 h ha™*) = 2.40E06 g h ha*

Combine harvester: (Steel weight, 4.70E+06 g x work hours, 1.5 h ha'*) = 7.05E06 g h ha!

Assume an economic life of 25 years, yearly work hours 540 h).

Agricultural Machinery (g ha™*) = X (steel x work hours /economic life/yearly work hours) x hours ha® = 8.75E+03 gr ha®
11- Fuel for machinery (J ha*):(average quantity, 248.5 kg ha) x (conversion, 4.67E+07 J kg-1) =1.16E+10 J ha*

12- Electricity (J ha*): (average quantity, 325 kWh ha-1) x (conversion, 3.6E+06 J kWh™) = 1.17E+09 J ha
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