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Introduction

The production of fresh vegetables like cucumbers, especially in regions with climatic constraints during certain
seasons, plays a crucial role in food security, nutritional health, and the agricultural economy. In Iran and many
temperate or cold climate areas, the use of greenhouse systems has been increasing as a method for off-season
production with high yield. However, productivity should not be the sole criterion for selecting a cultivation method, as
energy, water, fertilizer, plastic, and other inputs in greenhouses can lead to significant environmental impacts if not
managed properly. Therefore, a comprehensive environmental assessment of the cucumber production chain, from input
supply to harvesting and packaging, is essential for sustainable production decision-making.

Material and Methods

This study investigates the environmental impacts of cucumber cultivation using two agricultural systems: greenhouse
and open-field, through a Life Cycle Assessment (LCA) approach. The research was conducted in the Hamedan-Bahar
plain, utilizing local field data. The study area spans 2,459 square kilometers, with approximately 32,100 hectares
dedicated to irrigated agriculture. Data were gathered through surveys and interviews with local farmers, and relevant
literature was reviewed to support the research. LCA methodology was employed to model the environmental effects of
cucumber production from raw material extraction to waste management, using the SIMAPRO software. The impacts of
various inputs, such as chemical fertilizers, energy, pesticides, and fuel consumption, were calculated, and the
environmental effects were assessed based on global warming potential (GWP), ozone depletion, and other
environmental indicators.

Results and Discussion

The results of the study revealed significant differences in the resource consumption and environmental impacts
between the greenhouse and open-field cucumber cultivation systems. Specifically, greenhouse cultivation exhibited
higher consumption of inputs such as electricity (1072.2 kWh per ton in greenhouses vs. 320 kWh in open fields) and
diesel fuel (1.63 liters per ton in greenhouses vs. 2.9 liters in open fields). Additionally, nitrogen fertilizer use in
greenhouses was higher (6 kg per ton in greenhouses vs. 3 kg in open fields), as well as manure consumption (900 kg
per ton in greenhouses vs. 154 kg in open fields). From an environmental perspective, greenhouse cultivation showed a
significantly higher impact in various categories. For example, the global warming potential (GWP) for one ton of
cucumbers was 111 grams of CO: equivalent in greenhouses, compared to only 95.1 grams of CO: equivalent in open-
field cultivation. Greenhouses also exhibited higher contributions to ozone layer depletion and other environmental
indicators. The findings indicate that while greenhouse cultivation provides better control over environmental
conditions and higher yields, it leads to greater environmental burdens due to higher energy and chemical inputs. In
contrast, open-field cultivation, though less efficient in terms of yield, results in lower environmental impacts,
particularly in terms of energy consumption and fertilizer use. The study emphasizes the importance of renewable
energy sources, such as solar energy, to reduce the environmental footprint of greenhouse systems and suggests
improving resource efficiency in both cultivation methods to achieve sustainable agricultural practices
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Conclusions

The study concludes that greenhouse cucumber cultivation, while more productive, has higher environmental impacts
compared to open-field cultivation. This difference is primarily due to the increased consumption of energy, fertilizers,
and other inputs in the greenhouse system. Specifically, greenhouse cultivation showed significantly higher
consumption of electricity, nitrogen fertilizers, and manure, which contributed to greater environmental impacts such as
global warming potential and ozone depletion. However, open-field cultivation, although requiring fewer inputs, results
in lower environmental impacts but offers lower yields. The study emphasizes the need for optimizing energy
consumption and reducing chemical inputs in greenhouse systems to mitigate their environmental footprint. The
adoption of renewable energy sources, such as solar power, is recommended to make greenhouse farming more
sustainable. Furthermore, a balanced approach combining both greenhouse and open-field cultivation, along with the
use of clean energy technologies, is essential for achieving sustainable agricultural practices in the region.
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Table 1: Life cycle inventory data for cucumber in both Open field and Greenhouse (per one tonne of produced crop)

Inputs Open field Greenhouse
Diesel fuel (L) 2.9 5.08
Electricity (kWh) 320 1072.2
Pesticides (kg) 0.25 0.44
N-based fertilizers (kg) 3 6

K-based fertilizers (kg) 2.5 8

P-based fertilizers (kg) 2.2 6

Farmyard manure (kg) 154 900
Natural gas (m?) - 215

Plastic (kg) 0.01 0.78
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Table 2: Inputs in open field and greenhouse cultivation per ton of cucumber

Inputs Units Open field Greenhouse
Nitrogen fertilizer kg 3 6
Potash fertilizer kg 2.5 8
Phosphorus fertilizer kg 2.2 6
Pesticide kg 0.25 0.44
Herbicide kg 0.3 0.45
Fungicide kg 0.2 0.35
Manpower kg 26.18 23.8
Pump H 0.015 0.015
Machinery kg 0.35 4
Manure kg 154 900
Amino acid fertilizer kg 1 0.7
Sulfur fertilizer kg 25 8.2
Electricity kwh 320 1072.2
Diesel fuel L 2.9 1.63
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Table 3: Comparison of impact categories of the production of one ton of cucumber in open field and greenhouse

cultivation

Impact categories Units Open field Greenhouse
Carcinogens C2H. cl eq 0.259 1.07
Non-carcinogens C2H. cl eq 0.413 0.836
Respiratory inorganics PM2.5 eq 0.019 0.0313
lonizing radiation C-14 eq 245.39 338.6
Ozone layer depletion CFC-11eq 4.18e-6 7.4e-6
Respiratory organics C2Hs eq 0.0094 0.0172
Agquatic ecotoxicity TEG water 2278.71 4263.16
Terrestrial ecotoxicity TEG soil 439.6 595.54
Terrestrial acid/nutri SOz eq 0.351 0.566
Land occupation Org.arable 0.734 0.762
Agquatic acidification SOz eq 0.143 0.245
Agquatic eutrophication PO4 P-lim 0.00325 0.00463
Global warming CO: eq 95.1 111
Non-renewable energy Primary 605.5 1316.7
Mineral extraction CoH. cl eqg 0.626 0.795
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