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Article Info ABSTRACT
Article type: Background and Objectives: Energy is a limiting factor for
Research Full Paper agricultural sustainability due to costs and supply security.

Agriculture section as one of the world's major food suppliers, has
faced challenges in recent times due to increased energy consumption
trends. This rise in energy consumption has led to increased
o production costs, negative impacts on food security, and

égé::i'\fegfsztg%:_g_ll environmental concerns. Therefore, achieving a balance between

Accepted: 2024-1-19 energy demand and supply in agricultural systems and assessing their
economic performance is essential. With the recognition that soybean
[Glycine max (L.) Merril] plays a crucial role in ensuring food
security. A study was conducted in 2019 to analyze the energy flow
and economic costs of soybean production at the provincial level in

Keywords: Mazandaran, Iran.

Energy efficiency

Economic productivity Materials and Methods: To assess the economic efficiency and

Non-renewable energy : :

Nitrous oxide (N:O) energy consumption pattern in soybean farms, data were collected

Social cost of emissions  through direct interviews with 301 soybean farmers. The inputs used
for estimating energy efficiency per hectare of soybean cultivation
included fossil fuels, machinery, human labor, seeds, irrigation water,
electricity, fertilizers, and chemical pesticides. The produced soybean
grain was also considered as an output energy source. Life Cycle
Cost (LCC) methodology was employed to evaluate the economic
efficiency of soybean production; for this purpose, the farm gate was
defined as the system boundary, and one hectare of soybean farm was
taken as the base unit for all analyses. The social costs of emissions,
in addition to the fixed and variable production costs that are
addressed in most studies, were evaluated and analyzed. In the
current study, the social costs of pollutant emissions in soybean
production agroecosystems were considered from two aspects: (1)
emissions on the farm and (2) pollutants generated from electricity
generation. These costs were estimated using the standard
coefficients established in previous research.
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Results: Based on the results, diesel fuel, nitrogen chemical
fertilizers, and consumed seeds had the highest shares of total input
energy in soybean production with 47.90%, 19.61%, and 13.53%
respectively. The average energy productivity for soybean production
in Mazandaran province was calculated to be 0.16 kg MJ™. From this
point of view, Galugah county was the best with 0.25 kg MJ™, while
Amol was the worst with 0.11 kg MJ™ compared to other cities under
investigation. In terms of the type of consumed energy, the results
indicated that the current soybean production in Mazandaran
province is not sustainable due to heavy reliance on non-renewable
energy resources such as diesel fuel and nitrogen chemical fertilizers.
The LCC of soybean production in Mazandaran province, including
variable, fixed, and social costs resulting from emissions, was
estimated to be an average of $327.90 per hectare. Among these
costs, variable costs accounted for the highest share in soybean
production in the region with $299.52 per hectare (approximately
91%). The average wage paid to owners of agricultural machinery
and equipment was $141.85 per hectare (equivalent to 47.36%), and
the average wage for human labor was $85.77 per hectare (equivalent
to 28.64%). These two factors were the first and second most
significant contributors to production costs for the soybean crop,
respectively. Together, they accounted for approximately 69% of the
total production cost (LCC). Carbon dioxide emissions, accounting
for 41.16% (mainly due to diesel fuel combustion and urea fertilizer
consumption on the farm), constituted a significant portion of the
social cost resulting from emissions (at $7.38 per ton).

Conclusion: In general, the results of the survey of 301 farms
indicated that soybean production in Mazandaran province, with an
average energy efficiency of 2.43, is economically justifiable in terms
of energy balance and constitutes a profitable agricultural product in
the region, with a profit-to-cost ratio of 1.86.
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Table 1. Coefficients related to on-farm emissions caused by inputs used in soybean production in Mazandaran
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Figure 2. The average share of each input to the total input energy in soybean
production in Mazandaran province
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Table 2- Inputs and output energies in soybean production fields in Mazandaran province

s L,y
Inputs/ Output

()LLQ&:) Cla.u .1>1_5 BE Jﬁu

Average per unit area (ha)

U 2 I35 (5551 olas
Energy equivalent (MJ hat)

s,y (A
A). Inputs
(e S 58) s s )
1. Soybean seed (kg)
(cell) Sl 5,8 Y
2. Human labor (h)
2
Male
5
Female
(p S 55) DUl opile 5 sl ¥
3. Machinery (kg)
S g
4. Fuel
) Jps
Diesel (L)

(p S AS) Laois 0y,
Lubricants (kg)
(CONS
Petrol (L)

) e o8
Kerosene (L)
(Cele il slS) ars SN0
5. Electricity (kWh)
(¢ SAS) slasd psame 1
6. Biocides (kg)

s S 2
Insecticides
b Sz 6
Fungicides

67.82 £20.21

30.46 £ 37.83

74.62 £ 89.50

8.41+3.96

130.02 +71.71

2.75+£2.09

1.05+7.00

4.14 £26.95

18.46 + 110.87

0.42+0.77

0.008 £0.10

2068.55

59.71

117.16

1200.00

7321.49

110.50

48.88

191.21

220.18

4221

1.70

o iScile
Herbicides
bat glaz S
7. Chemical fertilizers
(N ¢S 5k8) 035 23
Nitrogen (kg N)
(P20sp S 5kS) jind
Phosphorus (kg P,Os)
(KO ¢S AS) ol
Potassium (kg K;0)
S ¢ SAS) s s
Sulfur (kg S)
(J..) s ssS A
8. Manure (ton)
(oo 20) okl ol A
9. Water for irrigation (m?3)
(¢S 5k8) Al 1
10. Polyethylene (kg)
o (o
B). Output
(¢SS by wls
Soybean grain (kg)

0.385+0.63

45.32 +37.98

27.04 £ 28.66

14.01 £ 23.27

18.29 £+ 33.57

0.10+1.00

251.79 £ 645.84

0.29+1.09

2464.97 £ 952.43

91.59

2997.18

336.35

156.26

20.49

30.62

256.83

13.50

37097.80
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Figure 3, The average total input energy and the share of different inputs in soybean production agroecosystems of
different counties in Mazandaran province
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Table 3. Energy indices and contribution of different energy forms for soybean production in the fields of

Mazandaran province

SiA sleadd s a1 oSSk
Energy parameters Unit Average
50 Ao s K
83508 -d)f 50 S Jss 15284.42
Total input energy MJ hat
L85 BV LS, Js5Ka
oA S5 S s 5 s 37097 80
Total output energy MJ hat
S5 S /S ) 243
Energy use efficiency
o Szt I3 PSS 016
Energy productivity kg MJ*
o5 835 ¢SS 2 a3 6.20
Specific energy MJ kgt
550 Al 6s 553 LS 5 Js58a
S3A A 02 SRR 21813.38
Net energy MJ hat
&35 ool s i 1.43
Energy profitability '
&)JJ;:),.J )UzﬂJ}jLi.a 46,61
Energy intensiveness MJ $1 '
s 3S 5 ol Sl Gl o o pdidas 655 A I3 2532 87
Renewable energy: Seed, Human labor, Irrigation water and Manure MJ hat
£ 3o abond (SlassS s Sl b an o s AU e (65
Ak 5 Wil s Sl o SR 1275155
Non-renewable energy: Fossil fuels, electricity, Chemical fertilizers, MJ hat
Biocides, Machinary and Polyethylene
Lol ST s Sl (5,00 et S At s s (S5 e
Sowl <l & S w)‘ﬁ SR SR s s S JEN M Js5&a 8325.98
Direct energy: Fossil fuels, electricity, Human labor and Irrigation MJ hatt :
water
5 lgslpls 35S ¢ plan p o (sbens slas S o r:.w):.o S5
I 5 U a2 da3ts 6958.44
MJ hat

Indirect energy: Seed, Chemical fertilizers, Biocides, Manure,
Machinary and Polyethylene
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Figure 4. Profitability values and efficiency of energy use for soybean production in farms located in different
counties of Mazandaran province
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Figure 5. Values of energy productivity for soybean production in farms located in different
counties of Mazandaran province
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Figure 6. Values of specific energy for soybean production in farms located in different
counties of Mazandaran province
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Figure 7. Values of energy intensiveness for soybean production in farms located in
different counties of Mazandaran province
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Figure 8. Contribution of different forms of energy for soybeans production in different
counties of Mazandaran province
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Table 4. The results related to the social costs of emissions caused by the production of one ton of soybeans in
Mazandaran province
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Figure 9- Social costs of emissions caused by the production of one ton of soybeans
in different counties of Mazandaran province
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Figure 10- Gross value of soybean production in different counties of Mazandaran province
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Table 5. Economic analysis of soybean production in Mazandaran province
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Figure 11. The total cost of soybean production in different counties of Mazandaran province
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Figure 12- Values of net and gross profits of soybean production in different counties of Mazandaran province
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Figure 13. Productivity values and the ratio of benefit to cost of soybean production in different counties of
Mazandaran province
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