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Abstract- In this paper, we explore the potential of combining
environmental control systems, Internet of Things (loT)
sensors, and adaptive computervision algorithms to reduce
labor demands in organic farming. Growth conditions can be
optimized without the use of chemicals by utilizing controlled-
environment techniques, such as controlling humidity and
temperature and lighting with halogen or LED lights. Up to
95% efficiency is achieved through automated water supply
with precision irrigation using loT-enabled sprinklers. Closed
greenhouses stop pests from entering, therefore no pesticides
are used. We describe how deep-learning classifiers and
OpenCV-based image analysis allow for automated disease
identification and crop health monitoring with accuracies
higher than 90%. Recent studies have shown that there is
potential for labor reductions of 50-70%, water savings of up
to 40%, and yield gains of 15-30%. We go over system
topologies, implementation difficulties, and financial trade-
offs. We also suggest ways that future smart organic farms can
incorporate scalable data infrastructures and renewable
energy.
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I. INTRODUCTION

Due to the heavy reliance on manual labor for
operations like pest control, irrigation, and environmental
monitoring, modern organic agriculture frequently has limited
scalability and high operating expenses. Automation solutions
that maintain organic standards while lowering workforce
demands are desperately needed, as a result of growing labor
shortages and rising wage rates ScienceDirect. A promising
toolkit is provided by the convergence of 10T, precision
climate control, and computer vision: sensors can
continuously measure variables like temperature, humidity,
and soil moisture; actuators (like LED or halogen grow lights)
maintain ideal conditions; and vision systems can identify
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plant stress or disease without the need for human inspection
ScienceDirect. Combining these developments into a coherent
framework for low-manpower, cost-effective organic farming
in enclosed spaces is the aim of this review.

Il. LITERATURE REVIEW
Using Al and IoT in Agriculture

"loT-driven smart agricultural technology for real-time
soil and crop optimization,” Smart Agricultural
Technology, Volume 10, March,2025

In order to enable real-time decision support in
agriculture, recent surveys emphasize the crucial role that loT
devices play in sensing and sending environmental data—
acoustic, ambient, and vision—to cloud platforms for analysis
ScienceDirect. These data streams' Al-driven analytics enable
adaptive control schemes that dynamically modify ventilation,
lighting, and irrigation ScienceDirect.

Control of the Environment: Lighting and Temperature

"An overview of smart agriculture using internet of things
(1oT) and web services,” Environmental and Sustainability
Indicators, Volume 26, June 2025.

In vertical and greenhouse farms, maintaining the
proper temperature (usually between 21 and 26 °C) and light
spectrum is essential. Because of their capacity to recycle heat,
halogen and highpressure sodium lamps have been utilized
historically; however, contemporary LED systems provide
increased energy efficiency and spectrum tunability.
eec.org.au. Crop cycles can be shortened and yields increased
with integrated lighting-climate control platforms, all while
containing energy costs. Green.org.

Accurate Watering Systems
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"loT-based agriculture management techniques for
sustainable  farming: A comprehensive  review,"
Computers and Electronics in Agriculture, 2024.

When combined with soil-moisture sensors and
Internet of Things connectivity, pressure-driven drip and
sprinkler systems can reach water-use efficiencies of 65-95%,
as opposed to 40-70% with conventional surface methods
MDPI. Water waste and human error are significantly reduced
by autonomous irrigation systems that use realtime soil
moisture estimations to activate valves only when necessary
Frontiers.

Environment-Closed Organic Agriculture
"Look Man, No Pesticides," Wired, October 2002

Pesticide-free organic farming is made possible by
enclosed greenhouses and vertical farms, which offer physical
barriers against pests and environmental extremes. These
enclosures' integrated climate-control systems automatically
maintain temperature, CO2, and humidity setpoints, enabling
yearround production without the need for chemical inputs.
Priva.

Adaptive learning and computer vision

"Deep learning models for plant disease detection and
diagnosis,”” Computers and Electronics in Agriculture,
Volume 145, February,2018.

When paired with deep learning classifiers, OpenCV-
based pipelines may identify illnesses (such as leaf spots and
nutritional deficits) and estimate growth metrics with
accuracies higher than 90%, according to ResearchGate.
Greenhouse-specific CV models further improve detection
accuracy by utilizing multi-sensor inputs and adaptive
retraining ResearchGate, according to recent deep-learning
evaluations.

Techniques
suggested:

An architecture for a modular system is

1. Sensor Network: Install Internet of Things (10T) sensors
(temperature, humidity, soil moisture, and CO2) all
throughout a closed greenhouse. These sensors will
communicate with a central controller called
ScienceDirect via LoORaWAN or NB-loT.

2. Environmental Actuators: Utilize LED or halogen grow
lamps to regulate temperature and spectrum (eec.org.au);
incorporate sprinkler heads for irrigation MDPI and
misting nozzles for humidity.

Page | 1156

ISSN [ONLINE]: 2395-1052

3. Control Algorithm: Use realtime sensor data to drive
PIDbased climate control loops that are adjusted to crop-
specific setpoints.

4. Computer Vision Module: Install RGB and NIR
cameras; use a CNN trained on annotated ResearchGate
datasets to diagnose illness stages; segment foliage using
adaptive thresholding; and preprocess photos (contrast,
color correction).

5. Adaptive Learning: Use online learning to continuously
improve the CNN to account for seasonal and varietal
variations ScienceDirect.

6. User Interface: Give farm managers access to a
dashboard where they may check past trends, override
controls, and see system status.

I11. FINDINGS

Performance indicators presented in the literature
show that:

* Labor Reduction: 50— 70% less manual intervention is
required when climate control and automated irrigation
are used.

* Water Savings: loT-based precision irrigation reduces
consumption by 30-40% MDPI and achieves up to 95%
water-use efficiency.

* Yield Improvements: Compared to traditional
greenhouses, controlledenvironment lighting and climate
controls produce 15%-30% more biomass.

*  Green.org.

» Disease Detection: Without the need for time-consuming
scouting, CV models can identify foliar diseases with 90—
95% accuracy, allowing for early action ResearchGate.

*  Elimination of Pesticides: Priva completely eradicates the
usage of chemical pesticides in closed-area organic
systems.

IVV. CONVERSATION

While preserving or enhancing agricultural
performance, the combination of loT and computer vision
drastically reduces labor expenses and resource inputs.
Continuous monitoring, data-driven decision-making, and
quick reaction to stressful situations are some of the main
benefits. There are still issues, though, such as the high initial
cost of sensors and cameras, continuous energy expenses
(particularly for lighting), and the requirement for reliable,
secure data networks. Periodic maintenance is also necessary
for sensor calibration and model drift. These expenses must be
weighed against labor savings and yield gains in economic
studies. ScienceDirect.
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V. CONCLUSION

A feasible route to economical organic farming with
little labor is provided by combining loT-driven
environmental management with adaptive computer-vision
monitoring in closed, pesticide-free systems. Future research
should look into expanding to different crops and multi-layer
vertical systems, integrating with solar or wind power to offset
energy demands, and wusing scalable edge computer
architectures for onsite analytics.
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