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PESTICIDE-FREE CROP PRODUCTION AND CLIMATE-SMART AGRICULTURE IN DEVELOPING COUNTRIES: A REVIEW OF PRACTICES, CHALLENGES AND PROSPECTS
Abstract
This study synthesizes existing research and initiatives on pesticide-free agriculture and climate-smart agriculture (CSA) in developing countries and nexus between the two approaches. Through a comprehensive review, we analysed the principles, practices, impacts, methodologies, implementation challenges, and future potential of these sustainable farming approaches. The study employs a narrative review of documents which include peer reviewed articles from Google scholars and reports of organizations on pesticide-free crop production, climate-smart agricultural practices and the nexus between the two. The review covers a period of 2017 to 2024. The findings highlight the critical need for adopting pesticide-free and CSA practices to address pressing environmental and food security concerns. It also identified significant barriers including financial constraints, technical capacity gaps, educational limitations, input availability, and land tenure issues. Despite these challenges, developing nations are actively pursuing solutions through international climate financing mechanisms like the Green Climate Fund, alongside domestic commitments such as public-private partnership. The review underscores the urgency of implementing pesticide-free and CSA strategies to simultaneously enhance environmental quality, public health, agricultural sustainability, and climate change mitigation through reduced greenhouse gas emissions. This is because of the nexus between the two approaches in terms of their practices and benefits derived from them. It was found out that pesticide-free agriculture is a subset of climate-smart agriculture, as both aim at sustainability in agricultural production, reduced gas emissions, and climate resilience. And adopting pesticide-free methods, farmers contribute to CSA goals, creating a synergistic approach for a sustainable food system. To realize these benefits of these two approaches, the study recommend a multi-stakeholder approach involving: strengthening extension services to bridge knowledge gaps between researchers and farmers; full engagement of all relevant actors across the agricultural value chain; enhanced farmer education and capacity building programmes, and improved access to necessary agricultural inputs. This collaborative framework is essential for overcoming existing barriers and accelerating the transition to sustainable agricultural systems in developing country contexts.
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Introduction  
The practice of pesticide-free agriculture in developing countries is increasingly seen not just as an alternative but as a viable pathway for sustainable food systems. The growing demand for organic food highlights the need for pesticide-free crop production, which benefits farmers, marketers, and consumers. Conventional agricultural practices, including pesticide use, contribute to land degradation, water pollution, biodiversity loss, and climate change (Stehle & Schulz, 2021). Again, despite advances in agricultural productivity, nearly a billion people still suffer from chronic malnutrition, underscoring the urgency of sustainable food production (Stehle & Schulz, 2021). To meet future food security and environmental goals, agricultural systems must increase output while minimizing ecological harm (Bezner et al., 2021). The transition is socio-technical. It requires innovations in social organization and market access. It also demands innovations in farm-level practices. Pesticide-free farming is often proposed as a sustainable alternative to conventional agriculture, but currently it occupies only a small fraction of global farmland. However, success in pesticide-free agriculture hinges on participatory knowledge, supportive policies that subsidize transition and ecosystem services. There is also the need for strengthening the value chains of pesticide-free produce. 
 Pesticide-free farming currently represents 1.5% of agricultural land, but it is worthy to note that its adoption is expanding rapidly. Between 2000 and 2015, organic farming grew from 15 million hectares to 51 million hectares. And in recent time it is estimated to reach over 73 million hectares by (Seufert et al., 2022). The rising consumer demand for pesticide-free products is driven by concerns over nutrition, farmworker safety, and environmental sustainability. Policy initiatives, such as the EU’s Farm to Fork Strategy, further support this transition (Moschitz et al., 2020). Research continues to assess the productivity trade-offs and benefits of pesticide-free agriculture in different contexts. Closely related principle to pesticide free crop production is climate-smart agriculture. 
Climate-smart agriculture (CSA) represents an integrated approach to managing croplands and agricultural systems to address the interconnected challenges of climate change and food security (Lipper, McCarthy, Zilberman, Asfaw, & Branca, 2021). This approach is particularly critical for mitigating the adverse effects of climate change. It reduces global malnutrition, especially in developing countries (IPCC, 2022). CSA transforms agricultural practices by incorporating climate adaptation and mitigation strategies. It is built upon existing sustainable principles. CSA introduces innovative techniques that are tailored towards changing environmental conditions (Zougmoré, Partey, Ouédraogo, Torquebiau, & Campbell, 2020). Unlike conventional agriculture, CSA systematically addresses climate impacts on food systems and balance trade-offs between productivity, resilience, and greenhouse gas (GHG) reduction (Partey, Zougmoré, Ouédraogo, & Campbell, 2021).  
CSA encompasses a diverse set of practices designed for specific agro ecological and socioeconomic contexts (Wollenberg, Campbell, Holmgren, Seymour, Sibanda, & von Braun (2021). The fundamental strategies include climate-resilient crop varieties, conservation agriculture, agroforestry, precision farming, and improved water management. These methods enhance productivity and reduce emissions and at the same time strengthen resilience against climate variability (Aryal, Sapkota, Rahut, & Jat (2020). Smallholder farmers contribute significantly to agricultural emissions and they are also vulnerable to climate shocks due to their reliance on rain-fed systems (Tesfaye, Gbegbelegbe, Cairns, Shiferaw, Prasanna & Robertson, 2021). Therefore, implementing CSA in these contexts requires careful planning to optimize synergies between its three pillars: sustainable production, adaptation, and mitigation.  
While the CSA framework is still evolving, many of its component practices are already widely adopted by farmers to manage production risks (Partey, Zougmoré, Ouédraogo & Campbell, 2021). For instance, conservation agriculture techniques such as minimum tillage and cover cropping have proven effective in enhancing soil health and water retention. Similarly, agroforestry systems integrate trees with crops and thereby, improving carbon sequestration and diversifying farm income (Mbow, Rosenzweig, Barioni, Benton, Herrero &, Xu, 2020). However, scaling up CSA requires addressing knowledge gaps, financial constraints, and policy barriers that hinder widespread adoption, particularly among resource-limited smallholders (Totin, Segnon, Schut, Affognon, Zougmoré & Rosenstock, 2022).  
The future of CSA depends on continued innovation and inclusive policy support (Campbell et al., 2021). For instance, emerging technologies, such as climate-smart digital tools and drought-resistant seed systems, offer new opportunities to enhance resilience. Another way to promote CSA is participatory approach that engage farmers in co-developing CSA practices. This would improve local relevance and adoption rates (Singh, Singh & Kumar (2021; (Kumar & Singh, 2023). By integrating scientific research, policy incentives, and farmer knowledge, CSA can play a pivotal role in building sustainable food systems under a changing climate. 
Although, various research works have been carried out on these critical topics (pesticide-free crop production and climate-smart agriculture). But none has ever treated these two topics in one integrated paper. They were often discussed separately. This research brings together the two topics within a single integrated review framework. The articles focuses on developing countries which are most vulnerable regions to climate change, food insecurity and environmental degradation. Therefore, this work fills a relevant research and policy gap. The section on the nexus between Pesticide-Free Agriculture and Climate-Smart Agriculture (CSA) in Developing Nations promotes comprehensive and interdisciplinary perspectives in research on the sustainability of agriculture. This paper is therefore structured as follows: Pesticide-Free Agriculture in Developing Countries, Development of Climate-Smart Agriculture (CSA) in Developing Nations: advancements, Challenges, and Prospects  and Nexus between Pesticide-Free and Climate-Smart Agriculture. 
Extreme weather events, such as droughts and erratic rainfall, threaten crop production, particularly in developing nations. And this might made it impossible for these nations to meet the food demand of their teeming population (IPCC, 2022).  Feeding a projected global population of 9.8 billion by 2050 requires a 70% increase in agricultural output (United Nations, 2022). However, climate change is expected to reduce cereal yields by 1-7% by 2060, with sub-Saharan Africa facing the most severe impacts (Zabel, Delzeit, Schneider, Seppelt, Mauser, Václavík, 2019). These challenges necessitate the adoption of sustainable farming practices like CSA to ensure long-term food security. Without intervention, climate change could render vast agricultural lands unsuitable for cultivation, exacerbating food shortages in vulnerable regions like developing countries. In the light of this, the objectives of this study include to: review pesticide-free agriculture practices in developing countries, climate-smart agricultural practices in developing countries, examine the challenges and barriers to adoption and prospects of these two approaches and nexus between pesticide-free agriculture and climate-smart agriculture and make policy recommendations.    
Justification
The review synthesizes existing evidence on benefits, challenges and barriers to adoption, offering valuable insights for researchers, policy makers and development practitioners working on sustainable agriculture. The findings would guide policymakers in promoting sustainable farming systems that balance productivity with environmental conservation. Market and Policy Drivers will benefit from this study in formulating national initiatives programmes on alternative nutrients, and organic transition. Economic incentives are created concurrently by rising domestic middle-class markets for organic products and export demand. By enhancing soil health, biodiversity, and resource efficiency, these systems can reduce greenhouse gas emissions and ensure food security. 
Methodology  
The study employs a narrative review of documents to synthesize existing research and policy recommendations. This study reviewed studies on pesticide-free crop production, climate-smart agricultural practices and the nexus between the two. The scope of the documents selected for the review covers 2017 to 2024. The documents include peer reviewed articles from Google scholars and reports of organizations. 
 Pesticide-Free Agriculture Practices in Developing Countries
Agricultural Development Agencies have not found it easy to increase pesticide-free farming in the developing world. Pesticide-free farming has become important, because it is a response to concerns about farmer’s health and the degrading environment. It also solves the problem of pesticide resistant variety of crop. Availability of market opportunities for safer food, practices like agro-ecology, integrated pest management (IPM), and organic production methods have aided the adoption pesticide-free crop production. As a result of these, pesticide-free crop production have moved from niche solutions to become agenda items of major policy makers. The main practices and innovations include the following: 
 (i) Agro-ecological Scaling: Here we witness an important shift from input substitution to whole-system redesign. Some of these are being promoted in East Africa and South Asia as habitat manipulation approaches. This is carried out through practices such as flower strips; to enhance pest predators, and push-pull poly cultures (to reduce the incidence of pests). This enhances soil health through compost and green manures as strategy for building resilience and promoting natural suppression of pest species (Wezel et al., 2020; UNEP-UNCTAD, 2023).
(ii) Bio-controls:  A low-cost farmer-prepared bio-control agents are gaining popularity. Typical illustrations of this include the extensive use of Trichoderma fungi to control soil-borne diseases in India and Vietnam and supplementary releases of predatory mites into greenhouse systems in Kenya (Pretty & Bharucha, 2014; Datt et al., 2022).
(iii) Integrated Pest Management (IPM) and Digital Tools: Traditional knowledge and digital technologies are increasingly being combined. Smartphone apps are used by farmers in Bangladesh and Burkina Faso to identify pests and obtain threshold-based guidance that minimizes needless spraying (FAO, 2021). However, digital access is still unreliable in some cases.
Benefits of this principle include; reduced farmer poisoning incidents, lowered production costs after initial transition, increased farm biodiversity, and stable yields in many systems. A 2022 meta-analysis in Southeast Asia shows that agro-ecological practices could maintain yields while improving profitability and soil organic carbon (Sharma & Singh, 2022).
Challenges of pesticide free crop production include; inaccessible and context-specific extension services which are necessary to transition away from pesticides. The extension services are frequently underfunded and it requires an intensive knowledge of the transition process. The land-to-labour ratio is an issue. This is because crop production in developing countries are often on small scale and dispersed landholdings. Some tasks, such as meticulous crop rotation or manual weeding, may be more labour-intensive or challenging. Again, there are constraints of infrastructure and input access. There are problems of access to high-quality non-chemical inputs. For instance, bio-pesticides, resistant seeds, and equitable market infrastructure for differentiated produce remain hurdles. Increasing climate variability also poses new pest outbreaks, testing the adaptive capacity of pesticide-free systems (Sharma & Singh, 2022). 
In developing nations, pesticide-free farming is becoming more widely acknowledged as a realistic route toward sustainable food systems as well as an alternative. However, for successful implementation of pesticide-free agriculture, the development of value chains for pesticide-free products, provision of supportive policies for financing transition and participatory knowledge are critical. The shift is socio-technical, requiring advancements in market access and social structure and agricultural methods.
The Development of Climate-Smart Agriculture (CSA) in Developing Nations: Advancements, Challenges, and Prospects
Climate change represents the most tenacious environmental and socioeconomic challenge of our era. Developing nations, particularly those in sub-Saharan Africa, face disproportionate impacts of climate change (Collins, Gideon, Okechukwu, & Abiodun, 2022). The region's substantial reliance on rain-fed agriculture makes it highly vulnerable to climatic shifts, threatening food security and economic stability. Studies have projected that high-warming scenarios could reduce GDP per capita in Eastern and Western Africa by 15% by 2050 (African Development Bank, 2022). Already, 29% of sub-Saharan Africa's population experiences food insecurity, exacerbated by climate-induced agricultural losses (Statista, 2022). These challenges emphasize the urgent need for adaptive strategies that safeguard livelihoods and at the same address environmental sustainability.  
The agricultural sector contributes 33% of Africa's GDP, but it is facing existential threats from climate variability (Chandra, McNamara & Dargusch, 2021). Smallholder farmers, who dominate the agricultural landscape, are especially vulnerable due to limited adaptive capacity and resource constraints (Tesfaye et al., 2021). African nations have committed to climate action through the Paris Agreement, but implementation gaps persist. Research indicates that farmers adopting climate-smart practices achieve 33.6% higher productivity than non-adopters (Rashad & Mendelson, 2021). This demonstrates the tangible benefits of climate-resilient approaches. However, widespread adoption requires addressing systemic barriers including poverty, knowledge gaps, and inadequate infrastructure (Rashad & Mendelson, 2021).  
Small-scale farms play a pivotal role in climate mitigation. But they face unique challenges in adopting climate-smart agriculture (CSA) (Aryal et al., 2021). The lack facilities such irrigation schemes. Irrigation development projects alone could benefit 113-329 million rural Africans. It equally generate $14-22 billion annually (Xie, You, Wielgosz & Ringler, 2021). However, adoption rates remain low due to high investment costs of CSA projects, labour intensiveness, and uncertain returns (Mutenje, Farnworth, Stirling, Thierfelder, Mupangwa & Nyagumbo, 2021). Again, a successful implementation requires tailored approaches that account for regional variations in farming systems and socioeconomic conditions (Makate, Makate & Mango, 2021). However, integrated CSA strategies combining diversification, sustainable soil management, and water conservation offer the most promising pathway for enhancing both productivity and climate resilience.  
Climate-Smart Agriculture (CSA) emerged as a holistic framework designed to simultaneously address three pillars: increasing agricultural productivity and incomes, enhancing resilience and adaptation to climate change, and reducing or removing greenhouse gas emissions where possible. Development and practice of climate-smart crop production in developing countries has witnessed accelerated policy integration, technological adoption, and a deepening understanding of contextual challenges. This review assesses the important trends, successes, persistent obstacles, and emerging priorities as discussed below:
Policy and Institutional Mainstreaming Foundations were laid and integrated. At Post-Paris Agreement, many developing countries began incorporating CSA principles into national agricultural plans. Organizations like FAO and World Bank provided crucial technical and financial support. This led to the development of national CSA profiles and investment plans. The UN Food Systems Summit (2021) further catalysed this, linking CSA to broader food security and sustainability goals. Notably, the rise of Nature-based Solutions and Agro-ecology frameworks spurred more nuanced discussions on the socio-ecological dimensions of CSA. The establishment of blended finance mechanisms and carbon credit markets specifically for smallholders began to gain grip. It offers potential revenue streams for farmers. Technologies were developed, adopted and practiced. Diversification and precision farming are adopted. Adoption moved beyond single practices. For instance, drought-tolerant seeds are adopted. Climate Information Services (CIS) was developed and used. SMS-based weather alerts and advisory services became widespread, and thus, empowering farmers to make informed decisions. Conservation Agriculture which include; minimum tillage, mulching, and crop rotation saw expanded adoption. Digital Agriculture involved the use of remote sensing for crop monitoring, soil health cards, and blockchain for carbon tracking were adopted in South Asia and parts of Africa. Water-Smart Technologies such as Solar-powered irrigation, drip systems, and rainwater harvesting increased. 
Finance and Investment Landscape for CSA continues to grow but with gaps. Climate finance for agriculture in developing countries increased, but remained a small fraction of total needs. The Climate Shot initiative announced at COP27 (2022) aimed to bridge this gap. There was notable growth in private sector involvement through value-chain investments, for example, input companies and food corporates were committed to sustainable sourcing. However, access to affordable credit for smallholders to invest in CSA technologies remained a major barrier (World Bank. (2021).
There are some persistent challenges facing CSA in developing countries. There are problems of equity and inclusion. The ‘triple win’ promise of CSA often proved elusive at the farm level. Trade-offs between productivity, adaptation, and mitigation goals were common, especially for resource-poor farmers and women who faced limited access to land, information, and finance. CSA also faces a problem of Context-Specificity. The fallacy of a ‘one-size-fits-all’ approach became increasingly apparent. Success of climate-smart agriculture is hinged on hyper-local adaptation of technologies and deep engagement with local knowledge systems. These were lacking. There is a problem of climate justice. Debates intensified around whether CSA places a disproportionate adaptation and mitigation burden on smallholder farmers in the Global South (World Bank. (2021; FAO, 2022).
CSA has been transformed from a promising concept into a central pillar of agricultural development strategy in most developing countries. It is advisable that, future efforts must better integrate CSA within broader food, energy, water, and social protection systems. Farmer-Centered Design is important for future development. Co-creation of technologies and practices with farmers, respecting indigenous knowledge, is vital for adoption and equity. Scaling up of CSA requires de-risking investment for farmers and leveraging green bonds, sustainability-linked loans, and more accessible carbon markets. Strengthening local institutions and digital infrastructure for transparent, inclusive governance and impact tracking is crucial (Nyasimi, Kimeli, Sayula, Radeny, Kinyangi & Mungai, 2021).
Main barriers to CSA adoption include financial constraints, technical knowledge gaps, and institutional limitations (Nyasimi, et al., 2021). Smallholders often lack access to credit, cooperative support, and secure land tenure. And these are critical enablers for CSA implementation (Branca et al., 2021). Therefore, emerging solutions include innovative financing mechanisms like risk-pooling and public-private partnerships (Dong, 2021). Countries like Nigeria and Ghana are pioneering these approaches to mobilize resources for climate adaptation. Additionally, farmer-centred extension services and climate information systems are proving effective in bridging knowledge gaps and promoting best practices (Singh et al., 2021).  
Effective CSA practices demonstrate measurable benefits, including increased yields and improved farm incomes (Imran, Ali, Ashfaq, Hassan & Culas, 2021). Techniques such as adjusted planting calendars, drought-resistant crops, and water-efficient irrigation have shown particular promise (Hussain, Ashfaq, Ali, Hassan & Imran, 2021). The most successful interventions combine multiple CSA approaches, creating synergistic effects that enhance both economic and environmental outcomes. As developing nations refine their climate strategies, prioritizing context-specific solutions, farmer empowerment, and integrated policy frameworks would be essential for scaling up CSA and building climate-resilient food systems. The significant practices and innovations include the following: 
(i) Crop varieties that are climate resilient: Developing and implementing climate-resilient crop varieties is critical for maintaining food security amid changing climatic conditions (Mabhaudhi, Vimbayi, Sithabile, Festo, Sean & Albert, 2021). Farmers in developing nations are increasingly adopting improved seeds with shorter maturation periods, disease resistance, and drought tolerance (Tadele, 2022). These cultivars enhance adaptive capacity and reduce vulnerability to climate variability and improving yields. Recent studies demonstrate that stress-tolerant varieties can increase productivity by 20-30% under drought conditions (Varshney, Abhishek, Manish, Rutwik, Wallace & Kadambot, 2021), making them essential for climate adaptation strategies.
(ii) Efficient water management: Water scarcity in Sub-Saharan Africa is intensifying due to climate change, and thus, call for efficient water management practices (Nhamo, Bekithemba, Charles, Mabhaudhi, Sylvester & Greenwell, 2021). Climate-smart agriculture promotes techniques like drip irrigation, rainwater harvesting, and mulching to optimize water use (Kangogo, Domenico, & Jos, 2021). These methods improve water conservation and crop yields during drought periods. Modern irrigation systems can enhance water use efficiency by 40-60% compared to traditional methods (Xie et al., 2022) and, contour farming helps retain soil moisture and prevent runoff ((Varshney et al., 2021)).
(iii) Diversity of land use across the landscape: Climate-smart landscapes emphasize biodiversity to enhance resilience (Hussain et al., 2021). Diversified cropping systems reduce risks from pests, diseases, and extreme weather events (Beillouin, Tamara, Eric, Verena & David  2021). Research shows that farms with 5+ crop varieties experience 30% lower yield variability during climate shocks (Imran et al., 2022). Agro-ecological approaches incorporating trees, crops, and livestock provide multiple income streams while improving carbon sequestration (Branca et al., 2021). Genetic diversity also increases adaptation potential to changing temperature and precipitation patterns (Aryal et al., 2021). 
(iv) Sustainable perennial habitat as carbon stocks: Agroforestry systems significantly contribute to climate mitigation by enhancing carbon storage (Ghale, Mitra, Sodhi, Verma, & Kumar (2022). Perennial vegetation like trees and shrubs improves soil organic matter and also provide ecosystem services (Varshney et al., 2021). Studies indicate agroforestry can sequest 2-5 tons of carbon per hectare annually (Zomer, Bossio, Trabucco, Noordwijk, & Xu (2022). These systems also support biodiversity conservation and offer supplementary food sources, making them economically viable for smallholders (Xie et al., 2022).
(v) Soil organic matter and nutrient management: Building soil organic matter through conservation agriculture improves climate resilience (Amelung et al., 2022). Reduced tillage and cover crops enhance water retention and carbon sequestration by 30-50% (Powlson, Jacques, Magdeline & Gilles (2022). Integrated nutrient management using organic amendments reduces nitrogen losses by 15-25% and at the same time improve soil health (Singh et al., 2021). Renewable energy integration, such as solar-powered irrigation, further reduces agriculture's carbon footprint by 40-60% (Chel & Kaushik, 2011) demonstrating the synergies between climate adaptation and mitigation strategies.
Nexus between Pesticide-Free and Climate-Smart Agriculture
The nexus between pesticide-free agriculture and climate-smart agriculture (CSA) lies in their shared goals of promoting sustainable farming practices that enhance resilience to climate change, reduce greenhouse gas (GHG) emissions, and improve ecosystem health. Both approaches build upon traditional agricultural knowledge and equally, incorporate modern sustainable practices. These two principles are interconnected through reduction of greenhouse gas emissions, enhancement of soil health and carbon sequestration. They also encourage biodiversity and resilience, reduce pollution and promote water conservation and enhance economic and social benefits (Smith et al., 2020). Diversified cropping systems reduce risks from pests, diseases, and extreme weather events. 
Pesticide-free farming avoids synthetic pesticides. The synthetic pesticides are energy-intensive in crop production process and it contributes to carbon emissions. CSA promotes employment of low-emission practices like organic farming, agro-ecology, and integrated pest management (IPM). It reduces reliance on fossil fuel-based inputs (Smith et al., 2020; Skinner et al., 2020). Pesticide-free systems often use organic amendments (compost, cover crops) that improve soil organic carbon. CSA prioritizes practices like conservation agriculture and agroforestry, which sequester carbon in soils and biomass (Lal, 2020; Paustian, Larson, Kent, Marx, & Swan, 2021). Pesticide-free farming supports pollinators and beneficial insects and improves ecosystem stability. CSA encourages diversified cropping systems that are more resilient to climate extremes (droughts, floods) (Tamburini et al., 2020; Dainese et al., 2021). Pesticide-free agriculture prevents chemical runoff, protecting water quality; a crucial aspect of CSA. CSA includes water-efficient practices, for example, drip irrigation, rainwater harvesting that, align with pesticide-free systems (Stehle, & Schulz, 2021; Jägermeyr, Pastor, Biemans, & Gerten, 2020). Both approaches reduce farmers' dependency on expensive synthetic inputs, lowering costs and improving livelihoods. CSA and pesticide-free farming often empower smallholders through knowledge-sharing, for example, farmer field schools (Pretty et al., 2020; Bezner Kerr et al., 2021).
The basic overlaps in the two practices include; agro-ecology which combines pesticide-free and climate-smart principles. Organic farming which avoids synthetic pesticides while enhancing soil carbon. Integrated Pest Management (IPM) which reduces pesticide use; a core CSA strategy. However, these principles face two challenges. Transitioning away from pesticides may require alternative pest control methods such as bio-control and crop rotation, and CSA must balance productivity with sustainability and, ensuring food security.  
From the fore going, can it can be said that; pesticide-free agriculture is a subset of climate-smart agriculture, as both aim at sustainability, reduced emissions, and climate resilience. By adopting pesticide-free methods, farmers contribute to CSA goals, creating a synergistic approach for a sustainable food system. 
Conclusion
The need for solving problems of degrading environment, food safety, sustainable agriculture, food security, greenhouse gas emissions and economic development makes pesticide-free and climate-smart crop agriculture very important in developing countries. There is the need for increased food production, reduction in greenhouse gas emissions, and improvement in human health and prevention of environmental degradation. All these will help in achieving sustainable agricultural production. Various strategies have been employed by the governments of the developing countries and their farmers to accomplish these goals. However, there are barriers and challenges that the actors and all stakeholders need to overcome. 


Recommendations
Basic recommendations include: 
i. There is lack of accessible and context-specific extension services for transitioning to pesticide-free crop production. The extension services are underfunded and it requires an intensive knowledge for the transitioning. Therefore, the government should develop Farmer-Centred Extension Services for pesticide-free agriculture  and climate information systems for effective bridging of pesticide-free agriculture and climate-smart agriculture knowledge gaps;
ii. CSA faces a problem of Context-Specificity information. The fallacy of a one-size-fits-all is not working. Success of climate-smart agriculture is hinged on hyper-local adaptation of technologies and deep engagement with local knowledge systems. Thus, extension agents should implement comprehensive farmer education and capacity building programmes which are context-specificity through field schools and digital platforms to enhance their knowledge and performance;
iii. The shift to pesticide-free farming is socio-technical, requiring advancements in market access and social structure. But there are constraints of infrastructure and input access. For a successful implementation of pesticide-free agriculture, the development of value chains for pesticide-free products, provision of supportive policies for financing transition and participatory knowledge are critical. Therefore, government should fully engage all relevant actors across the agricultural value chain in implementing pesticide-free agriculture. Government should also improve farmers’ access to necessary agricultural inputs for effective practice of pesticide free agriculture and climate-smart agriculture.
iv. Incentives should be given to consumers of products from pesticide-free farms as these goods are usually expensive and price supports should be offered for farmers that produce pesticide-free products to sustain production. 
v. Small-scale farms face challenges of low adoption rates of climate-smart agriculture due to high investment costs, labour intensiveness, and uncertain returns. Integrated CSA strategies combining diversification, sustainable soil management, and water conservation offer the most promising pathway for enhancing both productivity and climate resilience. 
vi. Farmers should also integrate diverse pest management strategies tailored to local conditions in controlling pests; 
vii. Smallholder farmers, who dominate the agricultural landscape, are vulnerable due to limited adaptive capacity and resource constraints. Finance and Investment Landscape for CSA is poor. Smallholders often lack access to credit, cooperative support, and secure land tenure. Therefore, adoption requires addressing systemic barriers such as poverty. Developing nations need to prioritize farmer empowerment, public-private partnerships and integrated policy frameworks to scale up CSA. 
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