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Industrial agricultural production cannot meet the food needs of the country's people
without the consumption of inputs. On the other hand, excessive consumption of inputs
for the production of most crops has destructive environmental effects. To optimize the
consumption of inputs, high-consumption inputs must first be identified. In this study,
with the aim of identifying the effective inputs on the energy and environmental indicators
in the two plants grain corn and sweet corn in Karaj city, the requisite information was
collected from the research farm system and farmers' farms in the region in 2021. This
study was examined based on life cycle assessment and the ReCiPe 2016 method. The
results of comparing grain and sweet corn cultivation systems showed that the energy
input in grain corn was 30,029 megajoules per hectare and in sweet corn was 28,951
megajoules. The energy output of sweet corn (446,600 megajoules) was about 213%
higher than that of grain corn (142,590 megajoules). The energy efficiency index of sweet
corn was 0.76 and that of grain corn was 0.32 kg/megajoule. In terms of the environment,
grain corn contributed more to air pollution (61.8%), while sweet corn, with its higher
share of water pollution (57%) and soil pollution (67.9%), posed more challenges in these
sectors. A review of the input consumption showed that chemical fertilizers (nitrogen,
phosphorus, and potassium) and diesel fuel contributed the most to pollutant emissions.
In general, to sustainably increase corn production, based on the results, it is necessary to
optimize the use of chemical fertilizers and diesel fuel in order to reduce pollutants.
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Introduction

The environment and agriculture are intricately interconnected due to their dependence on
natural resources and processes. Therefore, agricultural activities can have both positive and
negative impacts on the environment. Negative impacts include excessive use of agricultural
chemicals, fertilizers, and non-renewable energy sources, land grabbing, destruction of wildlife
habitats, and reduced ecosystem diversity (Jalilian et al., 2023). Increasing energy efficiency
and managing energy resources optimally is a key strategy for reducing the adverse
environmental impacts associated with energy consumption in food production processes. Life
cycle assessment (LCA) method has been widely used in research to determine the level of
pollution of a crop, including air, soil, and water pollution (Mostashari-Rad et al., 2021b).
Therefore, given the importance of grain and fodder corn as food and livestock consumption in
the country, as well as examining and comparing the environmental and energy impacts of
producing these crops, the present study conducted with the aim of evaluating the
environmental and energy production indices of these two summer crops in the climatic
conditions of Karaj.

Method

Data for the analysis collected from both research farms and farmers' fields in the region. The analysis
performed using LCA and the ReCiPe 2016 method, which helps to assess the environmental impacts
of agricultural systems by evaluating inputs and outputs across their entire life cycle. This study
conducted at the Educational-Research Farm of the College of Agriculture and Natural Resources,
University of Tehran (Karaj), in 2021. The geographical coordinates of the farm are 51 degrees’ east
longitude, 35 degrees and 48 minutes’ north latitude, with an elevation of 1321 meters above sea level.
According to the meteorological station report, the region has a cold and dry climate, with an average
annual precipitation of approximately 250 millimeters over the past 30 years. The experimental design
carried out on a farm that served as a control, reflecting regional cropping patterns and agricultural
management practices prevalent in the area. Two types of corn, i.e. grain corn (cultivar 704) and sweet
corn (cultivar Super Sweet Magroot)—planted over a 1000 square meter area. All planting, maintenance,
and harvesting operations followed local practices. Fertilization rates for grain corn included 500 kg/ha
of urea, 150 kg/ha of triple superphosphate, and 130 kg/ha of potassium. On the other hand, fodder corn
received 400 kg/ha of urea, 200 kg/ha of triple superphosphate, and 150 kg/ha of potassium. The crops
were planted at a density of 75,000 plants per hectare.

Results

The results revealed that the energy input for grain corn was 30,029 MJ/ha, while the energy input for
sweet corn was slightly lower at 28,951 MJ/ha. Regarding energy output, sweet corn produced 446,600
MJ/ha, which was approximately 213% higher than the 142,590 MJ/ha observed for grain corn. This
indicates a significantly higher energy output for sweet corn, which, when combined with its energy
efficiency index of 0.76, compared to 0.32 for grain corn, illustrates that sweet corn is more energy-
efficient than grain corn. Grain corn, however, contributed more significantly to air pollution,
accounting for 61.8% of the environmental impact, as well as resource consumption. On the other hand,
sweet corn posed greater environmental challenges related to water use (57%) and soil degradation
(67.9%) due to its higher consumption of manure, phosphorus, and micronutrients. The environmental
assessment of input usage highlighted that chemical fertilizers and diesel fuel had the highest
contributions to pollutant emissions in both systems, with sweet corn farming also resulting in a higher
human health damage index compared to grain corn. This higher damage index in sweet corn farming
is attributed to the nature of the inputs used, including fertilizers and fuel, which are associated with
significant environmental and health impacts.
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Conclusions

The study emphasizes the importance of adopting more sustainable agricultural practices. The need for
optimizing the use of chemical fertilizers and reducing diesel fuel consumption is crucial in mitigating
environmental pollutants and ensuring the sustainability of agricultural production systems. By
minimizing reliance on high-emission inputs, the environmental impacts of both grain corn and sweet
corn farming could be substantially reduced. Furthermore, further research into alternative practices and
technologies could enhance the sustainability of corn production systems, paving the way for eco-
friendlier agricultural practices that meet food production needs without compromising environmental
health. Ultimately, the findings highlight the necessity for farmers and policymakers to focus on more
sustainable management strategies, not only to optimize input usage but also to balance agricultural
productivity with environmental preservation. Reducing environmental pollution from agricultural
activities and enhancing resource efficiency will be key factors in achieving long-term sustainability for
corn farming and other similar agricultural systems. Future studies could explore the use of precision
agriculture, organic farming methods, and innovative fertilization techniques to further improve
sustainability and reduce the negative environmental footprint of agricultural systems.
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Table 1- Inputs used in the cultivation of corn grain and Sweet corn per hectare

Inputs Unit Grain Corn Sweet Corn

Human labor hha! 360 420
Machinery h ha 9.4 6.4
Diesel fuel L ha't 140 90
Nitrogen kg hat 230 184
Phosphate kg hat 70 92
Potassium kg hat 65 75
Micronutrients kg hat 8 20

Manure kg hat 6000 16000

Chemical biocides L ha't 5 5

Seed kg hat 25 25

Output kg hat 9700 22000

O D53 5 Sl D)3 CiST )0 (29,5 9 (6999 654wl o -V Jgo
Table 2- Coefficients of energy input and output in corn grain and Sweet corn cultivation

Inputs and Unit Coefficient equivalent (MJ unit™) Reference
Outputs
Inputs
Human labor h 1.96 (Kaab et al., 2019)
Machinery h 62.70 (Ghasemi-Maobtaker et al., 2020)
Diesel fuel L 56.31 (Nabavi-Pelesaraei et al., 2018)
Nitrogen kg 66.14 (Nabavi-Pelesaraei et al., 2018)
Phosphate kg 12.44 (Nabavi-Pelesaraei et al., 2018)
Potassium (K20) kg 11.15 (Nabavi-Pelesaraei et al., 2018)
Micronutrients kg 120 (Hesampour et al., 2022)
Manure kg 0.30 (Tuti etal., 2012)
Herbicide kg 238 (Kaab et al., 2019)
Insecticide kg 101 (Ozkan et al., 2004)
Grain Maize Seed kg 14.7 (Zahedi et al., 2015)
Sweet corn Seed kg 15.7 (Mohammadzadeh et al., 2018)
Outputs
Grain Seed kg 14.7 (Mohammadzadeh et al., 2018)
Sweet corn kg 20.03 (Kokten et al., 2018)
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Table 3- The amount of energy input and output for the cultivation of corn grain and Sweet corn per hectare

Inouts Grain Energy Input Share Sweet corn Energy Input Share
P (MJ/ha) (%) (MJ/ha) (%)
Human labor 705.6 2.34% 823.2 2.84%
Machinery 589.38 1.96% 401.28 1.38%
Diesel fuel 7883.4 26.25% 5067.90 17.50%
Chemical fertilizers 17767.75 16550.49
Nitrogen 15212.2 12169.76
Phosphate 870.8 59.16% 1144.48 57.16%
Potassium (K;0) 724.75 836.25
Micronutrients 960 2400
Manure 1800 5.99% 4800 16.59%
Chemical biocides 916 916
Herbicide 714 3.05% 714 3.16%
Insecticide 202 202
Seed 367.5 1.25% 392.5 1.37%
Inputs Energy 30029.63 100% 28951.37 100%
Output Energy 142590 446600
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Table 4- Calculated energy indices for corn grain and Sweet corn cultivation

Index Unit Grain corn Sweet corn
Energy Ratio Ratio 4.75 15.43
Energy Productivity kg MJ? 0.32 0.76
Specific Energy MJ kg 3.10 1.32
Net Energy Gain MJ hat 112560.37 417648.63
Direct energy MJ hat 8589 5891.10

Indirect energy MJ hat 21440.63 23060.27
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Renewable energy MJ ha?t 1073.1 1215.70
Non-renewable energy MJ ha? 28956.53 27735.67
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Table 5- Emissions from Grain and Sweet Corn Production to Air, Water, and Soil

Emissions to Air Unit Grain Sweet corn
Carbon dioxide (COy) kg hat 1.21E+03 9.12E+02
Nitrogen oxides (NOy) kg hat 9.41E+00 5.76E+00
Carbon monoxide (CO) kg ha 1.18E+00 6.54E-01
Particulates (b2.5 pm) kg ha 8.44E-01 4.66E-01

Hydro carbons (HC, as NMVOC) kg ha 5.36E-01 2.96E-01
Sulfur dioxide (SOy) kg hat 1.90E-01 1.05E-01
Methane (CH,) kg hat 2.43E-02 1.34E-02
Dinitrogen monoxide (N20) kg hat 5.05E+00 5.42E+00
Ammonia (NHs) kg hat 3.76E-03 2.08E-03
Benzene kg ha't 1.37E-03 7.58E-04
Emissions to Water
Nitrate kg ha! 4.25E+01 457E+01
Phosphorus kg ha't 2.18E+00 3.75E+00
Emissions to Soil
Cd (Cadmium) mg 16848.00 32226.50
Cu (copper) mg 616315.50 1608161.50
Zn (Zinc) mg 2996850.50 7688464.50
Pb (lead) mg 1352147.50 1266118.50
Ni (Nickel) mg 133539.50 324133.10
Cr (chromium) mg 157949.50 247696.10
Hg (Mercury) mg 588.50 1438.40
Fe (Iron) mg 800.00 2000.00
B (Boron) mg 80.00 200.00
Mn (Manganese) mg 816.00 2040.00

Mo (Molybdenum) mg 800.00 2000.00
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