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ABSTRACT

Contemporary agriculture is having major difficulties in assuring nutrient delivery
and caring for the environment. The paper proposes integrating quantum machine
learning (OML) techniques with precision agriculture tools to bring improvements
to nutrient management. Predicting the correct amount, timing and distribution of
fertilizer works much better with our new quantum-based strategy than with estab-
lished ones. Analyzing the interactions among soil, plants and the atmosphere with
quantum variational circuits and quantum kernel methods allows us to predict how
much fertilizer is needed with an accuracy of 94.7% and helps lower waste by 38.2%.
With QAOA implementation, real-time adjustments can be done in variable-rate
systems. This type of research aims to overcome important problems with current
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algorithms unable to work with high-dimensional datasets in agriculture. This work
creates the base for new agriculture systems that help achieve high crop yields while
keeping the environment safe through quick and effective methods of optimization.

1. INTRODUCTION
1.1 Global Agricultural Challenges and Food Security

The world faces an unprecedented challenge in feeding a projected global
population of 9.7 billion by 2050 while simultaneously addressing environmental
degradation, climate change, and resource scarcity (FAO, 2017). To satisfy food
requirements of future generations, agricultural systems will have to become more
productive, nearly 70 percent more productive, but present activities fashion systems
that reduce sustainability in the long term by overusing fertilizers, degrading soil
composition, and polluting the environment (Godfray et al., 2010).

The modernized form of agriculture is faced with a paradoxical situation whereby
more production has to be achieved without altering the environment. Conventional
nutrient control systems normally lay fertilizer across all fields regardless of spatial
and temporal differences in the soil, crop needs, and environmental conditions (Zhang
et al., 2002). The net outcome of this one-size-fits-all method is that the efficiency
of using nitrogen in the production of cereals around the world is only 33 percent
on average (Ladha et al., 2005). Environmental impacts are grave such as water
body eutrophication, emission of greenhouse gases, and biodiversity degradation
(Sutton et al.,2011).

1.2 The Promise and Limitations of Precision Agriculture

Precision Agriculture has come out as a solution to all these issues by offering
the opportunity to manage a site under real time scenarios using advanced analyt-
ics and data (Stafford, 2000). Variable rate technology (VRT) enables farmers to
apply inputs in specific location and time to reduce wastage without affecting or
enhancing the yield (Blackmore et al., 2003). Nonetheless, agricultural systems are
highly complex, and as such, their computation poses a challenge to the application
of modern precision agriculture strategies.

Agricultural decision making encompasses many interacting factors such as soil
characteristics, weather, bio-genetic characteristics of crops, presence of pests, and
market (Jones et al., 2017). These variables have relationships that are non-linear,
non-contextual and increasingly optimization problems as the number of variables
to consider increases exponentially. On this account, classical machine learning

112



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/leveraging-quantum-machine-learning-

for-precision-nutrient-management-in-sustainable-crop-
production/394451

Related Content

Skin Cancer Prediction Using Soft Networking and Quantum Networking
Approaches

A. Kavithaand C. Karthiga (2025). Al and Quantum Network Applications in Business
and Medicine (pp. 459-476).
www.irma-international.org/chapter/skin-cancer-prediction-using-soft-networking-and-quantum-

networking-approaches/366441

Precision Agriculture and Resource Optimization Using Artificial Intelligence
Techniques

P. Venkadesh, S. V. Divya, P. Dinesh Kumarand A. Kaviya (2026). Revolutionizing
Sustainable Food Production With Quantum Computing (pp. 79-110).

www.irma-international.org/chapter/precision-agriculture-and-resource-optimization-using-

artificial-intelligence-techniques/394450

ProtectoLink Ease DeFi and Investing With Quantum Al and Its Applications
in Blockchain Technology

N. Senthilrajan, O. S. D. Sankhya Siddhesh, A. Varunand R. Vidhya (2025). Quantum
Al and its Applications in Blockchain Technology (pp. 57-74).

www.irma-international.org/chapter/protectolink-ease-defi-and-investing-with-quantum-ai-and-

its-applications-in-blockchain-technology/367340

Design and Performance Evaluation of Smart Job First Multilevel Feedback
Queue (SJIFMLFQ) Scheduling Algorithm With Dynamic Smart Time
Quantum

Amit Kumar Gupta, Narendra Singh Yadavand Dinesh Goyal (2021). Research
Anthology on Advancements in Quantum Technology (pp. 111-126).
www.irma-international.org/chapter/design-and-performance-evaluation-of-smart-job-first-

multilevel-feedback-queue-sjfmlfg-scheduling-algorithm-with-dynamic-smart-time-
quantum/277771



http://www.igi-global.com/chapter/leveraging-quantum-machine-learning-for-precision-nutrient-management-in-sustainable-crop-production/394451
http://www.igi-global.com/chapter/leveraging-quantum-machine-learning-for-precision-nutrient-management-in-sustainable-crop-production/394451
http://www.igi-global.com/chapter/leveraging-quantum-machine-learning-for-precision-nutrient-management-in-sustainable-crop-production/394451
http://www.igi-global.com/chapter/leveraging-quantum-machine-learning-for-precision-nutrient-management-in-sustainable-crop-production/394451
http://www.irma-international.org/chapter/skin-cancer-prediction-using-soft-networking-and-quantum-networking-approaches/366441
http://www.irma-international.org/chapter/skin-cancer-prediction-using-soft-networking-and-quantum-networking-approaches/366441
http://www.irma-international.org/chapter/precision-agriculture-and-resource-optimization-using-artificial-intelligence-techniques/394450
http://www.irma-international.org/chapter/precision-agriculture-and-resource-optimization-using-artificial-intelligence-techniques/394450
http://www.irma-international.org/chapter/protectolink-ease-defi-and-investing-with-quantum-ai-and-its-applications-in-blockchain-technology/367340
http://www.irma-international.org/chapter/protectolink-ease-defi-and-investing-with-quantum-ai-and-its-applications-in-blockchain-technology/367340
http://www.irma-international.org/chapter/design-and-performance-evaluation-of-smart-job-first-multilevel-feedback-queue-sjfmlfq-scheduling-algorithm-with-dynamic-smart-time-quantum/277771
http://www.irma-international.org/chapter/design-and-performance-evaluation-of-smart-job-first-multilevel-feedback-queue-sjfmlfq-scheduling-algorithm-with-dynamic-smart-time-quantum/277771
http://www.irma-international.org/chapter/design-and-performance-evaluation-of-smart-job-first-multilevel-feedback-queue-sjfmlfq-scheduling-algorithm-with-dynamic-smart-time-quantum/277771

Cyber Security: New Realities for Industry 4.0 and Society 5.0

Atharva Deshmukh, Disha Sunil Patil, Gulshan Soniand Amit Kumar Tyagi (2023).
Handbook of Research on Quantum Computing for Smart Environments (pp. 299-
325).

www.irma-international.org/chapter/cyber-security/319875



http://www.irma-international.org/chapter/cyber-security/319875

