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ABSTRACT 

Paddy straw is the vegetative part of rice plant which is left behind after harvesting the 

grains. It is the most abundant lignocellulosic waste material amounting to 731 million 

tons/year. Management of paddy straw remains a challenge in Asia where more rice is 

grown each year to meet rising hunger demands. The widespread burning of paddy 

straw in the open air is a major factor causing air pollution that is associated with a 

number of health issues. Researchers, engineers, and entrepreneurs are developing a 

range of possible solutions that turn paddy straw into a commodity with the help of 

which sustainable value chains can be built to benefit the environment. This waste to 

wealth approach can prove beneficial in the coming time. This review paper presents an 

overview of some efficient paddy straw management practices for the benefit of 

mankind and sustainable agriculture.   
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1. INTRODUCTION 

Rice (Oryza sativa L.) is the primary staple food for more than half of the world’s 

population. It is believed that rice is the first cultivated crop in the world. 90-95% of the 

total rice produced in the world is in Asia (Arunakumara et al., 2013; Rathna Priya et 

al., 2019). Rice, wheat, and maize are the world’s three leading food crops and together 

constitute 51% of total calories consumed (Madhukar, 2022). Rice is one of the most 
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widely consumed grains in the world. China ranks first and India ranks second in rice 

consumption worldwide (Shahbandeh, 2022). The global rice production in the year 

2021-2022 is mentioned as 509.87 million tons, 2.63 million tons more than the 

previous year 2020-2021 ("Production volume of milled rice worldwide 2021/22, 

Statista", 2022). Total production of rice in India during 2020-21 is estimated to be 

121.46 million tonnes. It is higher by 9.01 million tonnes than the last five years’ 

average production of 112.44 million tonnes (Ministry of Agriculture & Farmers 

Welfare, 2021). West Bengal is the largest rice producing state accounting for about 

13.95% of total rice output in the country followed by Uttar Pradesh (13.75 million 

tonnes) and Punjab (12 million tonnes) competing for the second and third position, 

respectively. Tamil Nadu, Andhra Pradesh, Bihar, Chhattisgarh, Odisha, Assam and 

Kerala are the other major rice producing states in India (TractorGuru, 2021). 

 

2. OVERVIEW OF PADDY MANAGEMENT OPTIONS 

Globally, 731 million tons (MT) of paddy straw is produced, while India contributes 

around 126.6 million tons. 60% of the lignocellulosic waste is burnt in open air in most 

parts of the country as a compulsion. This leads to an increase in the greenhouse gases 

emission of 7300 kg CO2-equivalent/hectare (Bhattacharyya et al., 2021). The large 

amount of straw left spread out in the field is highly unprofitable. The infield options 

adopted by the farmers after harvesting the grains are burning, incorporation, mulching, 

manual collection etc. These processes are cumbersome and also cause pollution. For 

reducing the time and labour cost farmers adopts the options of open field burning or pile 

burning, which is majorly responsible for the emission of greenhouse gases (Abdurrahman 

et al., 2020). In addition, it is also responsible for soil infertility and nutrient imbalance 

(AMK, 2020). Therefore, it has become important to explore sustainable solutions and 

implement them effectively. There are many economically viable options available such as 

biochar production, mushroom production, microbial degradation, bio decomposer etc. In 

the next section, we will be discussing some of these options. 

2.1. Production of Biochar  

Biochar is a pyrolyzed biomass prepared by vegetative waste such as paddy straw under 

limited anaerobic conditions. Biochar is marked as a promising sorbent material for 
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reducing the bioavailability of heavy metals (Shahin, 2018). Extensive studies are being 

carried out on the sustainable potential of biochar in the reduction of bioavailability or 

movement of heavy metals in the soil (Haider et al., 2022). Biochar reduces the 

mobility of heavy metals or ions in the soil through various mechanisms such as cation 

exchange, precipitation, complexation or physical adsorption etc. (Ambaye et al., 2020). 

In the latest studies bioremediation of lead, zinc and copper adsorption are mentioned, 

but a common problem mentioned in all the studies was that the pyrolysis temperature 

influences the properties of biochar. Biochar were prepared at different temperatures i.e. 

300 
0
C, 500 

0
C, 700 

0
C in a study conducted in China and it was concluded that the 

biochars produced at higher temperatures had high alkaline value and was effective in 

immobilizing the heavy metal especially lead, which is present in higher amount in 

contaminated soil (Shen et al., 2019). 

At higher temperatures, the volatile, organic matter, and functional groups are 

decreased while aromatic carbon content is increased. The loss of functional group 

leads to an increase in the biochar’s total pH value which plays a crucial role in the 

adsorption of inorganic contaminants. It was also observed that the surface area of the 

biochar increased as the carbonization temperature increased (Shahin, 2018). However, 

producing biochars at different carbonization temperatures is an energy-intensive 

process. Hydrothermal carbonization is a low-energy alternative for transforming 

lignocellulosic waste into solid, liquid, or gaseous products (Czerwińska et al., 2022). It 

is a thermochemical process that is used in the conversion of biomass and organic 

waste. Biochar is porous and economical and has a broad range of applications, 

including water and air purification, soil amendment, catalyst etc. (Sakhiya et al., 2021). 

2.2. Bio-energy Production 

In the era defined by energy dearth and the increasing fossil fuel demand and prices, 

alternative renewable sources of energy have to be marked in order to meet the 

continuously rising demand. Paddy straw is considered a potential candidate for 

bioenergy production. Bioethanol is used as alternative energy for fuel, making it a 

promising candidate for sustainable energy. Out of all the liquid fuels that can be 

produced from paddy straw, bioethanol is more desirable because of its higher octane 

number. But there are some limitations in the process of converting paddy straw to 
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bioethanol. For converting paddy straw lignocellulose to ethanol, pre-treatment is 

required that involves physical as well as chemical processes. For ethanol production, 

the next step is the enzymatic hydrolysis of paddy straw rich in lignocellulosic waste 

material (i.e. xylose). Hence, xylose fermenting microorganisms are required to achieve 

efficient ethanol production (Komesu et al., 2020). Fungus Mucor circinelloides is a 

mutant used for ethanol production. It not only ferments glucose, but also xylose as well 

as N-acetyl glucosamine. The strain is also known as ethanol-producing fungus. It is 

able to secrete cellulase (endo-β-glucanase, cellobiohydrolase, β-glucosidase) and 

xylanase (endo-β-xylanase, β-xylosidase) and can directly grow on polysaccharides. 

Furthermore, it has tolerance for fermentation inhibitors such as furfural and 5-HMF 

produced by pre-treatment with high temperature and pressure (Takano & Hoshino, 

2018). Trichoderma viride and Phanerochaete chrysosporium are the two other 

promising fungal strains for the successful degradation of the straw and ethanol 

production (Chen et al., 2019).  

2.3. Production of Syngas 

The mixture of hydrogen (H2) and carbon monoxide (CO) is known as syngas. It is 

popularly called synthesis gas and is a product of coal gasification (Maguyon-Detras et 

al., 2019). Coal being a highly exploited fossil fuel, is not a viable option to produce 

syngas. Therefore, recent studies are now focussed on the production of syngas from 

paddy straw in carbon dioxide (CO2) mediated environment. The anthropogenic CO2 

emitted by fossil fuels can be used for the production of synthesis gas. The power 

generation from this alternative significantly contributes to the mitigation of greenhouse 

gas emissions and biomass waste production (Jung et al., 2020).  

2.4. Production of Silica Nanoparticle 

Paddy straw has an abundant content of silica (10-15%) that can be extracted. Water-

soluble silicic acid is polymerized into polysilicic acid that is precipitated and deposited on 

the outer cell wall as amorphous silica (Van Soest, 2006). Silica can be extracted by various 

methods such as hydrolysis of paddy straw by microbes (Wattanasiriwech  et al., 2010) or 

alkaline pretreatment of paddy straw with hydrogen peroxide/potassium hydroxide (Talib et 

al., 2018; Nandiyanto et al., 2016). The silica nanoparticles obtained from paddy straw 
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using simple extraction method are stable and can be used in composite material, 

biotechnology related material, environment treatment components etc. (Uda et al., 2020). 

2.5.  Microbial Degradation of Rice Straw 

Lignocellulosic content of rice straw is composed of three types of polymers - cellulose, 

hemicellulose and lignin. Different non-covalent forces and covalent cross-linkages 

make it difficult for soil microorganisms to digest it. There are reports of a variety of 

bacterial strains that degrade lignin and cellulose. The strains include Bacillus, 

Pseudomonas, and Acintobacteria, Clostridium. These micro-organisms can digest 

different cross-linkages and thus can digest lignin and cellulose (Xu et al., 2021). 

Recently, Indian Agriculture Research Institute (IARI) introduced ‘PUSA decomposer’. 

These are the microbial capsules having seven fungal strains which can be used to 

degrade rice crop residue such as paddy straw. The effect of the bio-decomposer was first 

observed in the field of Najafgarh block in Delhi, India. It has been asserted that only four 

capsules are required to turn a hectare of farm waste into usable compost (Zaidi, 2021). 

The decomposition capsules have no side effects as they contain eco-friendly fungi and 

also they are inexpensive. It involves preparing a liquid formulation using decomposer 

capsules and fermenting it over 8-10 days. Thereafter, the mixture is sprayed on fields 

having crop stubble to ensure speedy bio-decomposition of the stubble.  

2.6. Government Intervention for Efficient Paddy Straw Management 

Open-field crop burning is hazardous to the environment and hence the Government of 

India has taken some steps to stop the burning process. Some of the laws introduced are 

a) The Section 144 of Civil Procedure Code (CPC) to ban the burning of rice crops; b) 

The Air Prevention and Control of Pollution Act, 1981; c) The Environment Protection 

Act, 1986; d) The National Tribunal Act, 1995; and e) The National Environment 

Appellate Authority Act, 1997. Not only the central government but the state government 

of Rajasthan, Uttar Pradesh, Haryana, and Punjab have also implored the National Green 

Tribunal (NGT) to limit the crop residue burning and also to spread awareness among the 

farmers to stop crop burning. The government also introduced biogas plants in villages 

and introduced bio compost methods. Several schemes such as The Rashtriya Krishi 

Vikas Yojana (RKVY), the State Plan Scheme of Additional Central Assistance proposed 
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by the Government have played a crucial role in reducing crop burning practices in India. 

Recently Ministry of Agriculture established a program called the National Policy for 

Management of Crop Residue (NPMCR) which keeps a track of crop residue through the 

National Remote Sensing Agency (NRSA) (Zaidi, 2021). 

 

3. CONCLUSION  

This review article focuses on some of the sustainable techniques to manage paddy 

straw to prevent air pollution. Steady deterioration of air quality has been recorded in 

recent years which is a matter of grave concern. Farmers in India tend to burn crops due 

to the fact that it’s inexpensive, time friendly, and less strenuous. The management of 

crop waste is a huge task in India and other Asian countries. The technologies 

mentioned above can be potential solutions to manage the rice straw. The Indian 

Agricultural Research Institute (IARI) is constantly promoting research and various 

innovative measures to manage crop residue. Central and state government should take 

a step forward in laying blueprints on how these technologies can be set up and 

implemented. This waste-to-wealth approach can prove to be beneficial for the farmers 

as well as the environment. 
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