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Abstract 
 

Sustainable agriculture is important for nutritional security and long-term human health and for protecting 
natural resources for future generations. This review focuses on the association of sustainable 
agricultural methods with nutritional security, highlighting the environmental, economic and social 
dimensions of agricultural sustainability. The report discusses how crop and dietary diversification, 
agricultural biodiversity, nutrition-sensitive agriculture, climate-resilient farming, efficient water 
management, improved post-harvest systems and technological innovations can influence the 
availability, accessibility, safety and quality of nutritious foods. The role of precision agriculture, artificial 
intelligence, smart irrigation, remote sensing and biotechnology for improving the efficiency of use of 
resources and agricultural resilience is also discussed in the review. Climate change, water scarcity, soil 
degradation, food loss and waste, socio-economic inequalities and limited access to resources continue 
to be major challenges to achieve nutritional security. The Indian agricultural context is also discussed, 
highlighting opportunities and challenges for sustainable and nutrition sensitive farming. In conclusion, 
linking sustainable agriculture with nutrition, food safety, health, technological innovation and equal 
access to resources can foster resilient food systems and improved health outcomes. Future efforts 
should focus on increasing interdisciplinary collaboration and building the evidence linking sustainable 
agricultural methods with dietary diversity, nutritional adequacy, food affordability, nutritional status, and 
long-term health.  

 

Keywords: Sustainable Agriculture, Nutritional Security, Dietary Diversity, Agricultural Biodiversity and 
Artificial Intelligence. 

 
 

Introduction 

Agriculture is fundamental to the availability of food, to people's means of living, to 
environmental sustainability and to human health. Although intensive farming methods have led to higher 
productivity they have also been linked to soil degradation, water pollution, loss of biodiversity, emissions 
of greenhouse gases and a reliance on external inputs. 

 Nutritional security goes beyond simply having enough food and involves continuous access to 
safe, affordable, varied, and nutritious diets which promote health and well-being. 

The latest advances in precision agriculture, artificial intelligence, Internet of Things 
technologies, remote sensing, smart irrigation, and biotechnology now offer new possibilities for 
improving the efficiency of resource use, climate resilience, crop productivity, and the quality of food. 

_____________________________________________________________________ 
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Conceptual Understanding of Sustainable Agriculture 

 Agriculture in the U.S. experienced tremendous improvements in terms of yield increase and 
labour efficiency through the use of machinery, specialization and the intensive use of fossil fuels, 
chemical fertilizers and pesticides after World War II. Nevertheless, these intensively applied methods led 
to negative effects such as soil erosion, water contamination, emission of greenhouse gases and 
dependency on chemicals (Brodt et al.). Sustainable agriculture is defined as an approach that satisfies 
today's food requirements and preserves the ability to produce food for future generations by using 
natural resources and not compromising the environmental quality (Reganold et al.). 

• Environmental Dimension 

 Environmental sustainability is an important factor for securing nutrition security since healthy 
ecosystems ensure continuous production of healthy foods. Practices like crop rotations, cover crops, 
organic farming, agroforestry, and pest management are useful in ensuring soil fertility, water 
conservation, and biological diversity, in addition to preventing environmental degradation (Rehman et 
al., 2022). Healthy soils, which are ensured through soil nutrient balance, proper soil pH, and organic 
matter, will increase nutrients availability, water regulation, crop productivity, and carbon sequestration 
(Telo da Gama, 2023). 

• Economic Dimension 

 In agricultural sustainability, there is need for economic viability for farmers through sufficient 
production and stability in terms of income as well as being resilient to climatic and market risks. In 
addition, sustainable agriculture should be cost effective and offer economic gains in the long run in order 
to ensure adoption (Brodt et al., 2011). 

• Social Dimension 

 In relation to sustainable agriculture, the social component entails enhancing farmer well-being, 
strengthening livelihoods, equitable access to information and other resources, and promoting gender 
equality and participation in the community (Pretty, J. 2008). Enhancing farmers' access to information 
and other productive resources could be instrumental in achieving sustainability and equity in the food 
system. Gender equality is vital in improving diet quality and nutrition in the household (Harris-Fry et al., 
2020). 

• Sustainable Agriculture versus Conventional Agriculture 

 Sustainable agriculture is therefore an approach that involves proper resource utilization, 
productivity, and minimum environmental degradation using strategies such as conservation agriculture, 
agroecology, organic farming, agroforestry, integrated pest management, and precision agriculture. (Alori 
et al., 2020; Arriaga et al., 2017; Dick, 1992).Practices such as crop rotation and reduced tillage can help 
to enhance soil properties and ecosystem processes while at the same time enhancing agricultural 
productivity (Lal, 2003). 

Nutritional Security: Concept and Dimensions 

 The notion of nutritional security is multidimensional and encompasses more than just ensuring 
the availability of enough food. Rather, it involves ensuring ongoing access to a sufficient supply of good 
quality and safe diet in order to guarantee growth, development, and general well-being of a 
person(Shetty, 2015). 

• Food Security versus Nutritional Security 

 Food security focuses on having consistent access to enough food, while nutrition security is an 
extension of the former idea where access to healthy, nutritious, diverse and affordable food becomes a 
requirement for health. Hence, food security does not necessarily imply nutrition security since diet 
quality and diversity and the nutrients contained therein are important in avoiding malnutrition and related 
non-communicable diseases (Weingartner, 2009; El Bilali et al., 2019; Mozaffarian et al., 2022). 

• Dietary Diversity and Micronutrient Security 

Food diversity is one of the factors that contribute to the adequacy of nutrition because the 
greater diversity in foods leads to better chances of having all the necessary nutrients in sufficient 
amounts. Food diversity can be achieved through agricultural diversity as it provides more varieties of 
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nutrient-filled food items, whereas food diversity is also related to nutrient adequacy and food security 
(Ruel, 2003; Alam et al., 2023; Boedecker et al., 2019). 

• Nutrition-Sensitive Agriculture 

 Nutrition-sensitive agriculture is a concept that incorporates nutritional consequences within the 
context of agriculture by focusing on the nutritional value of food apart from the volume of food being 
produced. This involves the promotion of the production of diverse foods including pulses, fruits, 
vegetables, and traditional foods. Sustained production will ensure the sustainability of the food and also 
conserve resources. In addition, agricultural income and improved harvesting, processing, and market 
access will also help ensure increased access to healthy and nutritious foods for households. Therefore, 
nutrition-sensitive agriculture presents a significant approach in bridging the connection between 
sustainable food production and dietary diversity and nutrition (Ruel & Alderman, 2013; Sharma et al., 
2021). 

Linking Sustainable Agriculture with Nutritional Security 

 The connection between sustainable agriculture and nutritional security takes place via multiple 
mechanisms, especially those involving the improvement of access to a greater variety of nutrient-filled 
food sources. Diverse agricultural models like home gardening, crop rotation, integrated agriculture and 
integrated fish-livestock production offer vegetables, fruits, pulses, grains, eggs, milk and fish, 
contributing to dietary diversity and household food availability (Little & Edwards, 2003; Rani et al., 2026). 
Traditional food production systems based on cereals, millets, pulses, vegetables, fruits and animal-
sourced foods would enhance dietary diversity as well as maintain useful food-related knowledge. The 
results of agroecological approaches prove the positive effects on food security and nutrition from diverse 
crops, organic soil management and agroforestry, among other practices, although the outcomes may 
differ depending on the local environment and social setting. 

Sustainable Agriculture and Human Health 

 A sustainable agricultural system can help people have healthy diets and eat varied, safe, and 
nutritious food which helps them grow, develop properly, avoid nutrient deficiencies, and lowers their risk 
of developing diet-related non-communicable diseases (Saravanakumar et al., 2020). Food safety is also 
an important element of nutrition security since food can be contaminated with pesticides, fertilizers, 
biological hazards, heavy metals, mycotoxins, and other post-harvest hazards. 

Climate Change, Sustainable Agriculture and Nutritional Security 

 Utilization of technologies like the Internet of Things (IoT), and sensor network may enable 
farmers to collect real-time data about the state of the soil, the water condition of plants, insects and 
other pests' presence, and other environmental data. As noted by Fuentes-Peñailillo et al. (2024), these 
technologies help in making decisions based on data in order to irrigate crops optimally, provide fertilizers 
and pesticides, etc. Utilization of technologies like drones and UAVs can be used for surveys and 
tracking the development of crops in the fields. 

• Climate Change and Food Production 

 According to Lobell et al. (2012), climate trends that were observed during the last decades in 
various agricultural zones around the world developed quickly and were accompanied by an increase in 
atmospheric CO₂ and O₃ concentrations. 

• Effects on Food Quality 

 Changes in climate due to climate change do not only impact food security through changes in 
production processes but also through its possible impacts on food quality, safety, and nutritional value. 
The share of food systems in anthropogenic GHGs emissions ranges from 19% to 29%. Production 
processes in agriculture, including emissions resulting from land-use changes, account for a large part of 
these emissions. Vermeulen et al. (2012) noted that climate change will have wide-ranging, complex, and 
diverse impacts on food systems due to their geographic and socioeconomic diversity. 

• Water Scarcity 

 Water utilization must be maximized in all human activities due to growing water shortages 
resulting from climate change and population growth. Agriculture accounts for up to 70% of all global 
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water withdrawals, making it one of the biggest water users. Ingrao et al. (2023) stressed the necessity of 
shifting towards sustainable practices in food production and consumption. 

• Climate-Resilient Farming 

 Climate anomalies have been influencing agricultural output and water quality, thus 
necessitating climate-smart farming practices. Crop productivity is greatly dependent on climatic factors 
that can be influenced by climatic variations, seasonal climatic variability, climatic shocks at various 
stages of growth, and extreme climatic incidences. Starting in the 1960s, there has been an increasing 
prevalence of drought for the key crops of barley, maize, rice, sorghum, soybean, and wheat from around 
5-10% to 15-25%. Temperature increases are also predicted to decrease crop productivity, with projected 
wheat yield reductions of 5.5 ± 4.4% per °C in the US, 9.1 ± 5.4% per °C in India, and 7.8 ± 6.3% per °C 
in Russia (Srivastav et al., 2020). 

Role of Biodiversity in Sustainable Food and Nutrition Systems 

 Agricultural biodiversity includes the biodiversity in the crops, livestock, microorganisms, and the 
associated ecosystems and plays an important role in the connection between sustainable food 
production and nutritional security. Biodiversity within the ecosystem, species, and genetic level can help 
in increasing the variety of food and nutrients available, ensuring food security, and increasing the 
resilience of the food system (Toledo & Burlingame, 2006). Reliance on limited staple crops makes the 
system vulnerable to pest, disease, and climate change risks. Diversification of crops by means of 
intercropping, diversity in space and time, and genetically diverse crops increases resilience and enables 
sustainable food production (Mihrete & Mihretu, 2025). Traditional, neglected and underutilized crops, 
including millets, pulses, leafy vegetables, tubers and locally adapted varieties, could be helpful in 
securing the nutritional value through protein, vitamins, and minerals provided by these crops. The pulses 
and millets could also enable climate resilience and soil fertility, and traditional and underutilized 
vegetables would help in the development of sustainable local food systems (Ebert, 2014; Ghosh et al., 
2023; Gupta et al., 2025). 

Food Loss, Waste and Nutritional Security 

 Approximately one-third of all the food produced for human consumption is lost or wasted, which 
amounts to about 1.3 billion tons of food annually. Post-harvest and agricultural losses may happen while 
harvesting, transportation, storage, processing and marketing. Losses usually concern perishable foods 
such as fruit, vegetable and milk products that are especially vulnerable due to their vulnerability to 
physical damage and short period of storage (Rees, Farrell, & Orchard, 2012). Proper processing, which 
includes preservation, drying and fermentation, as well as proper storage of food can help in preserving 
the nutritious food longer and make it available. Additionally, agricultural waste and by-products from 
food can be used in circular agricultural systems such as making compost, animal feed or bioenergy. 
where technically and safely appropriate. Integrating efficient post-harvest management, value addition 
and circular use of agricultural resources can therefore reduce food loss and waste, improve resource 
efficiency and strengthen the contribution of sustainable agriculture to nutritional security. 

Technology and Innovation for Sustainable Agriculture 

 Technological innovations can support sustainable agriculture when they are accessible, 
affordable and adapted to farmers' needs. 

• Precision Agriculture 

 Precision agriculture can be described as a data-driven farming system, which involves the 
application of data, technologies, and data analysis in optimizing the use of agricultural inputs such as 
water, fertilizers, and pesticides. This allows for an increase in crop productivity without causing negative 
effects on the environment. Precision agriculture enables farmers to make accurate and informed 
decisions about crop production and management in addition to the proper utilization of resources and 
making farm-level decisions. Some recent technological advancements in the field of precision 
agriculture are drones, sensors, and machine learning, among others. Through the efficient utilization of 
resources as well as the maintenance of crop yields, precision agriculture provides a promising solution 
to the problems associated with feeding the growing population (Karunathilake et al., 2023). 
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• Artificial Intelligence and Digital Agriculture 

Integration of artificial intelligence (AI) with the digital agriculture is increasing as a tool for 
efficient crop management based on the data analysis. AI and machine learning can be used to analyze 
the information provided by the remote sensing and other sources in order to optimize the crop 
monitoring, disease detection, plant stress evaluation, yield prediction and resource management. A 
systematic review of 129 agricultural deep learning studies indicated the main application areas of AI in 
crop yield prediction, plant stress detection, weed and pests detection, disease detection and smart 
farming, including water and soil management. AI combined with the IoT, remote sensing, spectral 
imaging and automated agricultural technologies can provide the current data about the status of crops 
and soil in order to make more precise decisions concerning irrigation, fertilization and pest management. 
It is possible to suggest that these technologies can increase the agricultural productivity, efficiency of 
resource utilization, crop quality and sustainability in the future. (El Jarroudi et al., 2024; Sharma & 
Shivandu, 2024). 

• Smart Irrigation 

 Smart irrigation is the application of sensors and internet of things (IoT) in irrigation systems in 
order to enhance water usage efficiency and sustainable management of water in agriculture. IoT based 
smart irrigation systems have the potential to automate irrigation management, hence promoting 
sustainability in agricultural operations (Obaideen et al., 2022). 

• Remote Sensing 

 Remote sensing (RS) is one of the technologies that plays an important role in assisting the 
development of productive and sustainable agriculture through information about the state of crops and 
changes in the fields. The improvement of the capabilities of remote-sensing sensors due to the increase 
of their spectral, spatial and temporal resolution allowed obtaining additional information about the state 
of crops and the fields (Martos et al., 2021). 

• Biotechnology 

 The area of biotechnology has the potential to help in sustainable agriculture through 
improvement of plants, specifically drought resistance, resistance against pests and diseases, increased 
nutritional content of crops, increased yield, and potentially lower cost of production. Biotic and abiotic 
stresses, including pests, diseases, climate change, degradation of soils, nutrient deficiency, and water 
scarcity among others, are some of the biggest threats to agricultural sustainability. Through the field of 
biotechnology, especially genetic engineering, there is the potential to develop plants with increased 
resistance, yield, and nutritional values that will aid in meeting these challenges (Das et al., 2023; 
Wieczorek, 2003). 

Sustainable Agriculture in India 

 India has undertaken several initiatives to ensure sustainable and organic farming, including the 
Paramparagat Krishi Vikas Yojana (PKVY) and the National Mission for Sustainable Agriculture. India's 
diverse agriculture practices present various chances of establishing nutrition sensitive food systems by 
adopting the cultivation of millets, pulses, oilseeds, fruits, vegetables, livestock, and fisheries (Gupta et 
al., 2021). 

Challenges and Gaps in Achieving Nutritional Security 

 Over-reliance on few crops can limit diversification and availability of food rich in nutrients, as 
well as impact adversely agricultural productivity and provision of nutritious food due to the adverse 
effects of climate change, water shortages, degraded soils, loss of biodiversity, extreme weather 
conditions. Limited finances, fluctuations in agricultural earnings, high prices of food products, lack of 
infrastructure, and poor market access can limit access to diversified diets (Wahbeh et al., 2022). Food 
losses at the stages of harvesting, transportation, storage, processing, and marketing lower food supply 
and food safety risks can be created due to chemicals, biological contaminants, metals, mycotoxins, and 
poor post-harvesting practices. The smallholder and marginalized farmers might also experience 
inequality in access to land, financial capital, information, technology, extension, markets, and other 
innovations like artificial intelligence, Internet of Things, remote sensing, and precision agriculture. The 
adoption of sustainable agriculture would need to incorporate nutrition-sensitive production practices, 
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climate change adaptation, food safety management systems, efficient post-harvest processes, equitable 
access to resources, and relevant innovations. 

Pathways Towards Better Health 

 Nutritional goals should form part of agricultural programs alongside goals for productivity. 
Diversification of crops and diets is encouraged by producing and consuming diverse foods including 
pulses, vegetables, fruits, millets, oilseeds and other nutrient-dense foods, based on local conditions. 
Strengthening local food systems and markets will contribute to access to seasonal nutritious foods and 
support the livelihoods of farmers (Sharma et al., 2024). The agricultural extension services can combine 
the promotion of food safety and storage and post-harvest management advice to the provision of 
agricultural production advice. Women farmers and food producers need equal access to land, credit, 
technology, training and decision making. Post-harvest management of food can reduce wastage of food 
and increase availability of nutritious food without a corresponding rise in production levels. 

Future Perspectives 

 More efforts need to be made towards nutrient-sensitive and diversified agricultural production 
that includes pulses, millets, fruits, vegetables, oilseeds, livestock, and other nutrient-dense foods while 
preserving agricultural biodiversity, soil health, water, and other natural resources. Precision agriculture, 
artificial intelligence, IoT, remote sensing, smart irrigation, and biotechnology could play an essential role 
in effective resource management, climate resilience, crop improvement, and sustainable production 
provided that technologies are affordable and suitable for farmers. Future agriculture policies and 
extension programs should pay more attention to the knowledge of farmers, the participation of women, 
equality in resource availability, local food systems, food safety, and post-harvest handling. 

Conclusion 

 Sustainable agriculture and nutritional security are tightly related to each other because the 
sustainability of agricultural systems is a determinant of the availability, variety, affordability, safety, and 
nutritional value of food. The use of practices such as diversification of crops, conservation of agricultural 
biodiversity, management of soil and water resources, agroforestry, climate-resilient agriculture, nutrition-
sensitive agriculture, and post-harvest management can help in ensuring sustainability and nutrition at 
the same time. In addition, technological advancements in the form of precision agriculture, artificial 
intelligence, IoT, remote sensing, smart irrigation, and biotechnology can play a role in this context 
provided that their adaptation to the local conditions is ensured. However, there are still factors like 
climate change, degradation of resources, food loss and waste, socio-economic barriers, lack of access 
to markets, and poor integration of nutrition in agricultural planning that are significant challenges. The 
incorporation of these aspects can lead to food systems that will preserve natural resources while 
providing people with diversified and nutritious food. 
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