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ABSTRACT

New approaches to agricultural production are needed in light of the growing de-
mand for food production brought on by population growth, resource scarcity, and
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climate change. The solutions to these problems have been developed by combining
Al nanotechnology, and autonomous systems. Applications of Al support precision
farming, yield prediction, crop monitoring, andimprovedfood safety. Nanotechnology
enhances food quality, microbial detection, and shelf-life prediction, mostly through
Al-powered nano-sensors and smart packaging. Autonomous systems reduce labor
dependency by enabling automated seeding, watering, and harvesting. Agricultural
markets are more efficient because of Al-driven supply chain optimization, market data
analysis, and traceability. However, problems like scalability, operational expenses,
and data quality still exist in spite of these advancements. This chapter emphasizes
the value of corporate partnerships, targeted research, and policy interventions in
advancing market-based innovations, sustainable farming methods, and food safety.

1. INTRODUCTION
1.1 Background

Agroecosystems are greatly impacted by mining, industrial processes, and agri-
cultural practices, all of which call for sophisticated methods to lessen their negative
environmental effects (Padhiary & Kumar, 2024a). Nanotechnology, which is the
manipulation of materials at the nanoscale (1-100 nm), has given a new dimension
to agricultural and food production by enhancing crop yield, food quality, and safety
via targeted delivery systems, precision monitoring, and innovative food packag-
ing. Nanoparticles deliver nutrients and agrochemicals directly to plants, reducing
wastage and environmental contamination (Padhiary, Roy, et al., 2025; Singh et
al., 2021). Nano-sensors detect soil conditions, nutrient deficiencies, and pests in
real-time, enabling precision agriculture. Smart delivery systems optimize resource
utilization. In food processing and quality control, nano-encapsulation improves the
bioavailability of nutrients, vitamins, and bioactive compounds. Nano-sensors detect
contaminants, ensuring food safety throughout the supply chain. Smart packaging
with antimicrobial and barrier properties extends shelf life, reducing food waste
(Nasutionetal., 2023). Nanotechnology also offers environmental and sustainability
benefits by optimizing inputs, reducing waste, and enhancing food preservation. It
bridges the gap between food security and sustainability by improving agricultural
productivity, food safety, and consumer trust.

Autonomous farming, a trend fueled by robotics, artificial intelligence (Al), and
the Internet of Things (IoT), is changing agricultural practices by automating key
tasks, reducing labor dependency, and improving operational efficiency (Padhiary,
2025). This includes precision farming, where autonomous tractors, drones, and
robotic equipment perform tasks like planting, irrigation, fertilization, and harvesting

240



38 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/chapter/emerging-trends-in-nanotechnology-

autonomous-farms-and-collaborative-agri-industry-
marketing/385494

Related Content

Providing an Attractive Environment for People to Engage in Health
Activities: Serving with Landscape

Hung-Pin Hsu (2016). International Journal of Conceptual Structures and Smart
Applications (pp. 38-54).
www.irma-international.org/article/providing-an-attractive-environment-for-people-to-engage-in-
health-activities/176586

Reverse Engineering of Object-Oriented Code: An ADM Approach
Liliana Favre, Liliana Martinezand Claudia Pereira (2018). Intelligent Systems:
Concepts, Methodologies, Tools, and Applications (pp. 424-447).
www.irma-international.org/chapter/reverse-engineering-of-object-oriented-code/205794

Sustainable Cities: A Pathway to Achieving UN Sustainable Development
Goal 11

Gargee Gavhane, Atharva Saraf, Alishba Siddiqui, Susanta Das, Rebika Singh,
Kamaljeet Kaur Siddhu, Nishakant Ojhaand Rakesh Kumar Jain (2025). Ethical
Impacts of Using Al for Sustainable Development (pp. 217-248).
www.irma-international.org/chapter/sustainable-cities/379484

English Teachers' Cognitions of the Role of Al in Supporting Learners'
Autonomous Reading Practices

Ozlem Utku-Bilici (2026). Reshaping Language and Cogpnition in Education Through
Al (pp. 167-196).
www.irma-international.org/chapter/english-teachers-cognitions-of-the-role-of-ai-in-supporting-

learners-autonomous-reading-practices/403450

Understanding File System Forensics: FAT, NTFS, HFS, and EXT

Henil Sanjaykumar Gandhiand Aryan Dinesh Deshmukh (2025). Digital Forensics in
the Age of Al (pp. 177-194).
www.irma-international.org/chapter/understanding-file-system-forensics/367315



http://www.igi-global.com/chapter/emerging-trends-in-nanotechnology-autonomous-farms-and-collaborative-agri-industry-marketing/385494
http://www.igi-global.com/chapter/emerging-trends-in-nanotechnology-autonomous-farms-and-collaborative-agri-industry-marketing/385494
http://www.igi-global.com/chapter/emerging-trends-in-nanotechnology-autonomous-farms-and-collaborative-agri-industry-marketing/385494
http://www.igi-global.com/chapter/emerging-trends-in-nanotechnology-autonomous-farms-and-collaborative-agri-industry-marketing/385494
http://www.irma-international.org/article/providing-an-attractive-environment-for-people-to-engage-in-health-activities/176586
http://www.irma-international.org/article/providing-an-attractive-environment-for-people-to-engage-in-health-activities/176586
http://www.irma-international.org/chapter/reverse-engineering-of-object-oriented-code/205794
http://www.irma-international.org/chapter/sustainable-cities/379484
http://www.irma-international.org/chapter/english-teachers-cognitions-of-the-role-of-ai-in-supporting-learners-autonomous-reading-practices/403450
http://www.irma-international.org/chapter/english-teachers-cognitions-of-the-role-of-ai-in-supporting-learners-autonomous-reading-practices/403450
http://www.irma-international.org/chapter/understanding-file-system-forensics/367315

