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Abstract 

As the world continues to see an unprecedented amount of growth, it will also begin to see 

incredible fluctuations in its climate. Given this combination of factors, we are now at a significant 

turning point where we need to make a massive shift towards more sustainable agriculture in order 

to provide food security for the long term. Sustainable agriculture is not just about how farmers 

grow food; it encompasses all aspects of growing food in a holistic manner that also includes 

protecting the environment from destruction while still being able to feed the growing world 

population today and help the next generation (future generations) with their ability to feed 

themselves. The projected global population will increase to approximately 9.6 billion by 2050, 

thus there is a need for food security alongside sustainable agricultural practices and ultimately, to 

provide solutions to achieving the Sustainable Development Goals (S.D.G.). Therefore, this article 

provides an overview of the latest developments and trends in sustainable agriculture and food 

security while also outlining the major challenges, opportunities, and policy choices that are 

needed to achieve sustainable agricultural systems and food security in the future. This article 

examines how utilizing various sustainable agriculture practices, such as agroecology, organic 

farming, conservation agriculture, climate-smart agriculture, can help to improve food security and 

soil health, protect biodiversity, and build resilience to climate change. It discusses the importance 



A. Kumar et al.                      Biospectrum Horizons, Vol.no. 2, Issue no 1, Page No. 34-42, January - June, 2026 

 

35 
 

of supporting small-scale farmers by improving their access to markets and modern technologies, 

promoting climate resilient agricultural practices, and reducing food loss and waste along the food 

supply chain.  

Key words: Sustainable agriculture, food security, food waste, organic farming, conservation 

agriculture, climate change. 

 

1. Introduction  

Agriculture has been the foundation of   human civilization for thousands of years, playing a vital 

role in the socio-economic and cultural advancement of the area. The Indian sub-continent has 

experienced a wide variety of farming techniques, from the rich plains of the Indus Valley 

Civilization to modern agricultural operations [1]. Agriculture    providing the essential food, fiber, 

and resources for survival, economic development and societal   advancement. The latest 

projections by the United Nations suggest that the global population could grow to around 8.5 

billion in 2030, 9.7 billion in 2050 and 10.4 billion in 2100 [2]. Ensuring food security—the 

availability, accessibility, utilization, and stability of the food supply has become one of the most 

pressing challenges of our time . The intricate relationship between agriculture and food security 

underscores the importance of sustainable agricultural practices that enhance productivity, 

conserve natural resources and protect our ecosystems. However, modern agriculture faces many 

challenges including climate change ,land degradation ,water scarcity and socio-economic 

inequalities ,which collectively threaten its ability to meet the growing global demand  for food 

[3] .Agriculture which occupies roughly 38pencent of the Earth’s land surface and consumes about 

70 percent of freshwater withdrawals, is both a major driver of environmental stress and the 

primary lever for mitigation[4].Incorporating conventional knowledge with modern advancements 

guarantees the durability of agricultural techniques and enhances the general welfare of farmers 

and customers. By adopting sustainable farming practices, India can effectively tackle existing 

environmental issues and establish a more robust agricultural industry for future generations [5]. 

In reaction to the need for sustainable agricultural development, the emergence of sustainable 

agriculture represents a solution to improve productivity while conserving the environment. 

Sustainable agriculture utilizes methods such as agro-ecological principles; climate-smart 

practices; reduced tillage; precision methods; and agroforestry to create better soils, improve 

biodiversity, and use resources more efficiently. The results obtained from implementing these 

methods have documented significant contributions toward improved food production, reduced 

emissions of greenhouse gases; better retention of water; increased diversity of diets - and these 

improvements have the greatest impact on smallholder farmers, who produce approximately 80% 

of all food produced globally and in developing nations [6]. However, the adoption of these 

methods has been sporadic due to a lack of access to finance, a lack of knowledge and education 

about these methods, policies that favour conventional agriculture as well as market systems that 

promote production at the expense of sustainability, along with differences in regional climate 



A. Kumar et al.                      Biospectrum Horizons, Vol.no. 2, Issue no 1, Page No. 34-42, January - June, 2026 

 

36 
 

vulnerability and infrastructure. This paper assesses what current sustainable agricultural practices 

exist; assesses how these practices affect global food security; identifies actions required from 

researchers, policymakers, and practitioners to enable future implementation of sustainable 

practices; and suggests how the integration of increases in production should be balanced with 

improvements to environmental health and social equity to achieve a future in which all people 

have sufficient access to safe, nutritious, affordable food. 

2. The concept of sustainable agriculture and food security 

Globally, sustainable agriculture and food security are interconnected in a feedback loop where 

each influences the good health of the other. Sustainable agriculture is the practice of producing 

food to meet current consumer demands while protecting the natural resource base for future 

generations by providing a balance of productive capacity, environmental quality, and socio-

economic equity [7]. Agro-ecological practices, crop diversity, water-efficient irrigation systems, 

and organic fertilizers are practices promoted by sustainable agriculture as they improve 

productivity, protect soils and biodiversity, reduce pollution, and ultimately increase the resilience 

of farming systems to climate change. The combination of these practices ultimately strengthens 

food security through stable food supplies, improved access, improved nutrition, and the 

development of sustainable livelihoods for agricultural communities. Food security means that all 

people will have physical, social and economic access to sufficient, safe, and nutritious food to 

meet their dietary needs and preferences for an active and healthy life at all times and throughout 

their life cycles [8]. The most widely accepted working definition of food security consists of four 

pillars: availability (consistent sources of food through production, trade, and storage), access (the 

ability to obtain food physically and economically), utilization (intake and absorption of nutrients), 

and stability (consistency in food access through time, even during times of shock, such as 

droughts or price spikes). Collectively, these pillars form the basis for developing policies and 

assessments to build sustainable, resilient food systems. 

3. Current Practices in Sustainable Agriculture (India focus) 

➢ Agro-forestry: Integrating trees with crops or livestock like bund planting or alley 

cropping, boosts biodiversity, improves soil health, and sequesters carbon. It’s one of the 

most evidence rich practices for climate mitigation in India [9]. 

➢ Crop Rotation and Intercropping: - Crop ration is the practice of growing different crops 

in a planned sequence on the same field across seasons or year. Alternating cereals with 

legumes or using mixed‑ crop systems break pest cycles, restores and increase soil fertility. 

It’s widely promoted to enhance water‑ use efficiency and yield stability. 

➢ Organic Farming: - Organic farming is a holistic system that avoids synthetic chemicals 

using natural inputs, these methods rely on compost, green manure, and microbial 

inoculants. 
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➢  Rainwater Harvesting: – Structures such as check ‑dams, farm ponds, and rooftop 

collection systems capture monsoon runoff, improving irrigation reliability especially for 

rain ‑fed farms. Studies show it eases water stress and raises productivity. 

➢ Precision Agriculture: – Using drones, satellite imagery, and soil‑ moisture sensors, 

farmers apply water, fertilizers, and pesticides only where needed, cutting waste and energy 

use. 

➢ Conservation Agriculture: - Minimal or no ‑till, permanent soil cover, and diversified 

cropping reduce soil erosion, conserve moisture, and lower input energy by 45‑70 % in 

irrigated systems. 

➢ System of Rice Intensification: -Wider spacing, alternate wet ‑dry irrigation, and organic 

manures increase yields while slashing water use and methane emissions. 

➢ Integrated Pest Management (IPM):-Combining cultural, biological, and need‑ based 

chemical controls keeps pest pressure low without over‑reliance on pesticides. 

➢ Regenerative Grazing: - Rotational grazing mimics natural herds, rebuilding grassland 

health and soil carbon, a newer practice gaining traction in India. 

➢  Renewable Energy Integration: - Solar-powered pumps and biogas from farm waste are 

being adopted to cut fossil ‑fuel dependence and lower operational costs. 

These practices collectively aim to make Indian agriculture more productive, climate ‑resilient, 

and environmentally friendly. 

4. Impact of current practices on food security  

Current agricultural practices have mixed impact on food security, especially the heavy reliance 

on chemical fertilizers, monocultures, and water‑ intensive crops – are undermining India’s food 

security. 

1. Nutritional decline: - A study by the Indian Council for Agriculture Research (ICAR) data 

showed that zinc in rice fell 33 % and iron in wheat 27 % since the Green Revolution, contributing 

to widespread micronutrient deficiencies [10]. 

2. Resource stress: - Fertilizer efficiency has dropped >80 % and groundwater is over exploited, 

pushing up input costs and eroding yields [11]. 

3. Climate vulnerability: - With 65 % of cropped area rain‑ fed, climate ‑induced droughts and 

floods are slashing production, while rising temperatures threaten wheat and rice yields . 

4. Economic access: - Even after the NFSA’s subsidized grains, 63 % of rural Indians 

(≈527 million) cannot afford a nutritious diet [12]. 
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5. Emerging alternatives: Regenerative and climate-smart systems (e.g., Community‑ Managed 

Natural Farming in Andhra Pradesh) report yield gains of 7.8‑25.9 % and income rises of 28.3 % 

while cutting input costs, offering a pathway to sustain productivity and nutrition [13] . 

6. Policy angle: - The National Food Security Act, 2013, and schemes like PM‑POSHAN, ICDS, 

and the fortified‑ rice programmers  aim to improve access, yet gaps in implementation and the 

focus on staple ‑grain subsidies do little to correct the micronutrient shortfall [14] . 

Multiple perspectives: 

People advocating for the use of intensive agriculture suggest that it has previously prevented 

famine and may meet the increasing demand for food by utilizing more procurement than ever; 

however, evidence shows decreasing efficiency in the use of inputs and numerous soil health issues 

challenge their belief in the continued success of this practice. Agro-ecologists promote a return 

to agricultural systems that will provide diversified food sources, nutritious millets and a 

regenerative approach to soil restoration, water conservation, and nutrition in the diets of 

consumers as a primary means of achieving food security, by restoring the health of the soil daily 

through crop rotation and through reduction of the use of chemical fertilizers. To summarize, 

present-day input-intensive, mono-cropping practices have created an erosion of the nutritional 

and environmental foundations for achieving food security, while alternative agricultural designs 

that use sustainable practices and strengthen nutrition-based policies are required to assist with the 

long-term availability and cost of food. 

5. Challenges and limitations 

1. Economic Barriers: 

⮚ High initial costs:- Organic seeds, bio-fertilizers and equipment require upfront 

investment, which small/marginal farmers often can’t afford. 

⮚ Lower yields:- Transition periods may see reduced output, affecting income and food 

availability. 

2. Knowledge and Awareness Gap: 

⮚ Limited extension services:-Many farmers lack training in regenerative/organic practices, 

leading to improper implementation. 

⮚ Cultural resistance:-Traditional mindsets may view modern sustainable methods as 

“backward”. 

      3. Policy and Institutional Hurdles: 
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⮚ Inadequate incentives: Subsidies often favor chemical inputs; green schemes may lack 

timely disbursement. 

⮚ Weak market linkages: No assured procurement, price premiums for sustainable produce 

are inconsistent. 

     4. Environmental and Climatic Risks 

⮚ Climate variability:- Droughts, floods, and unpredictable weather can undermine rain ‑fed 

sustainable systems. 

⮚ Soil and water constraints:- Degraded soils and water scarcity limit the effectiveness of 

eco ‑friendly practices. 

      5. Supply ‑Chain Bottlenecks : 

⮚ Poor infrastructure:- Inadequate storage, transport, and processing lead to post‑harvest 

losses. 

⮚ Fragmented value chains:- Small producers struggle to reach larger markets, reducing 

profitability. 

       6. Social and Equity Issues Gender imbalance:  

⮚ Gender imbalance  : -Women farmers often lack access to credit, training, and decision‑ 

making power. 

⮚ Land tenure insecurity:- Tenants may avoid long‑ term soil health investments. 

7. Technological Gaps: 

⮚ Limited access to modern tools:- Low adoption of precision agriculture, digital soil 

testing, and  climate ‑smart  technology. 

        8. Global Trade Pressures: 

⮚ Competition from cheap imports: - International markets with lower production costs 

can undercut domestic sustainable production. 

  Sustainable agriculture promises long‑ term resilience, but overcoming these hurdles   needs   

coordinated action—policy support, financial mechanisms, farmer education, infrastructure  

upgrades  and inclusive   market oriented approaches. 

6. Future directions and recommendations  

Combining modern technology and traditional knowledge could help improve agricultural 

sustainability and food security into the future. Precision tools (such as soil sensors, drones and 
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apps) that are affordable to farmers can reduce costs incurred by farming while also ensuring they 

will produce the same yield as before. Producing FPOs (Farmer Producers Organizations) will 

assist farmers by creating strong collective bargaining power, improving their access to markets 

and providing greater access to credit. Subsidies must be redirected from chemical fertilisers to 

organic inputs, carbon credit schemes and water saving infrastructure through policy changes. 

Performance based grants are also used to incentivise the adoption of agro-ecological practices. 

Providing farmer education through field schools, mobile training and multilingual information 

will be critical to bridging knowledge gaps. Building resilience in cropping systems (millet mix 

farming, climate smart crops and agro-forestry) can protect against climate shocks. Cold storage 

facilities, upgraded roads and traceability mechanisms (QR codes or block chain) within fairly 

functioning supply chains can provide confidence in the food supply for consumers. Innovations 

such as green loans at low interest rates and crop insurance linked to soil health practices can help 

mitigate risks. Combining public private partnerships with awareness campaigns and data-driven 

monitoring will work together to create a sustainable food secure ecosystem. 

7.  Conclusion  

The review emphasizes that sustainable farming cannot be achieved by just one method; instead, 

it is a multidimensional paradigm requiring coordinated efforts in technology, policymaking, 

economics and society. According to empirical data, regenerative practices such as agroforestry, 

applying organic amendments, and efficient use of water in irrigation increase the health of soils, 

conserve biodiversity and increase the resilience of ecosystems to climate change, while also 

producing moderate-to-highly stable yield levels across a variety of agricultural ecological zones 

(agro-ecosystems). The transition from conventional to regenerative agriculture is hampered by 

multiple barriers including financial access, knowledge gaps and fragmented market structures, as 

well as by the prevailing policy focus on conventional farming methods (input-based). Going 

forward, it will be important to leverage the benefits of appropriate agro-technologies, enable 

farmer-to-farmer networks (groups), realign incentives to favour regenerative agriculture, create 

models for implementing sustainability metrics along value chains, and institute high-quality 

public/private partnerships, capacity building programs, and data-driven monitoring in order to 

accomplish inclusivity and adaptability at scale. If the above systemic changes are achieved, 

sustainable agriculture can create food security while providing ecological sustainability and social 

equity, creating a strong foundation and pathway to build more resilient food systems around the 

world. 
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