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Abstract

One of the most common and inappropriate crop residue management practices methods is burning them in fields. In
Khuzestan province as one of the major agricultural regions in Iran, many farmers burn the crop residue after harvesting
which results in the emissions of pollutants and greenhouse gases to the air, soil depletion, reduction of inputs
productivity, and other adverse consequences. In this study, the total crop residue being annually burned was estimated
based on Modis satellite images, annual statistics, field surveys, and interview with farmers. The results obtained from
the process and correction of Modis satellite images in Khuzestan province indicated that the minimum area of farms in
which crop residue was burned during 2017, 2018, and 2019 were 137102, 119705, and 195635 ha/yr, respectively. In
2019, burning 1259005 tonnes of dried crop residue emitted 1525760 t CO,, 54560 t CO and 6953 t particles less than
2.5 ppm. The amounts of other air pollutants such as CHz, NOy, N2O, NHs, SO,, NMVOC, BC, and OC were 2146,
3747, 91, 1213, 466, 4920, 2139, and 1293 t, respectively. Preservation of crop residue on the surface can mitigate the
air pollutant emissions as well as reducing soil erosion and water use, improving soil fertility and compaction, and
finally increasing crop yield. A proper crop residue management practice is achievable by developing agricultural
mechanization and adopting conservation agriculture principles.
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Introduction

One of the important factors affecting air pollution and climate changes on a regional and global scale is
biomass burning (Shi et al., 2020). Open biomass burning, which includes forest, shrubland, grassland and
agricultural residue burning, is an important factor that affects ecosystem processes and dynamics and a
major cause of disturbance and change in a wide range of biomes at regional and global scales. These cases
releases large amounts of trace gases (CO, NOX, NMVOC, SO2, NH3, etc.), particulate matter (PM2.5 and
PM10), and greenhouse gases (CH4 and CO2) (van der Werf., 2017). These emissions affect interannual
variations in atmospheric components, biomes, climate, and regional air quality, thereby posing a serious
threat to human health and the environment.

A significant part of the total biomass burned in the world is the remains of agricultural products (van der
Werf., 2017). Annually, about 730 million tons of biomass are burned in Asia by nature and human factors,
which include fires in forests, pastures, and crop residues (Ravindra et al., 2018). In Iran, about 0.06% of the
country's forests decrease due to fires, so that in a period of 30 years, about 225 million cubic meters of
forests were destroyed (Dalir et al., 1400). In the agricultural sector, residues of agricultural products are
often burned. In a study, Fallah et al (2013) stated that the total crop residue in the country is about 29.5
million tons, nearly 85% of it is burning. Also, In a descriptive analytical study conducted in Khuzestan
province, it was reported that the amount of sugarcane residue is around 1.26 million tons and almost all of it
is burning (Monjezi., 2019).

Materials and methods

In this study, the total crop residue being annually burned was estimated based on Modis satellite images,
annual statistics, field surveys, and interview with farmers. In many fields, shortly after burning residue
tillage and planting operations begins. So, we used Modis satellite for this study because this satellite is
recording daily. For this purpose, first monthly products of this satellite was taken and prepared from the
website https://ladsweb.modaps.eosdis.nasa.gov. Then, corrections and processing required for these
products was applied by Using ArcGIS 10.5 software. In the next step, the coordinate system of the products
changed to World Geodetic System of 1984. Then, since the range of changes in the value of each layer
shows the day of the fire, the layers were converted into binary (0 and 1). In other words, areas that had at
least one day of fire have a value of 1, and zero values in each layer indicate areas without fire. After these
steps, the maps were created and the burnt crop residue areas in the province were estimated monthly and
finally annually for the three years of 2017, 2018 and 2019.

As the residues are burned on cloudy days in the province, the experts suggested that the error be estimated.
The average number of cloudy days without rain was estimated to be 35.2 days per year, and accordingly, the
error rate was considered to get 10%. To determine the burned area of each crop in the farms of Khuzestan
province, agricultural calendar of products, time of residues burning of different crops and also a
guestionnaire were applied. In order to get reliable help from the agricultural calendar, at first, the
agricultural and industrial fields (having a recognizable area of cultivation) were separated. The area under
sugarcane cultivation is about 9.9% of the total land of the province, which usually starts from the beginning
of autumn, and in some cases it continues until the end of spring. Then, according to the agricultural
calendar, the burning time of the fields with different crops was determined. The wheat, barley and rape are
considered to be the most important products of Khuzestan province, so they have a share of 49.1, 6.8 and
2% of the total cultivated area of the province, respectively. Some farmers gradually begin burning the
remains in the fields from May, which sometimes continues until mid-autumn. The residues of paddy and
corn are also burned after harvesting from mid-autumn, these two crops comprise 7.7 and 5.6% of the total
cultivated area of the province, respectively (Statistics, 2018). Also, in a questionnaire, 100 farmers were
asked to answer questions related to the burning of agricultural crop residues including the burning time and
the amount of burnt residues in the field in recent years. Then, according to the cultivated area of the crop
and the total area of burned fields, the amount of burned residues of each crop in the province was
calculated.

Results and Discussion
The results obtained from the process and correction of Modis satellite images in Khuzestan province
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indicated that the minimum area of farms in which crop residue was burned during 2017, 2018, and 2019
were 137102, 119705, and 195635 halyr, respectively. The reason for this difference in the level of burned
fields is the severe drought in 2018 and significant rainfall in 2019. The severe drought reduced the area
under rice and rainfed crops, and as result increased the gap between the sugarcane crop and other crops in
2018.

Therefore, significant rains in 2019 led to the production of more products, including rice, which increased
the amount of fuel consumption with the increase in cultivated area. The reasons for this are the lack of
sufficient information from farmers about its harms, the lack of conservative agricultural equipments and the
lack of implementation of preventive laws to prevent the burning of residues. Wheat, sugarcane and rice
crops accounted for the highest amount of the burned residues, which is given in figure (1).
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Figure 1: Area of the burned fields by type of crop production in Khuzestan province, 2017, 2018 and 2019

Figure (2) shows the area of burning fields in different months of the year. As shown in the figure, most
fields are burned in autumn and spring, according to the results of this research. It can be said that the peak
of burning fields occurs in December, April, and May. In the autumn season of Khuzestan province, with the
beginning of sugarcane and rice harvesting, the burning of fibrous materials in sugarcane and rice residues in
the field begins.
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Figure 2: The area of burning fields in different months in 2017, 2018 and 2019

The total amount of greenhouse gas emissions in the result of the burning of agricultural residues in 2017,
2018 and 2019 were estimated to be 58326, 50975 and 84099 tons CO, equivalent per year, respectively. In
2019, Sugarcane, wheat and rice with 25042, 23181 and 20068 tons of CO, equivalent per year had the
highest amount of greenhouse gas emissions, respectively. In 2019, burning 1259005 tons of the crop
residues emitted 1525760 t CO>, 54560 t CO and 6953 t particles less than 2.5 ppm. The amounts of other air
pollutants such as CH,, NOy, N2O, NH3, SO,, NMVOC, BC, and OC were 2146, 3747, 91, 1213, 466, 4920,
2139, and 1293 t, respectively.
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Conclusions

One of the most common and inappropriate crop residue management practices methods is burning them in
fields. In Khuzestan province as one of the major agricultural regions in Iran, many farmers burn the crop
residue after harvesting which results in the emissions of pollutants and greenhouse gases to the air, soil
depletion, reduction of inputs productivity, and other adverse consequences. Preservation of crop residue on
the surface can mitigate the air pollutant emissions as well as reducing soil erosion and water use, improving
soil fertility and compaction, and finally increasing crop yield. A proper crop residue management practice is
achievable by developing agricultural mechanization and adopting conservation agriculture principles.
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