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ABSTRACT

Traditional farming practices have increasingly given place to precision agriculture
and IoT to bring in more efficient and sustainable crop management. The chapter
deals with the development of an integrated framework for the optimization of the
exploited greenhouse conditions using sensors and machine learning techniques
for crop disease prediction and management. The proposed chapter presents a
comprehensive framework for optimizing environments through the integration of
sensors like temperature, humidity, soil moisture, CO2, and leaf wetness that has to
be self-powered and battery-free and machine learning technologies. The purpose
of the introduced framework is to provide an in-depth road map for combining
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advanced technology into agriculture and stimulating productive and sustainable
farming practices. The framework is a significant milestone towards the future of
precision agriculture that ensures economic stability and food security by using
sensors and machine learning technologies.

INTRODUCTION

Under the banner of sustainable agriculture, optimizing greenhouse conditions
has become one strategy of promoting crop production with the least amount of
resource input. Traditional farming practices are quite limiting in dealing with the
complexity of plant growth in dynamics for the plant being cultivated, especially in
controlled environments such as a greenhouse. Integration with advanced technologies
like battery-free wireless sensors should help revolutionize agricultural practices
and provide real-time data information on the environmental conditions such as
temperature, humidity, and even soil moisture. This will enable farmers to make
better decisions for healthier crops and reduce waste through a data-based approach.

The special advantage here is that there is no necessity for frequent battery
replacement, which may be costly as well as environmentally detrimental. Energy
harvesting techniques form the basis of sensor systems monitoring key parameters
of greenhouse conditions continuously. Sensors along with strong data analytics
help capture critical insights into greenhouse management. This information could
then be used by agricultural practitioners to fine-tune environmental parameters for
optimal growth environments to enhance plant resilience towards diseases and pests.
It is at this level that machine learning models deliver predictive capabilities toward
crop disease management. This therefore achieves pattern identification of what may
come before a disease outbreak from the analysis of historical data as well as real-
time inputs from the wireless sensors. This therefore helps the farmer to intervene
with targeted efforts prior to a disease outbreak, hence improving productivity and
sustainability. Synergistic effect: it is coupled with integrating battery-free wireless
sensors and machine learning to optimize greenhouse conditions and improve the
farmer's health and longevity under changing conditions.

Overview of Smart Agriculture

Smartagriculture refers to the revolution in agriculture concerning the integration
of advanced technologies such as the Internet of Things (IoT), machine learning
(ML), and wireless sensors. However, itis these innovations that really play important
roles in optimizing greenhouse conditions and hence allow for the proper monitoring
and management of environmental factors that are crucial for the growth of plants.
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