
~ 383 ~ 

International Journal of Research in Agronomy 2025; 8(3): 383-385 

E-ISSN: 2618-0618 

P-ISSN: 2618-060X 

© Agronomy 

NAAS Rating: 5.20 

www.agronomyjournals.com 

2025; 8(3): 383-385 

Received: 13-01-2025 

Accepted: 21-02-2025 

Dr. Prashanthi Sandepogu  

Department Faculty of Botany, 

TSWRDC (W), Nirmal, Kakatiya 

University, Telangana, India 

Dr. Mamta J Patange 

Assistant Professor, 

Department of Agronomy, 

VNMKV, Parbhani, Maharashtra, 

India 

Ashutosh Srivastava  

Field Assistant, KVK-Pratapgarh, 

Uttar Pradesh, India 

Cenmichon Khodang  

Ph.D. Research Scholar, 

Department of Agricultural 

Economics, Kerala Agricultural 

University, Vellanikkara, Thrissur, 

Kerala, India 

Dr. Satwinderjit Kaur 

Associate Professor, Department of 

Soil Science, PAU-KVK, 

Gurdaspur, Punjab, India 

Khushboo Gupta 

Teaching Associate, 

Department of Processing and 

Agricultural Structure, Chandra 

Shekhar Azad University of 

Agriculture & Technology, 

Kanpur, Uttar Pradesh 

Dr. Santosh Kumar Vishwakarma 

Senior Scientist and Head, Krishi 

Vigyan Kendra Jamunabad, 

Lakhimpur Kheri, Uttar Pradesh, 

India 

Shubhendu Singh 

Ph.D. Research Scholar, 

Department of Agronomy, 

Banaras Hindu University, 

Varanasi, Uttar Pradesh, India 

Corresponding Author: 

Dr. Prashanthi Sandepogu  

Department Faculty of Botany, 

TSWRDC (W), Nirmal, Kakatiya 

University, Telangana, India 

Crop residue management: Balancing agricultural 

sustainability and environmental impact 

Prashanthi Sandepogu, Mamta J Patange, Ashutosh Srivastava, Cenmichon 

Khodang, Satwinderjit Kaur, Khushboo Gupta, Santosh Kumar 

Vishwakarma and Shubhendu Singh 

DOI: https://www.doi.org/10.33545/2618060X.2025.v8.i3e.2688 

Abstract
Crop residue management (CRM) is a pivotal component of modern agricultural systems, influencing both 
agricultural sustainability and environmental health. Crop residues, the byproducts of crop production, can 
either serve as a resource for enhancing soil health and productivity or become a source of environmental 
pollution if mismanaged. This paper provides an in-depth analysis of the challenges and opportunities 
associated with CRM, focusing on its impact on soil fertility, greenhouse gas emissions, air quality, and 
biodiversity. It evaluates various CRM practices, including residue retention, incorporation, mulching, 
composting, and bioenergy production, and discusses their implications for sustainable agriculture. The 
paper concludes with recommendations for integrated CRM strategies that balance agricultural productivity 
with environmental conservation, supported by a comprehensive review of recent literature. 

Keywords: Crop residue management (CRM), agricultural sustainability, environmental conservation, soil 
fertility and biodiversity 

1. Introduction
Crop residues, including stalks, leaves, husks, and roots, are an inevitable byproduct of 
agricultural production. Globally, crop residues are generated in vast quantities, with estimates 
suggesting annual production exceeds 3.5 billion tons (Lal, 2005) [1]. Traditionally viewed as 
waste, these residues are increasingly recognized as a valuable resource for enhancing soil 
health, reducing erosion, and contributing to sustainable farming systems. However, improper 
management of crop residues, such as open burning or excessive removal, can lead to significant 
environmental degradation, including air pollution, soil nutrient depletion, and increased 
greenhouse gas emissions. 
As global agricultural systems face the dual challenges of feeding a growing population and 
mitigating climate change, effective CRM has emerged as a key strategy for achieving 
sustainable development goals. This paper examines the role of CRM in balancing agricultural 
sustainability and environmental impact (fig. 1). It highlights the benefits and drawbacks of 
current CRM practices and proposes integrated approaches to optimize residue utilization while 
minimizing negative environmental consequences. 
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Fig 1: Crop residue management: balancing agricultural sustainability and environmental impact 

2. The Role of Crop Residues in Agricultural Systems  

Crop residues are a vital component of agroecosystems, 

contributing to soil health, water conservation, and nutrient 

cycling. Their role in sustainable agriculture can be understood 

through the following key benefits: 

 

2.1 Soil Fertility Enhancement 

Crop residues decompose to release organic matter, which 

improves soil structure, water retention, and nutrient availability. 

The incorporation of residues into the soil increases soil organic 

carbon (SOC), which is critical for maintaining soil fertility and 

productivity (Blanco-Canqui & Lal, 2009) [2]. Residues also act 

as a slow-release fertilizer, providing essential nutrients such as 

nitrogen, phosphorus, and potassium as they decompose (Kumar 

& Goh, 1999) [3]. 

 

2.2 Erosion Control 

Residue cover on the soil surface reduces soil erosion by wind 

and water. This protective layer minimizes the impact of 

raindrops, slows surface runoff, and prevents the detachment 

and transport of soil particles (Blanco-Canqui et al., 2013) [4]. In 

regions prone to erosion, such as sloping lands and arid areas, 

residue retention is particularly effective in maintaining soil 

integrity and productivity. 

 

2.3 Carbon Sequestration 

Incorporating crop residues into the soil enhances carbon 

storage, mitigating climate change. Residues contribute to the 

formation of stable soil organic matter, which sequesters carbon 

for long periods (Lal, 2005) [1]. This process not only reduces 

atmospheric CO2 levels but also improves soil health and 

resilience. 

 

2.4 Biodiversity Support 

Crop residues provide habitat and food for soil microorganisms 

and fauna, promoting ecosystem resilience. The decomposition 

of residues supports a diverse microbial community, which plays 

a crucial role in nutrient cycling and organic matter 

decomposition (Bastida et al., 2008) [5]. Additionally, residues 

offer shelter for beneficial insects and other organisms that 

contribute to pest control and pollination. 

Despite these benefits, the mismanagement of crop residues, 

particularly through open burning, has significant environmental 

consequences, including air pollution, loss of nutrients, and 

contributions to global warming. 

 

3. Environmental Impacts of Crop Residue Mismanagement 

The improper handling of crop residues poses several 

environmental challenges: 

 

3.1 Air Pollution 

Open burning of residues is a common practice in many regions, 

particularly in developing countries. This practice releases large 

quantities of particulate matter (PM2.5 and PM10), carbon 

monoxide (CO), volatile organic compounds (VOCs), and other 

pollutants into the atmosphere (Gupta et al., 2004) [6]. These 

emissions contribute to respiratory diseases, smog formation, 

and reduced visibility, posing significant public health risks. 

 

3.2 Greenhouse Gas Emissions 

Burning crop residues releases carbon dioxide (CO2), methane 

(CH4), and nitrous oxide (N2O), all of which are potent 

greenhouse gases (Singh et al., 2014) [7]. The combustion of
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residues also destroys organic matter that could otherwise 

contribute to soil carbon sequestration, exacerbating climate 

change. 

 

3.3 Soil Degradation 

Removing or burning residues depletes soil organic matter, 

reducing fertility and long-term productivity. The loss of organic 

matter leads to soil compaction, reduced water infiltration, and 

increased susceptibility to erosion (Blanco-Canqui & Lal, 2009) 

[2]. Over time, this degradation can render agricultural lands less 

productive and more vulnerable to extreme weather events. 

 

3.4 Water Pollution 

Residue runoff can carry pesticides and fertilizers into water 

bodies, causing eutrophication and harming aquatic ecosystems. 

The accumulation of nutrients such as nitrogen and phosphorus 

in water bodies leads to algal blooms, oxygen depletion, and the 

death of aquatic organisms (Carpenter et al., 1998) [8]. 

 

4. Crop Residue Management Practices 

Effective CRM requires a combination of practices tailored to 

local conditions. Key strategies include: 

 

4.1 Residue Retention and Mulching 

Leaving residues on the field as mulch conserves soil moisture, 

suppresses weeds, and enhances soil organic matter. Mulching is 

particularly beneficial in conservation agriculture systems, 

where it complements practices such as zero tillage and crop 

rotation (Kassam et al., 2009) [9]. 

 

4.2 Residue Incorporation 

Ploughing residues into the soil accelerates decomposition, 

releasing nutrients and improving soil structure. However, 

excessive incorporation can lead to nitrogen immobilization, 

where microorganisms temporarily lock up nitrogen, making it 

unavailable to plants. 

 

4.3 Bioenergy Production 

Crop residues can be converted into biofuels, biogas, or biochar, 

providing renewable energy while reducing reliance on fossil 

fuels. Biochar, a carbon-rich product of pyrolysis, offers 

additional benefits for soil health and carbon sequestration 

(Lehmann et al., 2011) [10]. 

 

4.4 Composting 

Composting residues with other organic waste produces 

nutrient-rich organic fertilizer, reducing the need for synthetic 

inputs and promoting circular agriculture (Bernal et al., 2009) 

[11]. 

 

4.5 Livestock Feed 

In some regions, crop residues are used as fodder for livestock, 

providing an additional income stream for farmers while 

reducing waste (Giller et al., 2021) [12]. 

 

5. Challenges in Crop Residue Management 

Despite the availability of various CRM practices, several 

barriers hinder their widespread adoption: 

 

5.1 Lack of Awareness and Knowledge 

Many farmers are unaware of the benefits of alternative CRM 

practices or lack the technical know-how to implement them (Jat 

et al., 2020) [13]. 

 

5.2 Economic Constraints 

The cost of machinery for residue incorporation or bioenergy 

production can be prohibitive for smallholder farmers (Singh 

and Sidhu, 2014) [14]. 

 

5.3 Policy and Institutional Gaps 

Inadequate policies and incentives for sustainable CRM limit its 

adoption (Ali Mekouar, 2017) [15]. 

 

5.4 Regional Variability 

The effectiveness of CRM practices varies depending on 

climate, soil type, and cropping systems, necessitating context-

specific solutions (Blanco-Canqui et al., 2013) [4]. 

 

6. Integrated Approaches to Crop Residue Management 

To address these challenges, integrated CRM strategies are 

needed, combining technological, economic, and policy 

intervention (fig. 2) as: 

 

 
 

Fig. 2: Integrated Approaches to Crop Residue Management 

 

6.1 Promoting Conservation Agriculture 

Encouraging practices such as zero tillage, crop rotation, and 

residue retention can enhance sustainability (Kassam et al., 

2009) [9]. 

 

6.2 Subsidies and Incentives 

Governments should provide financial support for the adoption 

of sustainable CRM practices and technologies (Singh and 

Sidhu, 2014) [14]. 

 

6.3 Capacity Building 

Training programs and extension services can equip farmers 

with the knowledge and skills needed for effective CRM (Jat et 

al., 2020) [13]. 

 

6.4 Research and Innovation 

Investing in research to develop cost-effective and region-

specific CRM technologies is essential (Blanco-Canqui et al., 

2013) [4]. 

 

6.5 Policy Frameworks 

Strengthening policies to regulate residue burning and promote 

sustainable practices is critical for long-term impact (FAO, 

2017) [15]. 
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7. Conclusion 
Crop residue management is a cornerstone of sustainable 
agriculture, offering significant benefits for soil health, climate 
mitigation, and environmental conservation. However, the 
mismanagement of residues poses serious environmental risks, 
underscoring the need for integrated and context-specific 
solutions. By adopting a holistic approach that combines 
technological innovation, policy support, and farmer 
engagement, it is possible to balance agricultural productivity 
with environmental sustainability. Effective CRM not only 
enhances farm resilience but also contributes to global efforts to 
combat climate change and preserve natural resources for future 
generations. 
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