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Introduction

Many governments provide subsidies to members of the agricultural supply chain to ensure food security,
maintain economic stability, and uphold the social benefits associated with the agriculture sector. The conflicting
goals of food security and environmental protection have become a major problem, especially in developing
countries. On the one hand, the government aims to boost food production by offering agricultural subsidies. On
the other hand, the excessive use of chemical inputs due to these subsidies has raised concerns about environmental
pollution. Therefore, one of the most significant global challenges is to balance agricultural production to meet the
increasing demand of the growing population while maintaining the quality of the environment. Any changes in
government support policies for the agricultural sector can lead to fluctuations in input and product prices, directly
impacting farmers' profits. As a result, these changes can influence cultivation patterns and the use of agricultural
inputs, ultimately affecting the environment. Therefore, before implementing any policy changes, it is crucial to
assess both the economic and environmental impacts and make informed decisions based on these considerations.

Materials and Methods

This study uses positive mathematical programming (PMP) on the environmental impact of chemical
fertilizers’ subsidies change and transfer subsidies to crops in Zarandieh city of Markazi province. The necessary
information was collected through the statistical sources of the Ministry of Agricultural Jihad for the crop year
2023 for the three crops including irrigated wheat, irrigated barley, and silage corn, which occupies more than 85
percent of the cultivated area of this region. At the first stage, the amount of greenhouse gas (GHG) emissions by
each product was calculated, and then the environmental impact of different subsidy policies was investigated. To
calculate the greenhouse gas emissions, the emission coefficient of each of the inputs that have been cited in
various studies was used. To model and analyze the data, positive mathematical programming with the cost
function approach was used. Excel and GAMS software has been used to run the models.

Results and Discussion

The results of the study showed that the highest amount of greenhouse gas emissions is related to corn silage,
and electricity, diesel, and chemical fertilizers have the largest share of the greenhouse gas emissions. The
simulation results for the region’s cultivation patterns, considering scenarios where only chemical fertilizers—N-
fertilizer, P-fertilizer, and K-fertilizer—were used separately and together with increases of 25%, 50%, 75%, and
100%, indicate that as input prices rise, both the cultivated area and farmers' income decrease. Additionally,
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increasing the price of P-fertilizer has a greater potential to reduce environmental impact compared to raising the
price of other chemical fertilizers.To assess the environmental impact of reallocating subsidies from chemical

inputs to agricultural products, a scenario was simulated in which the price of chemical inputs increased by 100%,
while product prices rose by 5% and 10%, respectively. The model results revealed that the lowest environmental
impact per hectare of crop production occurs when chemical fertilizer prices increase by 100% and product prices
rise by 5%.Based on these findings, reallocating subsidies to agricultural products rather than production inputs

appears to yield more favorable environmental outcomes. In other words, when the subsidy is allocated to the
product instead of chemical inputs, the environmental impact of crop production in this area would be reduced and
the amount of emissions per hectare of farm or million Tomans of gross profit would be less compared to other
situations.

Conclusion

It is necessary to support the agricultural sector to boost food production but these supports should be done
with the least environmental impact. According to the findings of this study, if subsidies are given to agricultural
products instead of inputs, greenhouse gas emissions will be reduced while maintaining the area of crops and the
amount of gross profit of farmers. The policy of setting a guaranteed price for basic agricultural products in Iran
can be a suitable tool to realize this. In other words, transferring the credits allocated for purchasing chemical
fertilizers to the guaranteed purchase of agricultural products will be an effective step in reducing the emission of
greenhouse gases and their impact, as well as maintaining the country's food security.

Keywords: Crop pattern, Green house gas emission, Markazi province, Positive mathematical programming,
Zarandieh city
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Table 3- Change in cultivated area due to the increase in the price of chemical fertilizers

AN Ol 25 50%
Increasing rate
395 &9 0395 Howd ] Oj9r P oo iy
Fertilises type  Nitrogen Phosphorus Potassium Nitrogen Phosphorus Potassium
x5
F -0.57% -0.90% -0.25% -1.06% -1.72% -0.42%
Wheat
z -0.37% -0.66% -0.24% -0.69% -1.27% -0.44%
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ladgle )
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Silage corn
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Increasing rate
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Fertilises type  Nitrogen  Phosphorus  Potassium  Nitrogen  Phosphorus  Potassium
5
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” -1.01% -1.88% -0.64% -1.33% -5.41% -0.84%
Barley
ladgle )3
Gledgle 2 -1.44% -3.25% -258%  -1.89% -8.75% -3.40%
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Table 4- Gross profit (milon Toman) and GHG emissin(kg CO2.eq) of the Area due to the increase in the price of chemical

fertilizers
Coond iy 551
Increase in the price
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Gross Emission/ Gross Emission/Are Gross Emission/ Gross Emission/Are
profit profit a profit profit a
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N-fertiliser
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P-fertiliser
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K-fertiliser
Lm:,f @lo)
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fertilisers
S
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Max
5
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Figure 4- Emission of greenhouse gases per hectare of cultivated area (left) and thousand rials of Gross profit (right)
according to the change in the price of chemical fertilizers
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Table 5- Crop pattern and greenhouse gas emissions in the conditions of increasing the price of yield and chemical inputs
Jypaze Cond 70 Lyl 581 Jgeazxo Caond 7LV ! 581

Jgpasw Increase of the yield price 5% Increase of the yield price 10%
Crop CulS 15 o SIS glajls” Lt CulS ;g SIS a5 Lol
Cultivated area(ha) (kg CO2.eq) GHGs Emissin  Cultivated area(ha) (kg CO2.eq) GHGs Emissin
P 3044 9677676 3236 11055136
Wheat
7 6284 16136892 6697 18495516
Barely
ledsle <0 1329 9194772 1399 10237230
Silage corn
& 10657 35009340 11332 39787882
Total
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Table 6- Total Emission per cultivated area and Gross profit in different subsidy allocation modes
cuiS 2 g oAU 2w oABL dgu/ L] o [ LS
Cultivated Area(ha) Gross profit Emission/ Gross profit Emission/Area
(Million tomans) (kg CO; eq./ Million tomans) (kg CO: eq./ha)

&, amass gbedls
Subsidy allocation modes

Jpame o 70 53 10657 87691 399.24 3285
Increase of price of yield 5%
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Increase of price of yield 10%
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Increase of price of inputs 50%
1o o3l o 2V 1158 10150 79948 396.76 3125
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Increase of price of inputs 100%
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