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ABSTRACT

In the Indo-Gangetic Plains (IGP) of northern India, the prevalent rice-wheat cropping system
(RWS) is marked by a continuous cycle of planting wheat from October to April and rice from
June to September. However, the transition between these crops necessitates the burning
of stubble due to the short time frame available for land preparation before planting wheat.
This practice contributes significantly to environmental pollution and poses health risks to
both humans and ecosystems. To address this issue, alternative management strategies for
crop residue are imperative. Utilizing stubble as fuel, feedstock for biofuels, or raw material
for the pulp and paper industry offers promising solutions. Among these, biochar emerges
as a particularly effective option. Biochar, derived from the pyrolysis of agricultural waste,
not only mitigates environmental pollution but also enhances soil health, crop productivity,
and overall agricultural sustainability. Our proposal emphasizes the potential of biochar as
a soil conditioner, promoting soil carbon sequestration, improving soil quality, and ultimately
enhancing food security.

INTRODUCTION

The Rice-Wheat Cropping System (RWS) is a highly
productive and efficient cropping system that has helped
meet the food demands of the growing population in India.
Therefore, an enormous quantity of crop residue is expected
to be produced as a result of monoculture and intensive
farming (Manna et al. 2020). Northwest India produces about
40 metric tons of paddy straw, with Punjab and Haryana
contributing the majority of it (Dhanda et al. 2022). Crop
residue burning in Haryana, as well as in other parts of
India, has been a significant contributor to air pollution and
greenhouse gas emissions (Saxena et al. 2021). Burning
crop residue releases a variety of hazardous pollutants into
the atmosphere, including carbon monoxide (CO), nitrogen
oxides (NOy), and particulate matter (PM) (Mor et al. 2022).
This practice is frequently used to clean up fields quickly
following a harvest. Because so much rice and wheat are
farmed there, crop residue burning is particularly common
in Haryana and Punjab (Kumar & Singh 2021). According
to data from the Indian Council of Agricultural Research,
Haryana was responsible for around 14% of India’s total
crop residue burning in 2018 (Govindaraj et al. 2019).

Wheat straw has been used as feed for cattle, and leftover
residue is burned every year. According to Chhabra & Mehta
(2019), one kilogram of paddy produces one to one and a
half kg of straw. Disposing of such a massive amount of
crop residue is very difficult. The height of crop stubbles,
the low nutritional value of paddy straw, the expense of
collecting and transportation, the absence of markets for
crop stubbles, and the lack of an effective in situ stubble
management system present farmers with several challenges
(Kaur et al. 2022). Due to these reasons, open stubble burning
is perceived by farmers who are not aware of public health
issues as the easiest and most economical way to manage
stubble (Abdurrahman et al. 2019). The pollutants released
during burning can have significant negative impacts,
including respiratory problems and heart disease (Chanana
etal. 2023). After being released into the air, these pollutants
scatter in the environment, may go through physical and
chemical changes, and ultimately have a negative impact on
both human health and the environment are shown in Fig.
1. Furthermore, the practice contributes to global warming
by releasing significant amounts of greenhouse gases into
the atmosphere, including carbon dioxide and methane
(Chawala & Sandhu 2020). However, it also poses significant
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challenges such as soil degradation, and nutrient depletion
(Nunes et al. 2020). To overcome these challenges, there is an
urgency to implement sustainable and diversified agricultural
practices, such as sustainable agriculture, integrated pest
management, and crop diversification (Prasad et al. 2020).
Biochar made from wheat paddy straw might be a useful tool
for managing wheat paddy stubble (Manna et al. 2020). When
biomass feedstocks, such as crop leftovers, are pyrolyzed
under low oxygen conditions, biochar, a persistent and
recalcitrant carbon-rich compound, is produced (Kumar &
Bhattacharya 2021). Due to variations in the biomass and
pyrolysis temperature, it demonstrates various properties.
Biochar has the potential to significantly contribute to the
agro-economy’s efforts to enhance soil health and improve
crop yields (Zhang et al. 2020). When biochar is added to soil,
it can enhance the soil’s ability to retain water and nutrients,
which can lead to improved plant growth and crop yields
(Farid et al. 2022). Additionally, biochar can also help the
soil’s ability to store carbon, which can lessen greenhouse
gas emissions and help in the fight against climate change.
By employing organic waste as a feedstock, biochar may
help lower the quantity of trash produced by agricultural
activities (Guo et al. 2020). Overall, using biochar in the
agro-economy has the potential to bring about a number of
advantages, such as higher crop yields, better soil health,
lower greenhouse gas emissions, and less waste (Sessions et
al. 2019). However, the effectiveness of biochar will depend
on various factors, including the quality of the biochar, the
soil type, and the specific crop being grown. Today, biochar
is considered a reliable method for mitigating climate change
and is predicted to retain carbon and reduce greenhouse
gas emissions from crop residue burning (Brassard et al.
2019). Biochar is a useful soil additive for combating
climate change because the pyrogenic carbon, also known
as carbon black, which is produced when the biochar is
partially burned transforms into a long-term carbon sink
with a relatively gradual chemical transformation (Luo et

Meenu Yadav et al.

al. 2022). Consequently, converting wheat and rice straw
into biochar and using it in agriculture could be a current
example of a climate-smart approach.

Rice and Wheat as Feedstocks and Their Physico-
chemical Properties

Paddy and wheat straws are agricultural residues that can be
used as a potential source of biomass for various applications
such as bioenergy, pulp and paper industries, and animal
feed (Cao et al. 2018). The physicochemical properties of
paddy-wheat straw can provide important insights into its
potential applications (Kalkhajeh et al. 2021). Here are some
of the physicochemical properties of paddy-wheat straw:
The moisture content of paddy-wheat straw can vary from
10% to 20%. High moisture content can affect its handling
and storage properties (Iftikhar et al. 2019). According to
Manna et al. (2020), the nitrogen content of paddy-wheat
straw ranges from 0.5% to 1.5%. The nitrogen content affects
the quality of the straw as animal feed. The lignin content of
paddy-wheat straw can vary from 15% to 25%. The lignin
content affects the quality of the straw as a pulp and paper
raw material (Rios-Badran et al. 2020). The cellulose content
of paddy-wheat straw ranges from 35% to 45%. The cellulose
content affects the quality of the straw as a raw material for
bioenergy production (Du et al. 2019). The hemicellulose
content of paddy-wheat straw ranges from 25% to 35%. The
hemicellulose content affects the quality of the straw as a
raw material for bioenergy production (Satlewal et al. 2018).
In Table 1 the physiochemical properties of rice and wheat
straw are described. Parameters include crop management,
soil type, agricultural variety, season, and other factors
that influence the nutrients in agricultural wastes. Under
ongoing fertilization procedures, the continuous removal
and burning of crop residues can result in net nitrogen losses,
increasing nutrient costs input in the short term and degrading
productivity and soil quality (Zhang et al. 2020).
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Fig. 1: Impacts of crop residue burning on environment, human health, and soil environment.
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Table 1: Physiochemical properties of rice and wheat straw.

Chemical Chemical composition Chemical composi-
component of rice straw (% on dry tion of wheat straw
matter basis) (% on dry matter

basis)

Total ash 15.6 7.9

‘Water content 54 4.6

Organic matter 44 48

Cellulose 37 43.42

Hemicellulose 24.5 29.48

Lignin 9 15

Silica (Si) 8 5.5

Crop Residue Burning in Haryana and Punjab

Since the beginning of the Green Revolution in the nation,
Punjab and the Haryana state have been actively involved in
the RWS cropping method (Sarkar et al. 2018). These two
small states account for around 69% of the government of
India’s entire food procurement, including about 54% of the
rice and 84% of the wheat, although possessing less than 3%
of the country’s total land area (Bhuvaneshwari et al. 2019).
Experts estimate that 90% of the rice crop is harvested by
combine harvesters and leftover residues are burned in the
Indian states of Punjab and Haryana, where emissions can
substantially affect regional air quality periodically. In 2017,
According to Sarkar et al. 2018 India produced 488 Mt of
total crop residue, of which 24% was burned in agricultural
areas. This led to emissions of 239 Gg of organic carbon
(0C), 58 Gg of elemental carbon (EC), and 824 Gg of
particulate matter (PM, 5). In addition, 211 Tg of greenhouse
gases (CO,, CH,, and N,0) comparable to CO, were
released into the atmosphere. Crop residue may also have
the potential to generate 120 TWh of electricity when used
in biomass power plants, which accounts for 10% of India’s
total energy output. The inability to store straw, the lack
of market demand for its future use, the high cost of labor,
and the farmers’ need to have their agricultural products
transported to grain markets and sold as soon as possible
make disposal particularly challenging. Because of this, the
agricultural residue is allowed to stay in the open field and is
subsequently burned (Kulkarni et al. 2020). This crop-based
biomass burning causes a massive cloud of smoke to cover
the whole of Haryana and Punjab states (Fig. 2), endangering
the quality of the soil, water, air, and environment as well as
human health, between October and November.

Stubble Burning Causes

Rice-wheat cropping system (RWS): One of the primary
causes of stubble burning in north India is the short period
between rice harvesting and wheat sowing. In this region crops
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are cultivated, wheat is usually sown in November, and rice
is often harvested in October (Jat et al. 2019). Farmers now
have a limited time to clear their fields from rice straw and
get it ready for wheat cultivation. Manual labor or the use of
bullock carts are two traditional ways to remove the straw,
both of which can be costly and time-consuming (Kumar et
al. 2019). Due to this, many farmers use stubble burning as a
quick and affordable means of clearing the fields and getting
the soil ready for the following crop (Biswakarma et al. 2021).

Scarcity of labor: In Punjab and Haryana, where farm sizes
are enormous and automated harvesters are frequently used,
labor expenses are extremely high (Khedwal et al. 2023).
Additionally, both in the states of Punjab and Haryana, there
has been a steady and significant rise in the area under paddy
cultivation. Therefore, the use of mechanical and electrical
power has increased as a result of the fact that human
and animal power cannot keep up with the rising demand
for labor. Additionally, the issue of stubble burning was
exacerbated by rising costs and a shortage of agricultural
labor (Shirsath et al. 2020). In the past, the majority of
laborers moved to the Haryana Punjab region from the states
of Bihar and UP. However, labor migration has decreased
over the past few years as a result of the MNREGA program’s
enormous success. As a result, they are leading to increased
dependency on combined harvesters (Dhaliwal et al. 2021).

Extensive use of heavy machinery: Due to its low labor
and time requirements, the use of combining harvesters has
significantly increased over the last few decades. Before now,
the waste straw bundles could be collected and removed from
the fields more easily thanks to the physical cutting of the
standing crop (Yadav et al. 2021). On the other hand, manual
paddy harvesting costs approximately three times as much
and needs 15-20 persons per acre. The combined harvesters,
on the other hand, work quickly and are significantly less
expensive, but they have a tendency to scatter the leftover
straw around the field (Dhaliwal et al. 2021). This makes
collecting it more time-consuming and expensive, which
encourages the farmer to burn it instead of collecting it.

Nutrient content of rice straw: The poor quality of rice
straw is another factor in the burning of crop residue. Due
to its poor palatability and low protein content (4%), high
lignin, cellulose, and silica content, paddy straw is not as
favored as wheat straw which also lowers milk production
in dairy animals (Yadav et al. 2022). Additionally, paddy
straw has a low dry matter digestibility, ranging from 42 to
48% in various cattle (Yan et al. 2019, Sharma et al. 2020).
Additionally, it was noted in a study by Chivenge et al.
(2020) that both rice and wheat crops use in-situ burning as
a method of soil preparation. In contrast to wheat residues,
rice residues are burned on a considerably bigger scale.
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Fig. 2: (A) Use of heavy machinery in fields by the farmers (B) Crop residues burning in open fields (C). Region of Punjab and Haryana burning
openly as captured by VIIRS during crop residue burning (D). Burning stubble in the Haryana-Punjab region has caused hazy smoke.

The Negative Environmental Impacts of Crop Residue
Burning

Depletion of air quality: The burning of crop residues
releases a range of pollutants into the atmosphere, including
particulate matter, carbon monoxide, nitrogen oxides, sulfur
dioxide, and volatile organic compounds. These pollutants
can have serious health impacts, particularly for people with
respiratory or cardiovascular conditions, and can contribute
to the formation of smog and other types of air pollution (Mor
etal. 2022). In paddy straw, over 70% of the carbon is emitted
as CO,, while 7 % and 0.66% in CO and CH,, respectively.
In addition, when straw is burned, 2.09% of the nitrogen
is released as N,O (Satlewal et al. 2018). These gases and
aerosols contain carbonaceous material, which could cause
acid deposition, an increase in tropospheric ozone, and the
thinning of the stratospheric ozone layer in a particular area
(Bhuvaneshwari et al. 2019). After carbon dioxide emissions,
black carbon emissions are the main cause of the current
global warming. Stubble-burning produced particulate matter
(PM2.5), which is exceedingly light, may stay in the air for
a very long time, cause smog, and move hundreds of miles
with the wind (Kulkarni et al. 2020).

Stubble burning contributes to emissions of harmful air
pollutants, which can cause severe impacts on human health.
For example, shortness of breath, coughing, eye irritation.
Old age people, kids, and pregnant women are the main
groups affected by irritation, asthma, bronchitis, and other
lung problems (Jain et al. 2014). Numerous investigations
have also revealed greater dangers for aplastic anemia, blood
cancer, bone marrow disorder, pancytopenia, vertigo, nausea,
drowsiness, and headache (Von et al. 2020).

Vol. 24, No. S1, 2025 ® Nature Environment and Pollution Technology

The release of carbon dioxide, methane, and other
greenhouse gases from burning crop residues contributes
to climate change, while the deposition of pollutants onto
land and water can damage ecosystems and harm wildlife.

Deterioration of soil health and fertility: Crop residue
burning can also have a significant negative impact on soil
health and fertility. When crop residues are burned, valuable
organic matter is lost, which can reduce soil fertility and
degrade the overall health of the soil (Dadhich et al. 2021).
Organic matter is an essential component of soil health, as it
provides nutrients, improves soil structure, and helps to retain
moisture. When crop residues are burned, this organic matter
is lost, reducing the availability of nutrients for plants and

Table 2: Emission of pollutants from rice and wheat residue burning in
India (Gg/year).

Air Pollutants Rice Wheat
PM, 5 418 264.57
PM,, 458.29 175.35
Sulfur dioxide 9.07 12.31
Carbon dioxide 5927554 5497427
Carbon monoxide 4683.64 861.38
Nitrous oxide (N,O) 24.17 22.76
Nitrous oxides (NOx) 114.82 52.30
Ammonia (NH;) 206.48 39.99
Organic carbon (OC) 150.58 8.92
Volatile organic compounds (VOC) 352.53 215.34
Elemental carbon (EC) 25.68 4.92
Polycyclic aromatic hydrocarbons (PAH) 0.026 0.04
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making it more difficult for soil to retain moisture (Bisen et
al. 2017). Stubble burning raises the soil temperature (33.8-
42.2 °C) up to lcm, influencing the soil ecology (Rathod et
al. 2019). Because of the increased soil temperature, 23—73%
of the soil’s nitrogen is eliminated in various forms, and the
population of helpful microorganisms decreases to a depth
of 2.5 cm. Total N and C are decreased in the 0-150 mm soil
layer by continuous burning. Burning the residue destroys
soil-beneficial micro-flora and fauna and removes a large
amount of the organic material, and decreasing the organic
matter in the fields (Turmel et al. 2015).

Loss of nutrients: When these residues are burned, these
nutrients are lost from the soil, reducing soil fertility and the
potential yield of future crops. Nitrogen is one of the most
important nutrients that can be lost due to stubble burning.
When crop residues are burned, nitrogen is released into the
atmosphere in the form of nitrogen oxides. This can lead to
a significant reduction in the amount of nitrogen available
for plant growth in the soil, which can result in reduced crop
yields and poorer soil health (Lin & Begho 2022). When
rice and wheat straw are burned, the carbon, nitrogen, and
sulfur it contains are completely burned off and lost to the
atmosphere. One ton of paddy residue contains 6.1 kg N,
0.8 kg P, and 11.4 kg K. Burning of paddy straw causes
intact loss of about 79.38 kg ha™' N, 183.71 kg ha™' P and
108.86 kg ha™' K (Dotaniya et al. 2013). The soil would have
been greatly improved if the stubble residues had been left in
the ground, mostly with organic carbon and nitrogen. These
nutrients must subsequently be replaced through expensive
organic or inorganic fertilizers.

Wheat-Paddy Biochar as an Ecological and Economical
Solution

Farmers use biochar, a carbon-rich, reliable, and long-lasting
substance, to enhance the health and quality of their soil.
Crop leftovers are thermally treated to produce biochar.
The thermal processes used to produce biochar include
pyrolysis, gasification, torrefaction, carbonization, and
combustion (Naeem et al. 2017). The most popular method
for producing biochar is pyrolysis because it is a quick and
efficient process. In a furnace, where oxygen-deficient
conditions may be produced, pyrolysis can be accomplished
(Manna et al. 2020). The use of biochar has shown promise
(Fig. 3) for enhancing soil carbon sequestration, boosting
agricultural production, cleaning up contaminated soil and
water, reducing greenhouse gas emissions, and minimizing
nutrient leaching (Singh et al. 2024).

A solution to waste management: The generation of
biochar provides us with a fantastic solution to the threat
posed by agriculture waste production. The large amounts
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of rice-wheat stubble produced in the northwest region of
India could potentially be pyrolyzed to generate biochar
as an effective alternative to burning stubble. This would
not only be economical but simultaneously beneficial
by making waste profitable. Additionally, biochar has
enormous potential for reducing greenhouse gas emissions
and mitigating climate change through carbon sequestration,
reduced waste biomass burning, clean bioenergy production,
and decreased methane and nitrous oxide emissions, enabling
the achievement of sustainable development goals.

Biochar as a soil amendment: Biochar is a great
soil conditioner because it has several advantageous
characteristics. The combination of a large surface area, high
carbon content, and the capacity to improve soil aeration
support and encourage the rhizospheric microbial community
to enhance soil fertility and health. The soil ability to retain
water is also improved by its application. The use of biochar
has also been linked to a decrease in nutrient leaching,
according to published research (Yadav et al. 2024). This
is a result of the increased soil cation exchange capacity,
which has a significant impact on slowing down the leaching
of nutrients. Additionally, biochar has an alkaline pH that
aids in neutralizing acidic soils and so helps to increase
plant yield.

Micronutrients (Cu, Zn, Fe, and Mn) and macronutrients
(P, K, N, Ca, and Mg) that are essential for productive
agriculture are also added by biochar. It may have a major
impact on nutrient retention and be essential for a variety of
biogeochemical processes in the soil, particularly nutrient
cycling. As a result, it can serve as a soil conditioner to

Table 3: Physiochemical properties of wheat and rice straw biochar.

Parameters Wheat Rice
straw straw
biochar biochar

Chemical properties

pH 8.1 8.7

Electrical Conductivity (dS m'l) 2.56 3.23

Cations Exchange Capacity (cmol kg™') 63 56

Nutrient composition

Organic Carbon (%) 66 63

Nitrogen (g kg ™) 16.2 16.6

Phosphorus (g kg’l) 42 30

Potassium (g kg ') 12.6 9.2

Iron (mg kg ™) 418 348

Calcium (mg kg ') 11.24 8.42

Manganese (mg kg’l) 186.66 152.42

Zinc (mg kg ) 92.48 69.5

Magnesium (mg kg ") 10.8 6.84
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promote plant growth more significantly, storing nutrients
as well as by performing other tasks like strengthening the
physical and biological characteristics of the soil (Brassard
et al. 2019) (Kamali et al. 2022). Due to its slow rate of
breakdown, it is also a great soil additive for storing carbon
and raising soil organic carbon (SOC) concentration.

Bioenergy from biochar: Depending on the temperature
at which the biomass is pyrolyzed, a varying amount of
biochar, bio-oil, and syngas are produced. Biomass that is
pyrolyzed quickly yields more bio-oil and less charcoal (Li
et al. 2022). The emissions (air pollutants) that are emitted
during the pyrolysis of biomass have the potential to be
trapped and condensed into bio-oil, a source of bioenergy.
The use of bio-oil as a substitute for fossil fuels would
result in decreased carbon emissions. It’s interesting to note
that some aspects of biochar may be improved to aid in
catalysis. Sulfonated biochar is an appropriate catalyst for the
production of biodiesel, according to a different study (Lee
etal. 2017). Gasification of biomass results in the production
of syngas. In such a procedure, tar reduction can improve
syngas output. As a result, biochar can be a fantastic tar
reduction catalyst. Several studies have employed biochar to
support the sulfonated solid acid catalyst in the manufacture
of biodiesel. Therefore, the synthesis of biochar could
encourage the development of both biofuel and bioenergy
(Yadav et al. 2023).

Biochar as bioremediation technology: Heavy metal
removal with biochar has been recognized as a promising
application. Among the aforementioned heavy metal cleanup
strategies, it has emerged as an incredibly affordable,
enormously potent, and enormously reliable solution (Yi
et al. 2020). Applying biochar is a great way to reduce the
bioavailability of contaminants in the soil. Even in arid and
semi-arid environments, biochar is a highly effective sorbent
and an innovative carbonaceous substance for eliminating
organic and inorganic pollutants, including heavy metals,
from the soil and water. Using maize as a test crop, a study
was done to examine the effects of biochar made from wheat
straw on the bioavailability of Pb, Cd, and Cr (Xie et al. 2015)
(Sizmur et al. 2016). The results showed that when data were
averaged over the contamination levels, soil Pb, Cd, and Cr
decreased from 15.5, 5.38, and 5.85 mg kg’1 in control to
1.34, 0.69, and 0.75 mg kg’l, respectively.

In addition, compared to the control, the Pb, Cd, and Cr
accumulation in the maize crop also decreased. In general,
it was determined that biochar made from wheat straw has
a high capacity to immobilize heavy metals in soil and lessen
their uptake by crop plants. Similar to that, biochar works
well for biologically cleaning up organic pollutants. In one
experiment, the effects of applying biochar to paddy straw
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on the coupled adsorption-biodegradation of the organic
pollutant nonylphenol were examined. Biochar derived
from rice straw was applied to the soil as the adsorbent. The
results showed that when 0.005 g biochar was introduced to
50 mg L™ of nonylphenol, roughly 47.6% of the nonylphenol
was biodegraded in two days, which was 125% more than
the relative amount biodegraded without biochar. The
nonylphenol components resistant to desorption, however,
reached 87.1% (Wang et al. 2020, Yang et al. 2021).

Role of Biochar in Carbon Stabilization

To effectively sequester carbon, biomass must resist
chemical oxidation into CO, or reduction into methane,
which results in a decrease in the atmospheric emission of
CO, or methane (Gupta et al. 2017). The partially burned
products, pyrogenic carbon/carbon black, have a very gradual
chemical change that makes them perfect for soil amendment
(Thompson et al. 2016). These partially burned products,
also known as pyrogenic carbon or black carbon, may serve
as a crucial long-term carbon sink because of how slowly
they decompose through microbial action and chemical
modification. The process of making carbon molecules
resistant to microbial decay, respiration, soil erosion, and
leaching is known as carbon stabilization. Biochar made
from wheat and paddy straw has high ash content, and an
alkaline pH, and nutrients including nitrogen, phosphorus,
manganese, iron, and zinc can be found in it (Chagas
et al. 2022). Be effectively employed to increase soil C
sequestration. Another study (Lee et al. 2017) looked into
the effects of rice straw and its biochar on labile soil C and
soil organic carbon (SOC). They found that adding straw to
soils increased the fraction of labile carbon, whereas adding
biochar to soils increased the quantity of stabilized carbon
(Aryl C, carboxyl C), indicating the importance of biochar’s
recalcitrance as a management tool for enhancing soil carbon
sink. Biochar have ability to sequester carbon is limited by
its recalcitrance, it was revealed in another study (Colomba
et al. 2022) that adding biochar encourages the physical
stabilization of organic matter of soil through aggregate
formation. Biochar production from agricultural waste,
such as wheat paddy straw, can be a low-cost alternative to
conventional burning for enhancing soil fertility, stabilizing
carbon, and eventually reducing GHG emissions (Majumder
et al. 2019).

CONCLUSION AND FUTURE ASPECTS

Despite numerous efforts, the problem of wheat-paddy
stubble burning has only somewhat decreased and has not
yet decreased to tolerable levels. Due to inadequate farmer
education regarding the effects of this practice on soil,
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Fig. 3: Environmental and agronomical advantages of biochar.

human, and animal health, it is illegal to burn crop leftovers.
Although farmers are aware of the negative effects of burning
paddy straw on a farm, they are limited by a lack of equipment
that is economically viable, appropriate, and can be used
to dispose of rice wastes. Although the government has
developed many strategies for the mechanical management
of wheat and paddy stubble, the farmers have not effectively
adopted them. Therefore, to manage wheat-paddy straw and
prevent losses, an appropriate management strategy must be
developed. On the other side, it might also be advantageous
to the environment. A particularly effective and beneficial
method of getting rid of the stubble and using biochar as a
soil amendment is the use of biochar as a strategy for the
management of crop residues. By educating farmers on how
to apply this strategy properly, the government should go in
this direction.

Farmers will be encouraged to adopt common farming
practices that result in pollution and the waste of potential
resources if organic recycling procedures and incentives
are promoted. Furthermore, rather than using tough legal
enforcement to restrict residue burning, the government
should promote and offer need-based support for alternative
measures. This is how, via cooperative efforts between
farmers and the government, a proper self-sustaining
environment may be attained.
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