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Introduction

The agricultural sector is the source of major environmental contamination. Recent studies conducted in the US have
shown that the agricultural sector is responsible for 6.4% of greenhouse gas emissions. Because of its closer ties to the
environment than other sectors of the economy, as well as because of the extensive use of chemical fertilizers and other
chemicals like pesticides, agriculture is regarded as one of the major sources of environmental pollution. The extensive
use of chemical pesticides and fertilizers, as well as the absence of suitable and workable techniques for the best
possible use of chemical fertilizers, are the main causes of the pollution produced by agricultural activities. It has been
determined that the energy consumption and greenhouse gas emissions of the food production system vary greatly
between its sectors. Along the production chain, there are good chances to lessen environmental impacts. Food
production requires an understanding of energy consumption and emissions of pollutants. However, there aren't many
publications comparing and analyzing the life cycle assessment of outdoor and greenhouse tomato growing. The
environmental impacts of cultivating tomatoes in two different types of greenhouses and open field cultivation are thus
compared using life cycle assessment (LCA) in Nahavand city in accordance with the significance of LCA evaluation in
this study.

Material and Methods

In Nahavand City, greenhouses and open-field cultivation were used to gather the data required for tomato output in a
single growing season. Information was gathered for this study via questionnaires, interviews, document and library
investigations, and database utilization. The life cycle assessment approach was used in this study to analyze the effect
categories using consumption inputs, such as diesel fuel, nitrogen, potash, and phosphate fertilizers, as well as animal
manures (cow, sheep, and chicken). After sorting and categorizing, the data was entered into the Sima Pro version 9.1
program to assess the environmental effects of tomatoes. The assessments were conducted using the Impact2002
technique, and the results were calculated based on specific units.

Results and Discussion

With a general review of the inputs for the production of tomato products in both open field and greenhouse cultivation,
it can be found that in open field cultivation, nitrogen fertilizer has the largest share on 5 environmental indicators,
including Global warming, Aquatic acidification, Terrestrial acid/nutri, Aquatic ecotoxicity and non-carcinogenic is one
of the most important inputs affecting environmental indicators. To control and reduce the above indicators, it is
possible to reduce them by reducing the use of nitrogen fertilizers. In greenhouse cultivation, Nitrogen fertilizer has had
the largest share on 3 environmental indicators.After nitrogen fertilizer, diesel fuel is another important input in
influencing environmental indicators. In greenhouse cultivation, diesel fuel has the largest share on 4 environmental
indicators, including Aquatic eutrophication, Ozone layer depletion, non-renewable energy and lonizing radiation, and
in open cultivation, it has the largest share on 3 ozone layer environmental indicators. By replacing old tractors with
new tractors, the emission of NOX and SOX pollutants caused by the combustion of diesel fuel can be reduced and the
resulting environmental effects can be reduced. In the other part, the results of the study revealed that the highest
amount of environmental destruction was due to fertilizers and the consumption of diesel fuel for the operation of
machinery, which caused more destruction.

Conclusions

This research was conducted in order to evaluate the life cycle assessment of tomato production in open field and
greenhouse cultivation, using Sima Pro software. The results showed that greenhouse cultivation has more
environmental effects compared to open field cultivation. Nitrogen fertilizer and diesel fuel used in the production
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systems had the greatest impact on the environmental indicators. By replacing old tractors with new tractors, the
emission of NOx and SOx pollutants caused by the combustion of diesel fuel can be reduced and the resulting
environmental effects can be reduced. Also, reducing the use of chemical fertilizers, especially nitrogen fertilizers and
pesticides will improve the environmental effects of tomato production. Improving the environmental performance of
tomato production in open field or replacing it with greenhouse production should be considered.
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Fig. 1. System boundaries of tomato produced in open field and greenhouse

Table 1: Life cycle inventory data for tomato in both Open field and Greenhouse (per one tonne of produced crop)

Inputs Open field Greenhouse
Diesel fuel (L) 3.14 27.46
Electricity (kWh) 172.93 45.69
Pesticides (kg) 0.27 0.12
N-based fertilizers (kg) 10.57 1.52
K-based fertilizers (kg) 0.88 1.21
P-based fertilizers (kg) 0.88 0.53
Farmyard manure (kg) 825.67 236.05
Natural gas (m?) - 46.82
Plastic (kg) 2.96 0.81
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Table 2: The average concentration of the effective substance in chemical fertilizers

Fertilizer type %P,0s %N %K.0
Urea - 45 -
Triple superphosphate 45-46 - -
Potassium sulfate - - 47-50
Cow 1.22 2.95 2.3
Sheep 211 3.46 3.43
Chicken 1.32 3.67 5.4
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Table 3: The emission rate of nitrogen fertilizer pollutant
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Emission Amount (g/MJ)
Volatile organic compounds 0.000045
Ammonia (NHz) 0.000405
Unspecified particles 0.000265
Methane (CHa) 0.000215
Dinitrogen monoxide (N20) 0.0031
Nitrogen oxides (NOXx) 0.00014
Carbon dioxide (CO2) 0.531
Carbon monoxide (CO) 0.000035
Total nitrogen 0.00012
Zinc (Zn) 0.0000005
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Table 4: Emission factors for 1 MJ energy production from diesel fuel based on Ecoinvent

Emission Amount (g/MJ) Emission Amount (g/MJ)
Carbon dioxide (CO>) 74.5 Zinc (Zn) 2.39E-05
Sulfur dioxide (SO3) 2.4E-02 Benzo(a)pyrene 7.16E-07
Methane (CHa) 3.08E-03 Ammonia (NH3) 4.77E-04
Benzene 1.74E-04 Selenium (Se) 2.39E-07
Cadmium (Cd) 2.39E-07 Hydrocarbons 6.80E-02
Chromium (Cr) 1.19E-06 Nitrogen oxides (NOx) 1.06
Copper (Cu) 4.06E-05 Carbon monoxide (CO) 1.50E-01
Dinitrogen monoxide (N.O)  2.86E-03 Particulates (<2.5 mm) 1.07E-01
Nickel (Ni) 1.67E-06
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Table 5: Inputs in open field and greenhouse cultivation per ton of tomato

Inputs Units Open field Greenhouse
Nitrogen fertilizer kg 5 35

Potash fertilizer kg 5 2
Phosphorus fertilizer kg 5 2

Pesticide kg 0.18 0.250
Herbicide kg 0.60 0.250
Fungicide kg 0.44 0.250
Manpower kg 28.22 25.2

Pump H 0.355 0.015
Machinery kg 0.3 0.5
Manure kg 1000 166.7
Amino acid fertilizer kg 0.600 0.500
Sulfur fertilizer kg 20 6.3
Electricity kWh 1021 360

Diesel fuel L 5.04 2.8

Gas m? - 4.7
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Table 6: Comparison of impact categories of the production of one ton of tomato in open field and greenhouse

cultivation

Impact categories Units Open field Greenhouse
Carcinogens C:Hacleq 0.346 1.1
Non-carcinogens C:Hacleq 0.491 0.887
Respiratory inorganics PM2.5 eq 0.0232 0.0305
lonizing radiation C-14 eq 261 341
Ozone layer depletion CFC-11eq 4.52e-6 7.39%-6
Respiratory organics C2H. eq 0.0114 0.0165
Aquatic ecotoxicity TEG water 2.69e3 5.91e3
Terrestrial ecotoxicity TEG soil 513 1.36e3
Terrestrial acid/nutri SOz eq 0.389 0.54
Land occupation Org.arable 0.762 0.799
Agquatic acidification SOz eq 0.161 0.226
Agquatic eutrophication PO4 P-lim 0.00378 0.00512
Global warming CO: eq 94.4 107
Non-renewable energy Primary 673 1.27e3
Mineral extraction CsHacleq 0.875 0.952

Method:INPACT 2002+ 2,75/ PAPACT 2032+ / Charecter zatic
Arwyzng 121 kg nrmato are ope

Llood Nor-tenew Wirwra
AuMbg  abkeneyy  Gipdion

Fig. 2: The role of inputs in the amount of impact categories in open field cultivation
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Table 7: The final categories of the impact groups in the production of tomatoes in open field cultivation

Impact categories

Nitrogen fertilizer

Pump

Diesel fuel Pesticide Machinery Fungicide Herbicide Ami

no acid

Carcinogens 0.0027 0.00489 0.0194 0.207 0.0908 0.00349 0.0036  0.00177
Non-carcinogens 0.201 0.00576 0.0243 0.0667  0.105 0.0121 0.0132  0.000594
Respiratory inorganics ~ 0.00566 8.56e-5 0.0021 0.0453  0.0049 0.00178 0.00244 0.000632
lonizing radiation faleie 0.143 66.23 20.38 8.82 49.2 65.2 3.17
Ozone layer depletion 1.05e-9 3.15e-9  1.92e-6 1.3%-6 1.48e-7 4.44e-7 5.89%-7 2.86e-8
Respiratory organics 0.00108 2.95e-5 0.0019 0.00205 0.00408  0.000244 0.000352 0.000583
Aquatic ecotoxicity 1143.06 93.8 393 383 515 65.9 69.5 1.36
Terrestrial ecotoxicity ~ 1.96 35.4 86.7 98.4 163 12.1 12.2 1.6
Terrestrial acid/nutri 0.104 0.000895 0.0383 0.062 0.0466 0.0398 0.0553  0.0172
Land occupation e 0.00199 0.016 0.0447 0.0423 0.335 0.322
Aquatic acidification 0.0702 0.00023 0.0145 0.0181 0.0144 0.0145 0.0196  0.00507
Aquatic eutrophication ~ 7.35e-5 2.95e-5 0.000805 0.00108 0.000765 0.000263 0.000271 6.96e-5
Global warming 4.66 0.0509 1.42 4.08 3.23 2.76 4 3.43
Non-renewable energy 144 0.551 159 127 34.6 50.7 71.9 85.1
Mineral extraction Fkk 0.0126  0.0147 0.203 0.636 0.000409 0.000546 0.000778

100

. ]

Respiratory
inorganics

30
20
10

Carcinogen  Non-carcin
s ogens

@ tomato and greenhouse

@ Dummy_PotashFertilizer (K20, at plant/Us
B Steslremoved by drilling, conventional {GLO] market for | APOS, U

lonizing
radiation

Czone laye
rdepletion

W Agricultural machinery, tillage {GLCH market for | APOS, U

Method: IMPACT 2002+ V2.15 / IMPACT 2002+ /Characterization

Analyzing 1E3 kg ‘tomato and greenhouse’:

Respiratory Aquatic Terrestrial Terrestrial  land occup  Aquaticac  Aquatic eut Global
organics ecotoxicity  ecotoxicity acid/nutri ation dification  rophication warming

[@ Nitrogenfertilizer, production mix, at plant/Us

[0 Dummy_Phosphorous Fertilizer (TSP as P205), at plant/Us

[ Diesel {GLO} market group for | APCS, U

[ Pesticide, unspecified {GLOY dichloropropene to generic market for | APOS, U

Fig. 3: The role of inputs in the amount of impact categories in greenhouse cultivation

Table 8: The final categories of the impact groups in the production of tomatoes in greenhouse cultivation

Non-renew
able energy

. Nitrogen Diesel - . - - Amino Natural
Impact categories fertilizer Pump fuel Pesticide  Machinery Fungicide Herbicide acid gas
Carcinogens 0.00385  0.116 0.035  0.213 0.0545  0.000838 0.00633 0.00561 0.632
Non-carcinogens  0.288 0.136 0.0437 0.0686  0.0632  0.0029 0.0232 0.00189 0.111
ﬁ%ﬁ%‘;ﬁ}ggy 000808  0.0019 000387 0.00466 0.00294 0.00042  0.00429 000201 0001
lonizing radiation 3.40 119 20.96 5.29 11.8 115 10.1 2.28
Ozone layer 151e-9  7.46e-8 3.45¢-6 143¢-6 887e-8 1.07e-7  1.04e-6 9.09¢-8 1.1e-6
depletion
(Fffgsgr:irg;"ry 000154  0.00699 000341 0.00211 0.00245 5.87e-5  0.00062 0o.oo1g5 00026
Aquatic 463.55
ecotoxicity 1.63e3 2223 707 394 309 15.8 122 4.32
Terrestrial 2.81 837 156 101 97.8 2.9 215 5.07 28.01
ecotoxu:ny
Terrestrial 0.021

. . 0.149 0.0212  0.0689 0.0638  0.0279  0.00955  0.0973 0.0545

acid/nutri
Land occupation  #s# 0.047 0.0288  0.046 0.0254  0.0805 0.566 ok 0.0035

1y

Mineral
extraction
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Aquatic

acidification 0.1 0.00544 0.0261  0.186
Aquatic

eutrophication 0.000105  0.0007 0.00145 0.00111
Global warming  6.66 1.21 2.55 4.2
Non-renewable 13 287.00 130
energy

Mineral extraction s 0.298 0.0264  0.209

0.00865 0.00348  0.0345 0.0161 0.008
0.000459 6.3le-5  0.00047 0.000221 888D
1.94 0.662 7.05 10.9 12

208 122 127 270 204.9
0.382 9.83e-5  0.000963  0.0027 0.013
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Fig. 4: Comparing impact categories of open field and greenhouse cultivation in tomato production
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