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       ABSTRACT
The current investigation endeavors to evaluate the prevalence of stubble burning in India, 
with a special focus on the state of Punjab. The study emphasizes the enormity of stubble 
burning by examining farm fire incidents, pollutant emissions, its detrimental impacts. 
It supports the effective management of crop residue along with proposing alternatives 
to stubble burning. The article conveys the message that stubble burning can result in 
deleterious effects on the environment, human health, crop growth, natural ecosystems, 
visibility, and physical infrastructure. The key solutions lie in education, functional literacy, a 
heightened awareness of environmental laws, rights and duties, stringent governance, and 
socially responsible public, promoting adherence to the National Green Tribunal’s guidelines 
for managing crop residue and enlightening farmers about the ill effects of stubble burning 
on animal, soil, human health, crop biodiversity, and climate change. The available data of 
districts of Punjab indicates the recent waning trend in stubble burning, thus heralding a 
positive indication of environmental preservation. Decreased stubble burning is the reward 
of untiring government initiatives, support and subsidies, awareness programs, advanced 
research and technology, and enforcement of stringent regulations combined with recognition 
of the deleterious environmental impacts of stubble burning. This research article indicates 
that there is still a need for efforts to be made to eliminate stubble burning altogether.

INTRODUCTION

Stubble burning is a human-induced catastrophe and a 
scorching topic of the present time. The long-standing post-
harvest practice prevalent in regions globally is aimed at field 
waste elimination after harvesting. Farmers burn stubble 
(Fig. 1) due to time constraints for clearing fields for the 
next planting cycle, their convenience, cost considerations, 
scarcity of laborers, lack of awareness about crop residue 
management, and limited economically viable alternatives, 
etc. (Gottipati et al. 2021, Chawala et al. 2020). However, 
farmers often overlook the adverse effects of stubble burning. 
Burning of biomass is the major contributor to the emission 
of fine carbon particles and trace gases in the atmosphere. 
The pressing and contentious issue of Agricultural stubble 
burning can’t be ignored due to its widespread negative 
impacts on human health, the environment, climate, and 
the economy. This paper aims to explore the consequences 
of stubble burning in the Punjab state of India and suggests 
strategies and solutions for mitigating this practice. The 
scope of the study lies in conserving the environment by 
finding sustainable agricultural alternatives safeguarding 

public health. It can also be utilized to develop policies and 
regulations to address the issue at regional and national 
levels.

MATERIALS AND METHODS

The paper aims to gather insights into the status of stubble 
burning in India, with a particular focus on Punjab. Relevant 
literature and secondary data from various sources, including 
databases such as Google Scholar, Scopus, web of Science, 
books, national and international journals, and websites, 
were collected, and results were interpreted in light of 
the objectives of the study. Specific search items such as 
crop residue, stubble burning, India, emissions, Punjab, 
agriculture, fire counts, etc., were utilized. The authors 
thoroughly reviewed all collected papers.

RESULTS AND DISCUSSION 

Globally, biomass burning has surged in the past decades, 
with approximately 80% originating from Southeast Asia, 
Southern Africa, Australia, and South America (Sahu et 
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al. 2015). Fig. 2 shows the crop residue burning in South 
Asian countries in the past fifty years. The heightened levels 
of crop residue burning in India, China, and the United 
States are particularly concerning. In relative terms, Africa 
experiences intensive rates per hectare, with notable growth 
in burning among the top 20 burners, including Mexico and 
Tanzania. Brazil, Indonesia, Thailand, India, and China 
have demonstrated significant progress in burning over the 
past decades.

According to the National Policy for Management of 
crop residues (NPMCR) report, India tops in crop waste 
production (500 Mt), followed by Bangladesh (72 Mt), 
Indonesia (55 Mt), and Myanmar (19 Mt) (Cassou 2018). 
Alarming statistics from the Intergovernmental Panel on 
Climate Change (IPCC) reveal that over 25% of crop residue 
is burnt on farms in India (Jain et al. 2014). The state-wise 
statistics of crop residue provided by the National Policy for 
Management of Crop Residues (NPMCR) report the highest 
crop residue generated in Uttar Pradesh (60 Mt), Punjab (51 
Mt), and Maharashtra (46 Mt). The surplus crop residue 
generated from various crops is exhibited in Fig. 3a & 3b 
(Jain et al. 2018). In India, cereal crop residues constitute 
roughly two-thirds of the total 683 million tons of residue 
generated each year. About 500 million tons of residue is 
reused in sectors like industry, household and cattle feed. 

However, there is still an excess of 178 million tons that 
remain unutilized (MoA & FW. 2019), out of which 87 
million tons are incinerated openly. 

Globally, crop residue incineration is notably prevalent in 
Asia, driven primarily by a preference for rice. This trend is 
particularly pronounced in India, where the practice is 30% 
more prevalent than in China (mainland) and a striking 93% 
more common than in Pakistan. (Dutta et al. 2022) (Fig. 4).

The Magnitude of Stubble Burning in India, with 
Special Reference to the Punjab

India’s economic backbone hinges on agriculture, sustaining 
nearly 70% of the population depending on agricultural 
activities for income. India ranks as the world’s second-
largest producer of vital staple crops such as wheat, rice, 
and sugarcane. According to reports of the Union Ministry 
of Agriculture and Farmer’s Welfare, the final estimates 
for food grain output show a remarkable surge in 2022-23, 
reaching a record 3296.87 lakh tons, which is an impressive 
4% increase from than previous year. The recorded estimates 
for rice are 1357.55 lakh tons, wheat (1105.5 lakh tons), 
and maize at 380.85 lakh tons. Table 1 shows data on the 
quantity of agricultural waste produced, used, and burned 
(by the Indian Ministry of New and Renewable Energy) 
(NPMCR 2019). 

lack of awareness about crop residue management, and limited economically viable 
alternatives, etc. (Gottipati et al. 2021, Chawala et al. 2020). However, farmers often overlook 
the adverse effects of stubble burning. Burning of biomass is the major contributor to the 
emission of fine carbon particles and trace gases in the atmosphere. The pressing and 
contentious issue of Agricultural stubble burning can’t be ignored due to its widespread 
negative impacts on human health, the environment, climate, and the economy. This paper aims 
to explore the consequences of stubble burning in the Punjab state of India and suggests 
strategies and solutions for mitigating this practice. The scope of the study lies in conserving 
the environment by finding sustainable agricultural alternatives safeguarding public health. It 
can also be utilized to develop policies and regulations to address the issue at regional and 
national levels. 
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India’s agrarian prowess, notably exemplified by states 
like Punjab and Haryana, sets a national standard in terms 
of total food grain production. These states lead, closely 
followed by Madhya Pradesh, Uttar Pradesh, and certain 
western and southern counterparts dominating nonfood grain 
production (Agricultural Statistics at a Glance 2022). Punjab 
has excelled in agriculture,

Showcasing spectacular performance with substantial 
wheat and rice surpluses, ensuring food security for India’s 
140 crore population. This success stems from extensive 
fertilizer use, pesticide application, large-scale machinery, 
and adoption of yielding input-intensive varieties alongside 
efficient irrigation. Despite this productivity, challenges 
arise with the generation of substantial crop residue called 
stubble. The shift to mechanized harvesting has intensified 

this issue, leading to diverse socio-economic, institutional, 
technological, and commercial constraints. Punjab alone 
incinerates 9 million tons of paddy residue (Datta et al. 2020, 
Jain et al. 2018). Post-harvest stubble burning in Punjab’s 
agricultural fields has garnered global attention, underscored 
by a satellite image from NASA (National Aeronautics and 
Space Administration) resembling scenes observed in forest 
fire captures. Fig. 5 shows the total amount of crop produced 
and residue generated and burnt in various districts of Punjab 
(estimated using IPCC guidelines, 2019) in the agricultural 
year 2017-18. Data shows that ~42% of the total residue 
generated was burnt. The districts of Sangrur, Ludhiana, 
Patiala, Moga, and Bathinda burnt maximum crop residues 
(Singh et al. 2020). 

Fire events: Studying agricultural fire counts while 
examining stubble burning provides a comprehensive 
understanding of the practice’s scope, environmental 
consequences, and trends over time. Agricultural fires serve 
as a catalyst, exacerbating air pollution and diminishing the 
air quality index (Rambani 2022). Effectively addressing 
farm fires is a proactive measure to enhance the air quality 
index (AQI). The detrimental impact of stubble burning on 
the state’s air quality index has persisted for decades. Table 2 
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Table 1: Data on agricultural waste.

Quantity of 
agricultural 
waste 
produced

Quantity of 
agricultural waste 
utilized for domestic 
and industrial 
purposes 

Surplus 
agricultural 
waste

Crop 
residue 
burned

500 Mt 360 Mt 140 Mt 92 Mt
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presents the total number of active fire counts in 2021 and 2022 
and the % reduction. Punjab witnessed a decline from 71304 
to 49922 incidents in 2022, reflecting a 29.99% drop from the 
previous year. Additionally, in the U.P.-NCR, Rajasthan-NCR, 
and Delhi-NCT, stubble burning incidents decreased from 
259 in 2021 to 209 in 2022, indicating a 19.30% reduction. 

Over the last three years, there has been a noteworthy 
decline in paddy stubble-burning incidents in Punjab. In 
contrast to the cumulative 83,002 fire events due to paddy 
stubble burning in Punjab in 2020, the corresponding count 
dwindled to 71404 in 2021, further decreasing to 49,922 in 

2022 and reaching a mere 36,663 in 2023 (Fig. 6) (Source: 
Ministry of Environment, forest and climate change, 30 
Nov. 2023).

District-Wise Fire Count Percentage in Punjab

The percentage of fire events in each district w.r.t total fire 
counts for years 2022 and 2023, along with the percentage 
decrease in stubble fire counts in 2023 w.r.t 2022, are also 
computed (Table 3). For 2022, Sangrur dominates with> 
10% fire events, followed by Bathinda and Ferozepur with 
~8.9% and 8.1% respectively. The fire count percentage of 
Pathankot, S.A.S. Nagar, Rupnagar, and S.B. S. Nagar is 
found to be <1%. During 2022, the top five hotspot districts 
for crop burning were Sangrur, Bhatinda, Ferozepur, 
Muktsar, and Moga. Only Sangrur recorded more than 6000 
fire counts in 2022, while in contrast, five districts surpassed 
5000 fire counts in 2021. In 2023, the total no. of fire events 
reported due to crop burning is 43648 as compared with 
59166 in 2022. In addition, the total number of fire events in 
each district shows a decrease. The 2023 data show Rupnagar 
and Muktsar observed more than 50% reduction in fire events 
in 2023 as compared to 2022 (source: crop burning. in).

The collaborative endeavors of the central government, 
Punjab government, NCR State government, and stakeholders, 

The Magnitude of Stubble Burning in India, with Special Reference to the Punjab 

India’s economic backbone hinges on agriculture, sustaining nearly 70 % of the population 
depending on agricultural activities for income. India ranks as the world’s second-largest 
producer of vital staple crops such as wheat, rice, and sugarcane. According to reports of the 
Union Ministry of Agriculture and Farmer’s Welfare, the final estimates for food grain output 
show a remarkable surge in 2022-23, reaching a record 3296.87 lakh tons, which is an 
impressive 4% increase from than previous year. The recorded estimates for rice are 1357.55 
lakh tons, wheat (1105.5 lakh tons), and maize at 380.85 lakh tons. Table 1 shows data on the 
quantity of agricultural waste produced, used, and burned (by the Indian Ministry of New and 
Renewable Energy) (NPMCR 2019).  

India’s agrarian prowess, notably exemplified by states like Punjab and Haryana, sets a national 
standard in terms of total food grain production. These states lead, closely followed by Madhya 
Pradesh, Uttar Pradesh, and certain western and southern counterparts dominating nonfood 
grain production (Agricultural Statistics at a Glance 2022). Punjab has excelled in agriculture, 

Table 1: Data on agricultural waste. 

Quantity of 
agricultural 
waste 
produced 

Quantity of agricultural 
waste utilized for 
domestic and industrial 
purposes  

Surplus 
agricultural waste 

Crop residue burned 

500 Mt 360 Mt 140 Mt 92 Mt 
 

Showcasing spectacular performance with substantial wheat and rice surpluses, ensuring food 
security for India’s 140 crore population. This success stems from extensive fertilizer use, 
pesticide application, large-scale machinery, and adoption of yielding input-intensive varieties 
alongside efficient irrigation. Despite this productivity, challenges arise with the generation of 
substantial crop residue called stubble. The shift to mechanized harvesting has intensified this 
issue, leading to diverse socio-economic, institutional, technological, and commercial 
constraints. Punjab alone incinerates 9 million tons of paddy residue (Datta et al. 2020, Jain et 
al. 2018). Post-harvest stubble burning in Punjab’s agricultural fields has garnered global 
attention, underscored by a satellite image from NASA (National Aeronautics and Space 
Administration) resembling scenes observed in forest fire captures. Fig. 5 shows the total 
amount of crop produced and residue generated and burnt in various districts of Punjab 
(estimated using IPCC guidelines, 2019) in the agricultural year 2017-18. Data shows that 
~42% of the total residue generated was burnt. The districts of Sangrur, Ludhiana, Patiala, 
Moga, and Bathinda burnt maximum crop residues (Singh et al. 2020).  

 

 

 

 

 

 

 

Fig. 5: District-wise distribution of crop produce, residue generated and burnt in Punjab (in kiloton) for the year 2017-18.

Table 2: Total farm fire event counts (Kharif Season) in Punjab, NCR-UP, Haryana, NCR-Rajasthan, and NCT of Delhi during 2021 and 2022. 

Sr. No. State/UT 2022 2021 % change

1. Haryana 3661 6987 47.60%

2. Punjab 49922 71304 29.99%

3. U.P.-NCR+Rajasthan-
NCR+NCT of Delhi

198+1+10=209 252+3+4=259 21.43, 66.67, and no reduction, respectively.
Average reduction=19.3%

Total 53,792 78,550 31.51%

(Source: Ministry of environment, forest and climate change, 30 Nov. 2023)
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Fire events: Studying agricultural fire counts while examining stubble burning provides a 
comprehensive understanding of the practice’s scope, environmental consequences, and trends 
over time. Agricultural fires serve as a catalyst, exacerbating air pollution and diminishing the 
air quality index (Rambani 2022). Effectively addressing farm fires is a proactive measure to 
enhance the air quality index (AQI). The detrimental impact of stubble burning on the state’s 
air quality index has persisted for decades. Table 2 presents the total number of active fire 
counts in 2021 and 2022 and the % reduction. Punjab witnessed a decline from 71304 to 49922 
incidents in 2022, reflecting a 29.99 % drop from the previous year. Additionally, in the U.P.-
NCR, Rajasthan-NCR, and Delhi-NCT, stubble burning incidents decreased from 259 in 2021 
to 209 in 2022, indicating a 19.30 % reduction.  

Table 2: Total farm fire event counts (Kharif Season) in Punjab, NCR-UP, Haryana, NCR-
Rajasthan, and NCT of Delhi during 2021 and 2022.  

Sr. No. State/UT 2022 2021 % change 
1. Haryana 3661 6987 47.60% 
2. Punjab 49922 71304 29.99% 
3. U.P.-

NCR+Rajasthan-
NCR+NCT of 
Delhi 

198+1+10=209 252+3+4=259 21.43, 66.67, and 
no reduction, 
respectively. 
Average 
reduction=19.3% 

Total  53,792 78,550 31.51% 
(Source: Ministry of environment, forest and climate change, 30 Nov. 2023) 

Over the last three years, there has been a noteworthy decline in paddy stubble-burning 
incidents in Punjab. In contrast to the cumulative 83,002 fire events due to paddy stubble 
burning in Punjab in 2020, the corresponding count dwindled to 71404 in 2021, further 
decreasing to 49,922 in 2022 and reaching a mere 36,663 in 2023 (Fig. 6) (Source: Ministry of 
Environment, forest and climate change, 30 Nov. 2023). 

 

 
Fig. 6: Paddy farm fires in Punjab in 2020-2023.
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(VOCs), semi-volatile organic compounds (SVOCs), non-
methane hydrocarbon (NHMC), and particulate matter 
during the burning of crop remnants poses a substantial 
threat to air quality and human well-being. PM2.5 and PM10 
are recognized for their significant health impact. Awasthi 
et al. (2011) reported 78% and 43% respective increases 
in the PM2.5 concentrations during the paddy and wheat 
stubble burning duration. Stubble burning and air pollution 
are inextricably linked both conceptually and contextually. 
In North India, during winter, particularly in November and 
December, the air quality deteriorates (Mishra 2019).

In the 5th Air Quality Report (AQR), it was revealed 
that about 60% of Indian cities documented annual PM2.5 
levels surpassing WHO guidelines by at least seven times. 
Particularly, elevated PM levels were observed between 
November and March. Table 4 shows emissions of various 
pollutants from the burning of different agricultural residues 
in India. The annual escalation in air pollution during the rice 
harvest (October to December) and wheat harvest (March to 

focusing on improved in situ crop management with crop 
residue management machinery, PUSA (Indian Agricultural 
Research Institute is popularly known as PUSA) bio 
decomposers Utilization, promotion of ex-situ options for 
paddy straw and conducting extensive awareness campaigns 
through print, electronic, and social media, have effectively 
contributed to a notable reduction in fire counts. 

Impacts of Stubble Burning

Stubble burning has severe consequences on both the 
environment and public health and exhibits unsustainability. 
Its emissions of greenhouse gases precipitate global 
warming, elevate particulate matter levels, induce smog 
with consequential visibility &health complications, and 
cause loss of biodiversity and soil fertility (Fig. 7). Crop 
residue burning releases two categories of pollutants: 
gaseous (CH4, NOx, N2O, SO2, CO2, CO) and particulate 
matter (PM2.5, PM10, VOC) (Singh 2018). The extensive 
release of gaseous emissions, volatile organic compounds 

Table 3: District-wise data of fire events in Punjab (2022 & 2023).

District Fire events 
(2022)

% of fire events 
(2022)

Fire events 
(2023)

% of fire events 
(2023)

%Reduction in number of fire 
events in 2023 w.r.t 2022

Amritsar 2522 4.26 2311 5.29 8.37

Barnala 2896 4.89 2502 5.73 13.60

Bathinda 5269 8.9 3736 8.56 29.09

Faridkot 2618 4.4 1978 4.53 24.45

Fatehgarh Sahib 1217 2.05 892 2.04 26.71

Fazilka 3163 5.3 2001 4.58 36.77

Firozpur 4806 8.1 3660 8.38 23.85

Gurdaspur 2082 3.5 1412 3.23 32.18

Hoshiarpur 1101 1.86 684 1.57 37.87

Jalandhar 2332 3.94 1805 4.13 22.60

Kapurthala 1941 3.28 1448 3.32 25.40

Ludhiana 3357 5.67 2676 6.13 20.28

Mansa 3062 5.17 2349 5.38 23.28

Moga 4027 6.8 3262 7.47 18.99

Muktsar 4063 6.86 1890 4.33 53.48

Pathankot 236 0.4 122 0.28 48.31

Patiala 3433 5.8 2039 4.67 40.60

Rupnagar 421 0.7 134 0.31 68.17

Sahibzada Ajit Singh 
Nagar

186 0.3 143 0.33 23.12

Sangrur 6136 10.37 5904 13.53 3.78

Shahid Bhagat Singh 
Nagar

542 0.9 469 1.07 13.47

Tarn Taran 3756 6.35 2231 5.11 40.60

Total 59166 43648 26.23
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May) is attributed to stubble burning. The stubble-burning 
practice is primarily pervasive in Punjab, Haryana, and Uttar 
Pradesh and significantly contributes to the severe winter 
pollution crisis observed in Delhi and other cities within NCR 
(Das et al. 2023). In 2015, rice and wheat burning periods 
in Punjab accounted for 86.7% of PM10 and 53.2% of PM2.5 
(Singh 2015). In 2022, the average PM2.5 level was reported 
to be 53.3 µg.m-3 as compared to 58.1 µg.m-3 in 2021, and 
Delhi (NCT) came out as the world’s fourth most polluted 

Metropolitan city with PM2.5 levels of 92.6 µg.m-3 (source: 
iqair.com).

Major pollutant emissions on stubble burning, along 
with their % share, are shown in Fig. 8a & 8b. The highest 
contribution to emissions came from burning paddy straw, 
accounting for 40%, followed by wheat at 22% and sugarcane 
at 20% (Fig. 8b) (Jain et al. 2014).

Table 5 shows district-wise emission data of air 
pollutants of Punjab 2017-18 according to the IPCCs 2019 

residue management machinery, PUSA (Indian Agricultural Research Institute is popularly 
known as PUSA) bio decomposers Utilization, promotion of ex-situ options for paddy straw 
and conducting extensive awareness campaigns through print, electronic, and social media, 
have effectively contributed to a notable reduction in fire counts.  

Impacts of Stubble Burning 

Stubble burning has severe consequences on both the environment and public health and 
exhibits unsustainability. Its emissions of greenhouse gases precipitate global warming, elevate 
particulate matter levels, induce smog with consequential visibility &health complications, and 
cause loss of biodiversity and soil fertility (Fig. 7). Crop residue burning releases two 
categories of pollutants: gaseous (CH4, NOx, N2O, SO2, CO2, CO) and particulate matter 
(PM2.5, PM10, VOC) (Singh 2018). The extensive release of gaseous emissions, volatile organic 
compounds (VOCs), semi-volatile organic compounds (SVOCs), non-methane hydrocarbon 
(NHMC), and particulate matter during the burning of crop remnants poses a substantial threat 
to air quality and human well-being. PM2.5 and PM10 are recognized for their significant health 
impact. Awasthi et al. (2011) reported 78 % and 43 % respective increases in the PM2.5 
concentrations during the paddy and wheat stubble burning duration. Stubble burning and air 
pollution are inextricably linked both conceptually and contextually. In North India, during 
winter, particularly in November and December, the air quality deteriorates (Mishra 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Impacts of Stubble burning. 

In the 5th Air Quality Report (AQR), it was revealed that about 60 % of Indian cities 
documented annual PM2.5 levels surpassing WHO guidelines by at least seven times. 
Particularly, elevated PM levels were observed between November and March. Table 4 shows 
emissions of various pollutants from the burning of different agricultural residues in India. The 
annual escalation in air pollution during the rice harvest (October to December) and wheat 
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Fig. 7: Impacts of Stubble burning.

Table 4: Emission of different pollutants (Gg.year-1*) from various crops in India in 2016-17 (Ravindra et al. 2019).

Pollutants Wheat Rice Cotton Sugarcane All Pulses 9 oil seeds

Sulfur dioxide (SO2) 12.31 9.07 0.63 2.33 0.87 0.71

Carbon monoxide (CO) 861.38 4683.64 316.46 384.57 345.77 282.19

Carbon dioxide (CO2) 54974.27 59,275.74 4022.31 12523.52 4527.50 3694.99

Nitrous oxides (NOx) 52.30 114.82 7.45 28.82 2.80 2.29

Nitrous oxide(N2O) 22.76 24.17 2.21 8.20 2.42 2.96

Volatile organic compounds (VOC) 215.34 352.53 20.93 24.38 28.05 22.89

Polycyclic aromatic hydrocarbon (PAH) .04 .026 .01 .02 .01 .01

Ammonia (NH3) 39.99 206.48 3.89 11.08 5.21 4.25

Organic carbon (OC) 8.92 150.58 5.47 36.57 2.80 2.29

Elemental carbon (EC) 4.92 25.68 2.45 7.76 1.88 1.54

PM2.5 264.57 418 11.66 42.11 15.63 12.75

PM10 175.35 458.29 13.01 44.33 32.25 26.32

*1 Gg.year-1 = 1000 tonnes.year-1
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(refinement of 2006) (Singh et al. 2020). The burning 
of around 20.3 Mt of crop residue in Punjab resulted in 
the release of PM2.5 (137.2 Gg) and PM10 (163.7 Gg). 
Additionally, Punjab witnessed emissions of 8.6 Gg of 
Elemental Carbon (EC), 45.7 Gg of organic carbon (OC), 

and 0.08 Gg of polycyclic aromatic hydrocarbons (PAHs). 
Exposure to particulate matter and gaseous emissions leads 
to various health problems, such as respiratory and heart 
diseases, lung cancer, and premature death. Kumar et al. 
(2015) reported that farmers complained about eye and 

harvest (March to May) is attributed to stubble burning. The stubble-burning practice is 
primarily pervasive in Punjab, Haryana, and Uttar Pradesh and significantly contributes to the 
severe winter pollution crisis observed in Delhi and other cities within NCR (Das et al. 2023). 
In 2015, rice and wheat burning periods in Punjab accounted for 86.7 % of PM10 and 53.2 % 
of PM2.5 (Singh 2015). In 2022, the average PM2.5 level was reported to be 53.3 µg.m-3 as 
compared to 58.1 µg.m-3 in 2021, and Delhi (NCT) came out as the world’s fourth most 
polluted Metropolitan city with PM2.5 levels of 92.6 µg.m-3 (source: iqair.com). 

Table 4: Emission of different pollutants (Gg.year-1*) from various crops in India in 2016-17 
(Ravindra et al. 2019). 

Pollutants Wheat Rice Cotton Sugarcane All Pulses 9 oil 
seeds 

Sulfur dioxide (SO2) 12.31 9.07 0.63 2.33 0.87 0.71 

Carbon monoxide (CO) 861.38 4683.64 316.46 384.57 345.77 282.19 

Carbon dioxide (CO2) 54974.27 59,275.
74 

4022.31 12523.52 4527.50 3694.99 

Nitrous oxides (NOx) 52.30 114.82 7.45 28.82 2.80 2.29 

Nitrous oxide(N2O) 22.76 24.17 2.21 8.20 2.42 2.96 

Volatile organic 
compounds (VOC) 

215.34 352.53 20.93 24.38 28.05 22.89 

Polycyclic aromatic 
hydrocarbon (PAH) 

.04 .026 .01 .02 .01 .01 

Ammonia (NH3) 39.99 206.48 3.89 11.08 5.21 4.25 

Organic carbon (OC) 8.92 150.58 5.47 36.57 2.80 2.29 

Elemental carbon (EC) 4.92 25.68 2.45 7.76 1.88 1.54 

PM2.5 264.57 418 11.66 42.11 15.63 12.75 

PM10 175.35 458.29 13.01 44.33 32.25 26.32 

*1 Gg.year-1 = 1000 tonnes.year-1 

Major pollutant emissions on stubble burning, along with their % share, are shown in Fig. 8a 
& 8b. The highest contribution to emissions came from burning paddy straw, accounting for 
40 %, followed by wheat at 22 % and sugarcane at 20 % (Fig. 8b) (Jain et al. 2014). 
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Fig. 8a: Emission of pollutants and GHGs on burning.

harvest (March to May) is attributed to stubble burning. The stubble-burning practice is 
primarily pervasive in Punjab, Haryana, and Uttar Pradesh and significantly contributes to the 
severe winter pollution crisis observed in Delhi and other cities within NCR (Das et al. 2023). 
In 2015, rice and wheat burning periods in Punjab accounted for 86.7 % of PM10 and 53.2 % 
of PM2.5 (Singh 2015). In 2022, the average PM2.5 level was reported to be 53.3 µg.m-3 as 
compared to 58.1 µg.m-3 in 2021, and Delhi (NCT) came out as the world’s fourth most 
polluted Metropolitan city with PM2.5 levels of 92.6 µg.m-3 (source: iqair.com). 

Table 4: Emission of different pollutants (Gg.year-1*) from various crops in India in 2016-17 
(Ravindra et al. 2019). 

Pollutants Wheat Rice Cotton Sugarcane All Pulses 9 oil 
seeds 

Sulfur dioxide (SO2) 12.31 9.07 0.63 2.33 0.87 0.71 

Carbon monoxide (CO) 861.38 4683.64 316.46 384.57 345.77 282.19 

Carbon dioxide (CO2) 54974.27 59,275.
74 

4022.31 12523.52 4527.50 3694.99 

Nitrous oxides (NOx) 52.30 114.82 7.45 28.82 2.80 2.29 

Nitrous oxide(N2O) 22.76 24.17 2.21 8.20 2.42 2.96 

Volatile organic 
compounds (VOC) 

215.34 352.53 20.93 24.38 28.05 22.89 

Polycyclic aromatic 
hydrocarbon (PAH) 

.04 .026 .01 .02 .01 .01 

Ammonia (NH3) 39.99 206.48 3.89 11.08 5.21 4.25 

Organic carbon (OC) 8.92 150.58 5.47 36.57 2.80 2.29 

Elemental carbon (EC) 4.92 25.68 2.45 7.76 1.88 1.54 

PM2.5 264.57 418 11.66 42.11 15.63 12.75 

PM10 175.35 458.29 13.01 44.33 32.25 26.32 

*1 Gg.year-1 = 1000 tonnes.year-1 

Major pollutant emissions on stubble burning, along with their % share, are shown in Fig. 8a 
& 8b. The highest contribution to emissions came from burning paddy straw, accounting for 
40 %, followed by wheat at 22 % and sugarcane at 20 % (Fig. 8b) (Jain et al. 2014). 
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Fig. 8b: Share of different crops in stubble burning. 

Table 5: Emission of various pollutants from crop burning in different districts of Punjab (2017-18) (in Gg*). 

SO2 CO2 CH4 CO NOx N2O NH3 NMVOC EC OC PAH PM2.5 PM10

Amritsar 0.25 1386.81 7.95 75.96 2.19 0.57 3.35 7.12 0.43 2.30 0.004 6.92 8.28

Bathinda 0.32 1745.02 9.32 90.60 2.64 0.72 3.86 8.82 0.51 2.59 0.005 8.04 9.82

Barnala 0.19 1054.03 6.45 61.56 1.71 0.43 2.72 5.56 0.34 1.87 0.003 5.58 6.58

Faridkot 0.18 987.35 5.91 56.13 1.57 0.40 2.48 5.17 0.31 1.69 0.003 5.10 6.06

Fatehgarh 
Sahib

0.13 759.70 4.54 43.47 1.23 0.31 1.92 3.96 0.24 1.33 0.002 3.95 4.68

Fazilka 0.20 1064.12 4.91 47.99 1.50 0.44 2.01 5.12 0.28 1.31 0.002 4.24 5.42

Ferozpur 0.28 1601.31 9.69 91.99 2.56 0.66 4.07 8.42 0.51 2.77 0.005 8.36 9.90

Gurdaspur 0.25 1374.32 7.57 73.84 2.21 0.58 3.23 6.87 0.44 2.36 0.004 6.77 8.07

Hoshiarpur 0.17 927.10 3.96 43.58 1.47 0.39 1.63 4.28 0.29 1.34 0.002 3.66 4.46

Jalandhar 0.26 1436.17 8.31 80.56 2.32 0.60 3.51 7.38 0.46 2.49 0.004 7.30 8.64

Kapurthala 0.17 956.64 5.84 56.21 1.57 0.39 2.47 5.03 0.32 1.73 0.003 5.09 5.97

Ludhiana 0.40 2276.46 13.96 133.31 3.70 0.94 5.88 12.01 0.74 4.06 0.007 12.09 14.23

Mansa 0.21 1152.31 6.18 59.53 1.74 0.48 2.57 5.82 0.33 1.71 0.003 5.33 6.52

Moga 0.28 1597.03 9.89 94.07 2.59 0.65 4.16 8.47 0.52 2.85 0.005 8.54 10.04

Pathankot 0.04 225.43 1.09 11.00 0.35 0.09 0.46 1.08 0.07 0.34 0.001 0.98 1.20

Patiala 0.35 1948.65 11.59 110.28 3.10 0.80 4.88 10.17 0.61 3.33 0.006 10.03 11.92

Rupnagar 0.09 469.30 2.22 23.18 0.73 0.19 0.90 2.28 0.14 0.66 0.001 1.95 2.38

Sangrur 0.48 2723.24 16.53 157.78 4.40 1.12 6.96 14.31 0.88 4.79 0.009 14.32 16.90

S.A.S. 
Nagar

0.06 295.31 1.41 13.88 0.43 0.12 0.58 1.43 0.08 0.39 0.001 1.23 1.54

Shri 
Muktsar 
Sahib

0.27 1500.77 8.32 79.39 2.30 0.62 3.47 7.65 0.44 2.32 0.004 7.17 8.70

S.B.S.Nagar 0.11 611.82 3.36 33.08 0.98 0.25 1.41 3.09 0.19 1.01 0.002 2.96 3.53

Tarn Taran 0.26 1441.65 8.72 82.93 2.31 0.59 3.67 7.57 0.46 2.51 0.005 7.54 8.92

Total 4.94 27534.53 157.74 1520.30 43.60 11.37 66.22 141.61 8.59 45.72 0.08 137.16 163.75

*1 Gg.year-1 = 1000 tonnes.year-1
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lung irritation. Open burning of seed stubble, according to 
Gadde et al. (2009), emits dioxins such as polychlorinated 
dibenzo-p-dioxins, polychlorinated dibenzofurans (PCDFs), 
and polycyclic aromatic hydrocarbons (PAHs), with 
carcinogenic properties. Stubble burning poses formidable 
health risks, including chronic obstructive pulmonary 
diseases, pneumoconiosis, bronchitis, skin ailments, eye 
irritation, cataracts, corneal opacity, blindness, emphysema, 
and heightened susceptibility to pulmonary tuberculosis 
(Kumar et al. 2015, Saggu et al. 2018).

Pollutants from crop stubble burning lead to the death of 
living organisms, as the elevated levels of CO in the blood 
convert hemoglobin into carboxyhemoglobin, which is 
unable to transport oxygen to different parts of the body. This 
leads to breathlessness, especially for one’s with respiratory 
problems like asthma, bronchitis, and cardiovascular 
diseases. As per the World Health Organisation (WHO), 
nearly 7 million deaths per year are attributed to poor ambient 
air pollution, leading to stroke, heart disease, lung cancer, 
and chronic respiratory diseases (WHO 2008). Expectant 
women and young children are especially at risk from the 
smoke generated by stubble burning. High pollution levels 
led to a reduction of about 6.4 years in life expectancy for 
the residents of Delhi (Ghude et al. 2016).

Burning crop residues decreases soil fertility by loss of 
organic C, N, and other essential nutrients in the soil (Kumar 
et al. 2015). Soil’s natural ability to renew its nutrient levels 
decreases as helpful microorganisms also get killed during 
fire. Crop residue isn’t mere trash; it stands as a valuable 
asset. Cereal crops retain 25% N, 50% S, and 75% K from 
the soil in their residue. Estimates reveal that the burning of 
paddy straw leads to substantial loss of nutrients, losses viz. 
59000 tons of nitrogen, 20000 tons of phosphorus, 34000 
tons of potassium, and 3.85 million tons of organic carbon 
(Saini et al. 2019). Furthermore, crops face challenges from 
ground-level ozone (Abdurrahman et al. 2020). SO2 and NOx 
contribute to acid rain, which not only damages plants but 
also affects soil quality and corrode man-made structures.

Stubble burning disrupts the soil pH, moisture levels, and 
biotic elements (e.g., bacteria, algae, fungi, protozoa), resulting 
in significant imbalances. Burning of crop residues leads to 
the burning of organic carbon into CO2, as well as a shift in 
nitrogen equilibrium, resulting in the conversion of usable 
nitrogen in the soil to oxides of nitrogen, which are lost to the 
atmosphere. Consequently, there is a striking loss of 0.824 
million tons of NPK from the soil (Dutta et al. 2022). The 
elevated soil temperature caused by stubble burning, ranging 
up to 33.8-42.2 °C, eradicates soil-friendly bacteria, fungi, 
and other microbes (Gupta et al. 2004). Milk production of 
livestock plummets by 50% during the stubble-burning period.

Management of Stubble: Progress Till Now

 1. Detection and prevention: to detect and forestall 
real-time burning, employing a synergy of cutting-
edge remote sensing technology, specifically satellite 
imagery, along with a team of local authorities like 
SDM, Tehsildar, BDO, Patwaris, and village level 
workers prove highly productive.

 2. Banning crop residue burning: Stubble burning has 
been officially designated as transgression pursuant 
to the Air Act (1981), the code of criminal procedure, 
1973, and other pertinent legislative frameworks. 
Furthermore, a stringent penalty is levied upon any 
offending farmer found violating this prohibition. 
Administrative authorities are currently orchestrating 
vigorous enforcement measures at both the village and 
block level.

 3. Establishing a marketplace for stubble: Intensive 
endeavors are underway to enhance the diversified 
utilization of paddy straw and crop residues. Notably, 
leveraging the substantial calorific content of 
paddy straw, it serves as a viable fuel source in 
biomass power plants. Furthermore, its application 
extends to the production of biofuels and organic 
fertilizers and contributes to the paper and cardboard 
industries (Porichha et al. 2021). This comprehensive 
approach aims to attribute tangible economic and 
commercial value to agricultural residues, discouraging 
their incineration as an economic detriment to  
farmers.

 4. Public awareness campaigns: Continual endeavors 
spotlight the health ramifications of crop residue 
burning, yielding elevated levels of harmful particulates 
detrimental to well-being. Concurrently, initiatives 
persist via farmer camps, training sessions, workshops, 
and televised programs.

 5. Subsidy on agricultural machinery: The state 
government, in conjunction with the central government, 
offers subsidies on mechanized implements facilitating 
soil tillage to retain crop residue, enhancing soil fertility, 
or channeling it for commercial purposes. However, the 
excessive costs render these implements inaccessible 
to the majority of farmers, limiting current access to a 
small fraction.

 6. Crop diversification: Promoting the cultivation of 
alternative crops with reduced residue production 
and extended intervals between cropping cycles is 
underway. Diversification efforts in cropping techniques 
aim to curb stubble burning.
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Alternatives to Stubble Burning

Stubble management is a critical aspect of modern agriculture. 
Effective stubble management is essential for maintaining 
soil health and air quality and promoting sustainable 
agricultural practices. Several concerns associated with 
stubble burning, such as air pollution, soil degradation, and 
decreased soil fertility, etc., have led to the need to develop 
and adopt crop stubble management strategies as listed in 
Table 6 (Parihar et al. 2023). 

Best Practices

 1. The Chhattisgarh Gauthans model is an innovative 
experiment undertaken by the Chhattisgarh government 
where stubble (parali) is collected through daan and 
converted to organic fertilizer. The scheme generates 
employment for the rural youth. 

 2. Creating initiatives akin to the Mahatma Gandhi National 
Rural Employment Guarantee Act (MGNREGA) for 
harvesting and composting crop residues can greatly 
enhance sustainable agriculture and environmental 
conservation efforts.

 3. The most efficient current technology to combat stubble 
burning is the turbo happy seeder.

 4. Harnessing straw for electricity generation 

Future Steps

 1. Embrace early maturing rice varieties to afford farmers 
additional time for meticulous field clearance and 
optimal wheat sowing.

 2. To advocate for a transformative shift in Punjab’s wheat 
rice rotation urging a diversified cropping cycle for 
sustained benefits in the medium and long run.

 3. To expedite the decomposition of rice and wheat stubble 
into compost by developing environment-friendly, user-
friendly, and cost-friendly chemicals.

 4. Bales of rice straw can serve as effective mulch for 
reseeding and erosion control purposes.

 5. Utilization of rice straw bales as construction material 
for environment-friendly buildings.

 6. Dispel misconceptions among farmers regarding the 
methodologies and expenses associated with alternative 
technologies.

CONCLUSIONS

In terms of annual biomass burned, India and China emerge 
as the biggest burners of crop residue worldwide. The 
stubble burning is a major global contributor to atmospheric 
pollution, releasing gaseous pollutants and particulate 
matter that adversely impact both human health and the 
environment. Its effects are dreadful. In 2023, the major 
stubble-burning districts of Punjab were Sangrur, Bathinda, 
and Ferozepur. In contrast, the least residue-burning districts 
include Rupnagar, Sahibzada Ajit Singh Nagar, Shaheed 
Bhagat Singh Nagar, and Pathankot. The study concludes that 
the number of stubble-burning cases has recently declined 
in Punjab. Research promotes the adoption of exemplary 
agricultural practices, ensuring widespread accessibility of 
advanced crop residue management technologies such as 
the happy seeder and super seeder, along with encouraging 
crop cycle diversification. The government should prioritize 
subsidizing cutting-edge crop residue technologies and 
implement compelling behavior change strategies to address 
the issue collaboratively, leveraging the active participation 
of farmers. State government can incentivize the farmers to 
adopt eco-friendly methods and penalize those who don’t. 
There is a strong need for more policies to find a feasible 
solution and also collaborative efforts by government, NGOs, 
academicians, researchers, and farmers to eliminate stubble 
burning altogether.
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