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rganic farming is an environmentally sustainable agricultural system that promotes 

ecological balance, biodiversity conservation, and efficient resource use by minimizing 

synthetic chemical inputs. Increasing concerns over soil degradation, climate change, 

environmental pollution, and food safety have enhanced the global importance of organic 

agriculture. This review discusses the current status, ecological principles, environmental 

benefits, technological innovations, government initiatives, challenges, and future prospects 

of organic farming. Organic practices such as crop rotation, composting, green manuring, 

biofertilizers, and biological pest management improve soil health, nutrient cycling, carbon 

sequestration, and ecosystem resilience while reducing greenhouse gas emissions and 

pollution. Technological advances, including precision agriculture, microbial bio-inputs, and 

digital monitoring systems, further strengthen sustainable organic production. In India, 

government programmes have accelerated organic farming adoption through certification, 

training, and market support. Despite its benefits, challenges such as transitional yield 

reduction, certification costs, and limited market access remain. Continued research and 

policy support are essential to enhance productivity, climate resilience, and long-term 

agricultural sustainability. 

Keywords: Organic farming; Sustainable agriculture; Soil health; Climate resilience; 

Biofertilizers. 

Introduction 
Agriculture is the backbone of global food security and rural livelihoods, but the 

intensification of conventional farming systems has resulted in severe environmental 

degradation, including soil fertility decline, biodiversity loss, groundwater contamination, 

and increased greenhouse gas emissions. Excessive dependence on synthetic fertilizers and 

pesticides has accelerated soil organic matter depletion and disrupted ecological balance, 

raising serious concerns about the long-term sustainability of agricultural production systems 

(Reganold and Wachter, 2016). Consequently, there is an increasing global demand for 

farming practices that ensure food security while conserving natural resources and 

maintaining ecosystem health. According to FiBL and IFOAM statistics, global organic 

agricultural land exceeded 98 million hectares in 2023, managed by more than 4.3 million 

organic producers worldwide. The increasing area under organic cultivation reflects growing 

consumer demand for environmentally sustainable and chemical-free food products, as well 

as greater policy support for ecological farming systems (Willer et al., 2024). 

 Organic farming has emerged as an environmentally sustainable agricultural 

production system that relies on ecological processes, biodiversity, and biological nutrient 

cycling rather than synthetic chemical inputs. It integrates practices such as crop rotation, 

green manuring, composting, biological pest management, crop residue recycling, and the use 

of biofertilizers to enhance soil productivity and environmental quality. These practices 

improve soil structure, increase microbial diversity, promote efficient nutrient cycling, and 
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reduce environmental pollution while producing safer agricultural products (Seufert and 

Ramankutty, 2017). In addition, organic farming supports ecosystem resilience by enhancing 

pollinator diversity, improving water-holding capacity, and reducing dependence on non-

renewable agricultural inputs. 

  
Figure 1: World: Distribution of organic 

agricultural land by region 2023 

Figure 2: World: The ten countries with the 

largest areas of organic agricultural land 2023 

Source: FiBL survey 2025, based on information from the private sector, certifiers, and governments. 

For detailed data sources, see annex, page 333 
 

 
Figure 3.  Comparison of Organic Farming and Conventional Farming Practices 

The importance of organic agriculture has grown significantly during the past two decades 

owing to increasing consumer awareness regarding food safety, environmental protection, 

and climate change mitigation. Organic farming contributes to sustainable development 

through carbon sequestration, reduced energy consumption, improved biodiversity 

conservation, and efficient recycling of organic residues within farming systems. 

Furthermore, integrating livestock, crop production, composting, and agroforestry creates 

circular agricultural systems that minimize waste generation and enhance resource-use 

efficiency (Willer et al., 2024). Such integrated approaches have become increasingly 

important in achieving resilient food production systems under changing climatic conditions. 

In India, the adoption of organic farming has accelerated through government programmes 

such as the Paramparagat Krishi Vikas Yojana (PKVY), Mission Organic Value Chain 

Development for North Eastern Region (MOVCD-NER), National Programme for Organic 

Production (NPOP), and India has emerged as one of the leading countries in terms of the 

number of organic producers. The country possesses significant potential for organic 

agriculture due to its diverse agro-climatic conditions, traditional farming knowledge, and 

increasing demand for organic products in both domestic and export markets. Organic 

cultivation has expanded substantially during the past decade, particularly in the North-
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Eastern region and several rainfed agricultural areas. National Mission for Sustainable 

Agriculture (NMSA). These initiatives promote organic input production, certification, 

market development, and farmer capacity building to improve agricultural sustainability and 

rural livelihoods. Nevertheless, challenges including lower transition-period yields, 

certification costs, market access, and nutrient management constraints continue to limit 

large-scale adoption. Therefore, a comprehensive understanding of recent advances, 

environmental benefits, technological innovations, and future opportunities in organic 

farming is essential for developing resilient and sustainable agricultural systems capable of 

addressing future food security and climate challenges (FiBL and IFOAM, 2024). Therefore, 

the present review aims to critically examine the principles, ecological foundations, 

environmental benefits, technological innovations, government initiatives, challenges, and 

future prospects of organic farming in the context of sustainable agriculture and climate 

resilience. 

Principles and Ecological Foundations of Organic Farming 
According to IFOAM (2023), organic agriculture is a production system that sustains the 

health of soils, ecosystems, and people by relying on ecological processes, biodiversity, and 

locally adapted management practices rather than synthetic inputs. Organic farming is a 

holistic production system that seeks to maintain the health of soils, ecosystems, and people 

through ecological processes rather than synthetic external inputs. It is founded on the 

principles of health, ecology, fairness, and care, emphasizing the harmonious interaction 

between plants, animals, microorganisms, and the environment. Unlike conventional 

agriculture, organic farming minimizes the use of chemical fertilizers, pesticides, growth 

regulators, and genetically modified organisms, instead relying on biological nutrient cycling 

and natural ecosystem services to sustain crop productivity (IFOAM, 2023). 

 A fundamental principle of organic farming is the maintenance of soil health through 

the continuous addition of organic matter and enhancement of biological activity. Organic 

amendments such as farmyard manure, compost, vermicompost, green manure, crop residues, 

and biofertilizers improve soil structure, increase water-holding capacity, stimulate microbial 

diversity, and enhance nutrient availability. These practices gradually build soil organic 

carbon and improve nutrient-use efficiency, thereby increasing the resilience of agricultural 

systems against drought and climatic variability (Reganold and Wachter, 2016). Long-term 

organic management has also been reported to improve aggregate stability, enzymatic 

activity, and beneficial microbial populations compared with conventional farming systems 

(Seufert and Ramankutty, 2017). Several studies have reported higher microbial biomass 

carbon, soil enzymatic activity, earthworm populations, and nutrient mineralization rates 

under organic management compared with conventional production systems. These 

biological indicators are increasingly recognized as important measures of soil quality and 

ecosystem functioning. 

 Crop diversification is another essential component of organic farming. Practices such 

as crop rotation, intercropping, mixed farming, cover cropping, and agroforestry interrupt 

pest and disease cycles while improving nutrient recycling and soil fertility. Leguminous 

crops incorporated into crop rotations biologically fix atmospheric nitrogen, reducing 

dependence on synthetic fertilizers and contributing to sustainable nutrient management. 

Diversified production systems also support pollinators and natural enemies of insect pests, 

thereby enhancing ecological stability and reducing pest outbreaks (Altieri and Nicholls, 

2017). 

 Organic farming promotes integrated biological pest and disease management through 

ecological approaches rather than chemical control. The use of resistant cultivars, botanical 

pesticides, microbial biocontrol agents, pheromone traps, beneficial insects, and habitat 

management helps suppress pest populations while preserving biodiversity. Such approaches 

reduce pesticide residues in food and minimize contamination of soil and water resources, 

contributing to improved environmental quality and human health (Lampkin and Padel, 

2022). 
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Figure 4.  Four Core Principles of Organic Farming as Defined by IFOAM 

Efficient recycling of farm resources represents another distinguishing feature of organic 

agriculture. Crop residues, livestock manure, kitchen waste, and agro-industrial by-products 

are converted into valuable organic inputs through composting, vermicomposting, and 

anaerobic decomposition, thereby reducing waste generation and promoting circular nutrient 

cycling. The integration of livestock with crop production further enhances nutrient recycling 

and improves farm sustainability through the efficient utilization of locally available biomass 

resources (FAO, 2018). Resource recycling reduces nutrient losses, improves farm self-

reliance, decreases dependence on external inputs, and contributes to the development of 

circular bioeconomy-based agricultural systems. 

 Organic farming also contributes significantly to climate change mitigation and 

ecosystem resilience. Increased soil organic carbon storage, reduced fossil fuel consumption, 

lower nitrous oxide emissions, and improved biodiversity collectively enhance ecosystem 

functions and environmental sustainability. Healthy soils with greater organic matter content 

exhibit improved water infiltration and moisture retention, enabling crops to better withstand 

drought stress and extreme weather events (Willer et al., 2024). Agroforestry systems are 

increasingly integrated into organic farming because they enhance biodiversity, improve 

nutrient cycling, increase carbon sequestration, and provide additional sources of income 

through tree products. Such systems contribute significantly to ecological sustainability and 

climate resilience. 

 Recent advances in precision agriculture, digital monitoring systems, microbial 

inoculants, biofertilizer technologies, and climate-smart organic management practices have 

further strengthened the scientific foundation of organic farming. These innovations improve 

nutrient-use efficiency, crop productivity, and resource conservation while maintaining the 

ecological integrity of farming systems. Consequently, organic farming is increasingly 

recognized as an important pathway toward achieving sustainable agriculture, climate 

resilience, food safety, and circular bioeconomy objectives in both developed and developing 

countries (FiBL and IFOAM, 2024). Collectively, these ecological principles and 

management practices form the scientific basis of organic farming and demonstrate its 

potential to enhance agricultural sustainability, environmental quality, and resilience to 

climate change while maintaining long-term productivity. 

Organic Farming, Soil Health and Climate Change Mitigation 

Soil health is the foundation of sustainable agriculture, and organic farming plays a crucial 

role in restoring and maintaining soil quality through ecological management practices. 

Continuous application of organic amendments such as farmyard manure, compost, 

vermicompost, green manure, and crop residues enhances soil organic carbon, improves 
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aggregate stability, and stimulates microbial activity. Unlike intensive conventional 

agriculture, which often depletes soil organic matter, organic production systems encourage 

biological nutrient cycling and improve the physical, chemical, and biological properties of 

soil, thereby sustaining long-term productivity (Reganold and Wachter, 2016). 

 The enhancement of soil biodiversity is one of the major advantages of organic 

farming. Diverse microbial communities, earthworms, fungi, and beneficial insects contribute 

to nutrient mineralization, decomposition of organic residues, and suppression of soil-borne 

pathogens. Crop rotation and diversified cropping systems further improve nutrient 

availability and reduce pest and disease incidence without excessive dependence on synthetic 

chemicals. Consequently, organically managed soils generally exhibit greater resilience 

against erosion, drought, and nutrient depletion than conventionally managed soils (Seufert 

and Ramankutty, 2017). 

 Organic farming also contributes significantly to climate change mitigation by 

increasing carbon sequestration and reducing greenhouse gas emissions. The incorporation of 

organic residues into soil enhances carbon storage, while reduced dependence on synthetic 

nitrogen fertilizers lowers emissions associated with fertilizer manufacture and application. 

Conservation-oriented practices such as cover cropping, mulching, and residue recycling 

improve soil moisture conservation and reduce energy consumption, making farming systems 

more resilient under changing climatic conditions (Gattinger et al., 2012). 

 In addition to carbon sequestration, organic farming strengthens ecosystem services 

by conserving biodiversity and improving ecological stability. Organic fields generally 

support higher populations of pollinators, natural enemies of pests, and beneficial soil 

organisms, thereby promoting natural biological regulation and reducing external input 

requirements. These ecosystem functions improve agricultural sustainability while 

minimizing environmental pollution and enhancing landscape diversity (Tuck et al., 2014). 

 Recent advances in climate-smart organic farming, including precision compost 

application, microbial biofertilizers, biochar incorporation, and integrated nutrient 

management, have further improved resource-use efficiency and environmental 

sustainability. Such innovations offer significant opportunities for enhancing productivity 

while maintaining ecological balance and reducing agriculture's environmental footprint 

(Willer et al., 2024). Therefore, strengthening soil health through organic farming represents 

a practical strategy for achieving sustainable agriculture, climate resilience, and long-term 

food security in the face of global environmental challenges (FAO, 2018). 

Technological Innovations, Government Initiatives and Future Prospects of 

Organic Farming 
Long-term studies have demonstrated that organically managed soils generally contain higher 

levels of soil organic carbon than conventionally managed systems. Increased organic matter 

inputs through compost, green manures, and crop residues improve soil aggregation, nutrient 

retention, and water-holding capacity, thereby enhancing soil productivity and environmental 

sustainability. Technological advancements are transforming organic farming by improving 

productivity, resource-use efficiency, and environmental sustainability. The integration of 

digital agriculture, remote sensing, geographic information systems (GIS), artificial 

intelligence (AI), and Internet of Things (IoT)-based monitoring systems enables farmers to 

optimize irrigation scheduling, nutrient management, pest surveillance, and crop health 

assessment with minimal environmental impact. Precision agriculture tools facilitate site-

specific management practices that enhance input-use efficiency while maintaining the 

ecological principles of organic production (Tripathi et al., 2022). 

 Biological inputs have become an integral component of modern organic agriculture. 

The application of biofertilizers containing Rhizobium, Azotobacter, Azospirillum, 

phosphate-solubilizing bacteria, and arbuscular mycorrhizal fungi improves nutrient 

availability and enhances soil microbial diversity. Similarly, microbial biopesticides based on 

Trichoderma, Pseudomonas fluorescens, Beauveria bassiana, and Bacillus thuringiensis 
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provide effective pest and disease management while minimizing environmental 

contamination and pesticide residues in food products (Bhattacharyya and Jha, 2012). 

Efficient nutrient cycling is a central feature of organic farming systems. Organic 

amendments gradually release nutrients through microbial decomposition processes, reducing 

nutrient losses and improving synchronization between nutrient availability and crop demand. 

The recycling of agricultural biomass through composting, vermicomposting, green 

manuring, and biochar production has emerged as another important technological innovation 

supporting organic farming systems. These practices improve soil organic carbon, enhance 

water-holding capacity, stimulate beneficial microbial activity, and promote circular nutrient 

cycling. The integration of livestock enterprises with crop production further strengthens 

nutrient recycling and reduces dependence on external agricultural inputs, contributing to 

resilient and low-carbon farming systems (FAO, 2018). Beyond mitigation, organic farming 

also supports climate change adaptation through improved soil moisture retention, enhanced 

biodiversity, diversified production systems, and greater resilience to drought, flooding, and 

temperature fluctuations. 

 Government support has significantly accelerated the expansion of organic farming in 

many countries. In India, flagship programmes such as Paramparagat Krishi Vikas Yojana 

(PKVY), Mission Organic Value Chain Development for North Eastern Region (MOVCD-

NER), National Programme for Organic Production (NPOP), and National Mission for 

Sustainable Agriculture (NMSA) have encouraged organic cultivation through financial 

assistance, farmer training, certification support, market development, and value-chain 

strengthening. These initiatives have increased awareness regarding sustainable agriculture 

while promoting domestic and export markets for certified organic products (Government of 

India, 2024). 

 Despite considerable progress, organic farming still faces several challenges, 

including lower yields during the transition period, limited availability of quality organic 

inputs, high certification costs, fragmented marketing systems, labour-intensive management, 

and inadequate scientific knowledge among farmers. In addition, climate variability, nutrient 

management constraints, and limited access to premium markets remain significant barriers 

to large-scale adoption, particularly in developing countries (Seufert and Ramankutty, 2017). 

Future research should focus on integrating biotechnology, precision agriculture, microbial 

bio-inputs, climate-smart management, digital decision-support systems, and circular 

bioeconomy approaches to improve the productivity and profitability of organic farming. 

Strengthening public-private partnerships, policy support, farmer capacity building, and 

research-extension linkages will be essential for accelerating the adoption of sustainable 

organic production systems. With increasing global demand for environmentally friendly 

food production and ecosystem conservation, organic farming is expected to play a pivotal 

role in achieving food security, climate resilience, biodiversity conservation, and sustainable 

rural development in the coming decades (Willer et al., 2024; Reganold and Wachter, 2016; 

IFOAM, 2023). 

Conclusion 
Organic farming is an environmentally sustainable agricultural system that enhances soil 

health, biodiversity, nutrient cycling, and climate resilience while reducing dependence on 

synthetic inputs. Practices such as crop rotation, composting, green manuring, biofertilizers, 

and biological pest management contribute to long-term agricultural sustainability and 

environmental protection. Recent technological advancements and government support have 

further strengthened the adoption of organic farming. However, challenges related to 

certification, market access, and transitional yield reduction remain. Continued research, 

policy support, and farmer awareness are essential to improve productivity and profitability. 

Overall, organic farming offers a promising pathway toward sustainable agriculture, food 

security, and ecological conservation. 
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