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Introduction

Today, agricultural systems are considered the center and main axis of all activities related to the
development of sustainable agriculture in Iran. Obviously, the more efforts to expand the sustainability of the
exploitation systems of the regions, the better the situation will be in terms of reducing energy loss and
production costs, increasing performance and conserving resources, and preventing waste. From an ecological
point of view, the per capita consumption of energy and materials used in agriculture has increased faster than
population growth, so the continuation of this process endangers the health, sustainability, and well-being of
society and causes the destruction of ecological resources. For this reason, any exploitation of nature should be
done after evaluating the resources and within the capabilities and capacities of the environment. Recognizing
the problems and bottlenecks of the specialized tobacco (Nicotiana tabacum) cultivation system in Golestan
province and formulating appropriate solutions to solve the environmental problems of tobacco cultivation, is of
great importance in the sustainable development of this product. Ecological footprint is a valid indicator for
assessing the sustainability of agricultural products. This index makes it possible to calculate the amount of
pressure that humans exert on the environment to produce crops. Therefore, this study aims to study the
environmental impacts of tobacco cultivation due to the importance of environment and sustainable agriculture.

Materials and Methods

In this study, the environmental sustainability of two types of greenhouse tobacco (Virginia) and dry shade
(Barley) was evaluated. The statistical population of this research is tobacco growers, Flue-Cured tobacco, and
Air-Cured tobacco in Golestan province. The statistical sample size was estimated to be about 160 people using
Cochran's formula. The data collection tool was a questionnaire that was randomly distributed and completed
among 100 Flue-Cured tobacco farmers and 60 Air-Cured tobacco farmers in 2019. To assess the environmental
effects, the ecological footprint index was used. For this purpose, the ecological footprint was calculated based
on the type of field operations in two parts: direct and indirect footprint.

Results and Discussion

The results of the study indicated that the total energy consumption for the production of Air-Cured tobacco
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was 97327 MJ/ha. Electricity, with 44.72%, had the largest share in energy consumption, followed by nitrogen
with 16.69% and diesel with 16.61%. The total energy consumed to produce one hectare of Flue-Cured tobacco
was 73,184 MJ; electricity has the largest share, followed by diesel. Indirect ecological footprints were
calculated for Flue-Cured tobacco and Air-Cured tobacco at 1.16 and 1.54 gha, respectively. In Air-cured
tobacco, Electricity with 38.19%, nitrogen fertilizer at 18.67%, and diesel with 18.58% have the greatest impact
on ecological footprint. The results show the total ecological footprint (direct and indirect) of Air-Cured tobacco
(4.05) and Flue-Cured tobacco (3.67) equivalent to the global hectare (gha). The results of ecological footprint
studies in both types of tobacco indicate that the highest environmental impact from crop production is related to
electricity input. In the Flue-Cured production process, the electricity consumption is related to the water pump
(electric wells) and the greenhouse (fan for ventilation), but in the Air-Cured tobacco, it is only related to the
water pump consumption.
Conclusion

Sustainability indicators are a tool that can be used to raise the awareness of tobacco growers about the
environmental effects of their actions. According to the results of this study, the use of electricity, water,
fertilizer, and diesel inputs has the greatest impact on ecological instability, so proper management of the use of
these inputs is a necessity, such as the use of appropriate technologies, fertilizer use according to plant needs.
Reducing the intensity of tillage by using appropriate machinery and paying attention to climatic conditions, as
well as increasing the awareness of tobacco growers with the help of educational-promotional activities, can be
effective in reducing the consumption of inputs and optimal use.

Keywords: Environmental Impacts, Tobacco, Ecological Capacity, Sustainable Agriculture, Energy
Evaluation
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1- Ecological footprint
2- Global hectare approach
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Table 1- Equivalence factor for different land uses

o S EP (e S8 /,L58) Jolee cuy po
Type of land use Equivalence factor (Gha.ha?)
5 s 251
Croplands
&l 0.46
Rangelands
S 1.26
Forests
_ ENP AT 0.37
Fishery ground
el Cue 251
Built up lands

(Gonzélez-Vallejo et al., 2015)
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Table 2- Emission factor(E) and Energy Productivity(EP)

55 @l
Energy sources

E (kg Coal.GJY) EP (GJ.hal.year?)

Sew Jleg
Coal

Oil

b S8 30.15

Natural gas
LSlM
Nuclear
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Table 3- Energy equivalent of inputs and outputs

9 Ws39)9
MJ) g5 Jolo .
539, gyt sl (M) 5351 J &he
; Energy equivalent
Inputs Inputs and Unit (MJ) References
Outputs
Sl g5
Human labor Hour 1.96 . . .
S0 (Khanali et al., 2021; Nabavi-Pelesaraei et al., 2021;
Zangeneh et al., 2010
Man Hour 157 g )
o)
Woman
> kg 25 (Baran & Gokdogan, 2015)
Seed
Vel Hour 62.7 (Cebi et al., 2019)
Machinary
059y 268 kg 66.14 (Khanali et al., 2021; Yuan et al., 2018; Nabavi-Pelesaraei
N-fertilizer et al., 2021)
JERN K 12 44 (Khanali et al., 2021; Zangeneh et al., 2010;
P-fertilizer g ' Nabavi-Pelesaraei et al., 2021)
‘“”b"_)_’f kg 11.15 (Khanali et al., 2021; Nabavi-Pelesaraei et al., 2021)
K-fertilizer
éf’j’jlsl Liter 56.31 (Yuan et al., 2018; Nabavi-Pelesaraei et al., 2021)
iese
L'j)-g _ kwh 11.93 (Khanali et al., 2021; Nabavi-Pelesaraei et al., 2021; Yuan
Electricity etal., 2018)
ol Cubic . . .
1.02 (Nabavi-Pelesaraei et al., 2017; Yuan et al., 2018)
Water meters
“‘sul; kg 238 (Zangeneh et al., 2010; Yuan et al., 2018)
Herbicide
““ﬁ’“} kg 101.2 (Naderi et al., 2019; Yuan et al., 2018)
Insecticide
oS, kg 216 (Zangeneh et al., 2010; Naderi et al., 2019; Yuan et al.,
Fungicides 2018)
Sk kg 90 (Heidari & Omid, 2011; Shamsabadi et al., 2017)
Plastic
RS e S o5 (Ozkan et al., 2004; Loghmanpour-zarini & Abedi-
(5,5Los) Flue-cured kg 0.8 firouzjaee, 2013)
tobacco '
Output Sidals gy kg 08 (Ozkan et al., 2004; Loghmanpour-zarini & Abedi-
(Yield) Air-cured tobacco ' Firouzjaee, 2013)
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Table 4- Inputs consumption and Energy equivalent in air-cured tobacco cultivation

oy sy obe 37 o yd 4,
51 ) (MJ) g
Unit Value Percent Rank
Energy(MJ)
» kg 0.15 3.75 0.0038 14
Seed
, Cacla
> hour 722.96 1417 1.45 10
Man
5 Giele 1126.88 1769.2 1.81 9
Woman hour
YT s e la
Vlowile = 38.28 2399.52 2.46 6
Machinary hour
09 395 kg 2457 16250.59 16.69 2
N-fertilizer
b 255 kg 157 1953.08 2,01 7
P-fertilizer
o 355 kg 217 241959 248 5
K-fertilizer
Herbicide kg 3.06 728.28 0.74 11
HSel kg 3.35 7236 0.74 12
Fungicides
S opis kg 3.64 368.36 0.37 13
Secticide
Jf'jjjls | 287.1 16166.4 16.61 3
Diesel
‘”’ . kwh 3648.82 43530.42 44.72 1
Electricity
ol
: 3
Water m 7496.66 7646.6 7.85 4
Sz kg 21.68 1951.2 2.00 8
Plastic
& 97327.75 100
Total

1- Energy(Megajoule)
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Table S- Inputs consumption and Energy equivalent in flue-cured tobacco cultivation

5 3 .
s g SF ey
Unit  Value Energy(MJ) Percent Rank
” kg 0.15 3.75 0005 14
Seed
S bl 50 hour 66336  1241.38 1.69 10
Human labor-man
05~ o hour 1071.28 1681.9 2.29 8
Human labor-woman
eVlopile hour 356 2232.12 3.04 6
Machinary
Gigfs 255 kg 93 6151.02 8.40 4
N-fertilizer
s 295 kg 137 1704.28 232 7
P-fertilizer
o 25 kg 202 2252.3 3.07 5
K-fertilizer
Fungicides g 4.11 887.76 1.21 11
oSy kg 282 285.38 038 13
Secticide
S ile kg 2.9 690.2 0.942 12
Herbicide
S5 | 267 15044.77 20.55 2
Diesel
or kwh 2783 33201.19 45.36 1
Electricity
<! md  6229.44 6354.02 8.68 3
Water
Sl kg 16.16 1454.4 1.98 9
Plastic
e 73184.47 100
Total
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Table 6- Indirect ecological footprintand energy consumption in cultivating one hectare of air-cured tobacco

o3l 32 ESSEEILTS oy
Input Energy (Mj) EF (gha) Percent
Y
3.75 0.00 0.00
Seed
N 9 3186.2 0.06 3.66
Human labor
QYTML‘,
. 2399.52 0.04 2.76
Machinary
0is 258 16250.59 0.29 18.67
N-fertilizer
s 258 1953.08 0.03 2.24
P-fertilizer
ol 258 2419.55 0.04 278
K-fertilizer
oo pome 1820.26 0.03 2,09
Chemical pesticides
53 16166.6 0.29 18.58
Diesel
o 43530.42 0.59 38.19
Electricity
ol
j 7646.6 0.14 8.79
Water
Stk 19512 0.03 2.24
Plastic
e 97327.75 1.54 100

Total
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Table 7- Indirect ecological footprint and energy consumption in cultivating hectare of flue-cured

o3l S5 L, o3
Input Energy (Mj) EF (gha) Percent
e
v . .
Seed 3.75 0.00 0.00
S sox 2329.28 0.05 4.47
Human labor
=Ylosdle 2232.12 0.04 3.42
Machinary
o 365
N-fertilizer 6151.02 0.11 9.42
s 255 1704.28 0.03 2.61
P-fertilizer
ool 358
K-fertilizer 2252.30 0.04 3.45
Chemical pesticides 1863.34 003 285
S 15044.77 0.27 23.03
Diesel
“B’f . 33201.19 0.45 38.80
Electricity
ol
j 4.02 A1 g
Water 6354.0 0 9.73
Sl 1454.40 0.03 2.23
Plastic
e 73184.47 1.16 100
Total
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