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Abstract
Agriculture is the foundation of rural livelihoods, especially in Northeast India, where most farmers

depend on small and diversified farm enterprises. Yet, changeable weather, soil degradation, and
unstable market conditions make farming increasingly difficult. Integrated Farming Systems (IFS),
which combine crops, livestock, aquaculture, and horticulture, offer a sustainable path forward by
making better use of local resources and minimizing waste. However, traditional IFS practices often
rely on farmer experience rather than precise data. The introduction of Artificial Intelligence (Al) and
the Internet of Things (loT) has changed this dynamic by bringing data-driven insights and
automation to farm management. Through the use of sensors, drones, and predictive models, farmers
can now monitor soil health (tracking pH shifts, nutrient depletion), livestock activity, and water
quality in real time, allowing them to make correct decisions and respond quickly to emerging
challenges. Case examples from Assam highlight how Al and loT tools improve productivity, reduce
disease risks, and connect farmers directly with markets through digital platforms. These technologies
also open new opportunities for learning and collaboration, enabling farmers to share knowledge and
access online training resources. Despite persistent barriers such as poor internet connectivity, high
equipment costs, and data-privacy issues, the adoption of Al- and loT-enabled IFS promises a more
efficient, profitable, and sustainable agricultural future. With the right policy support, capacity
building, and community engagement, smart integrated farming can strengthen food security, rural
income, and environmental resilience.
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1. Introduction

Agriculture has long been essential to human livelihoods, sustaining communities and
providing daily necessities. However, farmers have faced an increasing number of challenges
in recent decades, such as unpredictable weather patterns, degraded soil, fluctuating market
conditions, and the need to feed a growing population. The complexity of farming is
increased in Northeast India, where smallholder farmers usually manage a combination of
integrated farming, for example - small-scale pig farms, dairy farms, poultry farms, rice
paddies and fisheries.
Integrated Farming Systems (IFS), which link different agricultural components in a
complementary way, offer a solution to these issues. Traditional IFS has shown benefits in
efficiency and risk reduction, but it often relies more on experience than on systematic data.
With the advent of artificial intelligence (Al) and the internet of things (loT), this
environment has begun to change. 10T devices continuously monitor soil, crops, livestock,
and aquaculture, enabling timely interventions, while Al can identify trends, forecast results,
and warn farmers of possible issues.
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Using actual cases from farms in Assam and the surrounding areas, this chapter examines
how Al and loT can improve IFS with an emphasis on useful applications, market
connections, and knowledge sharing tactics.

2. Integrated Farming Systems: Concept and Significance

Crops, livestock, poultry, fisheries, horticulture, and agroforestry are all integrated into
integrated farming systems. One component's outputs are frequently used as inputs for
another: aquaculture by-products can fertilize crops, livestock manure enriches soil or powers
biogas plants, and crop residues feed livestock. By using resources continuously, waste is
decreased and overall efficiency is raised. IFS offer advantages beyond increased
productivity. Farmers benefit from increased food and nutrition security, diversified revenue
streams, and decreased susceptibility to market or climatic shocks. Many smallholder farmers
in Assam observe that integrating piggery with rice and fish farming and duck farming with
fish farming guarantees year-round income and sustenance. Not with standing these benefits,
there are still issues like poor market integration, little mechanization, and no real-time
monitoring. Incorporating Al and IoT can help farmers overcome these obstacles and realize
the full potential of IFS.

3. Role of Al and 10T in Agriculture

Al and IoT technologies changing the decision-making in agriculture. Al systems evaluate
the continuous data collected by 10T devices, such as wearable livestock monitors and soil
moisture sensors, to produce insights that can be put to use. Many farmers in Japan, China
and outside India are using this technique. But now Indian farmers are also using this
technique. Timely intervention is made possible by machine learning algorithms that identify
early indicators of animal or crop disease. Weather impacts are predicted by predictive
models, which help determine when to sow and harvest. Al and 10T enable farmers to
optimize multiple businesses at once, supporting sustainability and productivity in areas like
Northeast India that are dominated by smallholder farms.

4. Al and 10T Applications in Integrated Farming Systems

Crop Management: Soil sensors measure moisture, nutrient levels, and pH, allowing precise
application of fertilizers and water. Drones provide aerial views to identify pest infestations
or growth problems early. In Assam, rice fields surveyed by drones have seen pest outbreaks
controlled before they spread widely.

Livestock Management: Wearable sensors monitor activity, temperature, and feeding
behaviour. Al-based feeding systems optimize rations, reducing costs and supporting healthy
growth. Predictive analytics can warn farmers of potential disease outbreaks, enabling pre-
emptive measures.

Aquaculture: Sensors track water temperature, pH, and oxygen levels. Automated feeders
provide consistent nutrition, and computer vision estimates fish growth, guiding harvest
schedules.

Poultry and Pig Farming: Environmental sensors maintain optimal temperature and
ventilation. Image analysis detects abnormal behaviour, signalling stress or illness early.
Predictive Al models forecast disease likelihood, enhancing farm biosecurity.

By connecting previously disconnected farm activities into a coherent system, Al and loT
help farmers make informed decisions in real time, increasing productivity and sustainability.
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5. Commerce and Market Linkages

Profitable links between farms and markets are made possible by technology. Access to
digital marketplaces is made possible by Al and ICT platforms, which lessen reliance on
middlemen. In order to increase revenue and lower post-harvest losses, cooperatives in
Assam use smartphone apps to sell fish, eggs, and vegetables straight to towns. loT-enhanced
logistics allow for traceability and maintain product quality. Al-powered credit scoring makes
insurance and loans available to smallholder farmers. By using predictive analytics to guide
marketing and planting choices, integrated farms are made to be both economically strategic
and productive.

6. Teaching, Training, and Knowledge Dissemination

Adopting Al and IoT requires knowledge. ICT platforms deliver training via mobile apps,
video tutorials, and online courses. Extension officers provide real-time guidance through
virtual consultations, reducing the need for physical visits.

Higher education institutions expose students to smart farm simulations, precision agriculture
models, and decision-support tools. Farmer cooperatives share data and insights collectively,
enhancing community learning. Embedding Al and ICT into education ensures that current
and future farmers are prepared to manage advanced integrated farms effectively.

7. Challenges and Limitations

loT and Al have real-world obstacles despite their potential. Rural internet connectivity can
be erratic, and equipment costs are high. Farmers might not be able to decipher complicated
data. Data security and privacy are further issues. It can be challenging to apply research-
based solutions to a variety of field conditions. Governments, tech companies, and local
communities must work together to address these problems and create workable, secure
solutions.

8. Future Directions

Future innovations may include digital twins that simulate farm operations, Al-driven
predictive models for disease and pest outbreaks, and blockchain systems that enhance supply
chain transparency. Climate-adaptive Al models can support resilience against extreme
weather, and shared digital platforms can reduce costs through cooperative infrastructure.
These developments suggest a future where agriculture is efficient, resilient, and
environmentally sustainable.

9. Conclusion

Agriculture can become more resilient, profitable, and sustainable by incorporating Al and
loT into Integrated Farming Systems. Farmers can maximize output and diversify revenue
streams by integrating crops, livestock, aquaculture, and poultry through predictive analytics
and ongoing monitoring. Market access is strengthened by digital tools, and communities are
empowered to embrace these innovations through education. Smart integrated farming has
the potential to significantly contribute to food security, rural livelihoods, and environmental
control with the help of cooperative platforms, supportive policies, and continuing research.

References

&dited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang
Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam, India



o Deenccience Multidisciplinary Research: Innovations in Science, Arts and Commerce
0 cepmeence Published in October 2025 by Deep Science Publishing (USA | UK | India | Turkey)
ISBN: 978-93-7185-157-2 | E-ISBN: 978-93-7185-737-6 | DOI: https://doi.org/10.70593/978-93-7185-737-6

1. Wolfert, S., Ge, L., Verdouw, C., & Bogaardt, M. J. (2017). Big Data in Smart
Farming — A review. Agricultural Systems, 153, 69-80.

2. Liakos, K. G., Busato, P., Moshou, D., Pearson, S., & Bochtis, D. (2018). Machine
learning in agriculture: A review. Sensors, 18(8), 2674.

3. Kamilaris, A., Kartakoullis, A., & Prenafeta-Boldu, F. X. (2017). A review on the
practice of big data analysis in agriculture. Computers and Electronics in Agriculture,
143, 23-37.

4. Singh, A. K., & Kumar, A. (2022). Role of 10T in agriculture for smart farming:
Applications and challenges. Journal of Scientific Research and Reports, 28(3), 42—
55.

5. FAO (2021). Digital Agriculture: Transforming Agriculture with ICTs. Food and
Agriculture Organization of the United Nations.

&dited by: Dr. Sisir Kumar Rajbongshi | Dr. Kshirod Sarmah | Dr. Rajdeep Ghosh | Dharmeswar Tarang
Department of Computer Science, Pandit Deendayal Upadhyaya Adarsha Mahavidyalaya, Amjonga, Goalpara, Assam, India



