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ABSTRACT

Plant diseases are a major threat to global agricultural productivity and food security.
Traditional methods of disease detection, relying on visual inspections and manual scouting,
are time-consuming, subjective, and often inadequate for early-stage diagnosis. In response,
image sensing technologies have emerged as innovative, non-invasive tools capable of
detecting and managing plant diseases with high accuracy and efficiency. This review
explores the principles, types, and applications of image sensing in plant disease
management, focusing on imaging modalities such as Red, Green, Blue, multispectral,
hyperspectral, thermal, and fluorescence imaging. These technologies, especially when
integrated with artificial intelligence and machine learning, allow for early detection, disease
classification, spatial mapping, and targeted treatment, supporting precision agriculture.
Despite their potential, challenges such as high costs, technical complexity, environmental
variability, and the need for standardized datasets hinder widespread adoption. Looking
forward, advancements in artificial intelligence, edge computing, and mobile-based
platforms, along with institutional support and farmer training, are expected to drive the
scalable and sustainable use of image sensing in modern plant pathology.
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INTRODUCTION

lant diseases are one of the major biotic

stresses that significantly affect global

agricultural productivity, resulting in
substantial economic losses and threats to food
security.  Traditional disease  detection
methods, which often rely on manual scouting
and visual symptom recognition, are labor-
intensive, subjective, and often ineffective for
early diagnosis. These limitations necessitate
the development and adoption of innovative,
precise, and scalable technologies for effective
plant discase management. In recent years,
image sensing technology has emerged as a
powerful, non-invasive, and high-throughput
approach for the early detection, monitoring,
and diagnosis of plant diseases. This
technology involves the capture and analysis
of visual data using imaging sensors, which
can detect changes in plant health and
physiology often before visible symptoms
appear. The integration of image sensing with
artificial intelligence (AI), machine learning
(ML), and data analytics further enhances its
diagnostic accuracy and application efficiency
in real-time field conditions (Calderon et al.,
2013).

Various types of imaging systems including
RGB, multispectral, hyperspectral, thermal,
and fluorescence imaging have shown
promising results in identifying disease-
specific signatures and stress indicators in
crops. These sensors can be mounted on
handheld devices, unmanned aerial vehicles
(UAVs), ground-based robots, or satellite
platforms, enabling monitoring at multiple
spatial and temporal scales (Polder et
al.,2019).

The deployment of image sensing technologies
in plant pathology not only accelerates the
detection process but also supports precision
agriculture practices, reduces unnecessary
pesticide applications, and contributes to
environmentally sustainable farming. With
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continuous advancements in sensor
technologies, image processing algorithms,
and computational tools, image sensing is
rapidly transforming from an experimental
tool into a vital component of integrated
disease management (IDM) strategies.

This article explores the principles,
methodologies, applications, and future
prospects of image sensing in plant disease
management, aiming to contribute to the
development of smart, data-driven solutions
for sustainable agriculture.

What is Image Sensing?

Image sensing refers to the process of
capturing visual information from an object or
surface using electronic devices known as
image sensors. In the context of plant disease
management, 1image sensing involves
acquiring images of plants or plant parts using
various imaging systems and analyzing these
images to detect abnormalities or disease

symptoms.

An image sensor is a device that converts light
into electronic signals, enabling the recording
of visual data in the form of digital images.
These sensors are commonly found in devices
such as cameras, smart phones, drones, and
satellites. By utilizing image sensing, it
becomes possible to monitor plant health non-
destructively and detect subtle physiological
changes that are often invisible to the naked
eye (Mabhlein et al.,2013 and Barbedo, J. A.
2013).

Image sensing technologies function by
measuring light reflectance, absorption, or
emission from plant tissues across different
wavelengths. These may include visible
(RGB), near-infrared (NIR), shortwave
infrared (SWIR), or thermal infrared bands.
Advanced forms of image sensing, such as
hyperspectral and multispectral imaging, allow
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for the detection of disease-induced stress by specific and disease | mildew in
. . bands at early | wheat using
analyzing the spectral signature of plant including stages. drone-based
surfaces. Table 1 illustrates the different types visible and multispectr
. . . . near- al sensor.
of image sensing technologies used in plant infrared.
atholo Hyperspectr Cap?ures Detects ' Early.
p gy al Imaging | detailed data | biochemical detection of
) ) (HSI) across and downy
Key components of an 1mage sensing system hundreds of | physiologica | mildew in
include: narrow, 1 changes | grapevine.
Include: continuous before
spectral visible
 Imaging device (camera or sensor) R0, DS
appear.
. . . Thermal Measures Useful  for | Identificatio
o Light source (natural sunlight or artificial Imaging temperature | detecting n of
illumination) differences wilting, root ngarlum -
on plant | rot, and | wilt in
surfaces water-stress- | banana.
e Platform for deployment (c.g., drone, using related
inod. rob i infrared diseases.
tripod, robot, satellite) SenSOrs.
Chlorophyll Measures Detects Early
e Data acquisition and processing software Fluorescence | chlorophyll disruptions detection of
Imaging fluorescence | in plant | viral
. . to assess | health due to | infection in
Once images are captured, computational photosynthet | stress or | tobacco.
: . . . i ivity. hogens.
hni h as im T ing, machin lc activity pathog
tec . ques such as agep .O.CCSS g, mac © 3D Imaging / | Uses  laser | Tracks Monitoring
learning, and pattern recognition are employed LiDAR scanning to | morphologic | stem blight
. . . generate 3D | al changes | impact on
to interpret the data. These tools can identify plant and disease | plant
and quantify disease symptoms such as leaf structures progression | structure in
. . . ol . and canopy | over time. soybean.
discoloration, necrosis, wilting, and lesion data.

formation. In summary, image sensing is a

non-invasive, real-time monitoring tool that
provides critical insights into plant health
status. Its integration into plant disease
management offers the potential for early
detection, automated diagnosis, and site-
specific interventions, ultimately contributing
to increased crop productivity and reduced
reliance on chemical inputs. Table 2 illustrates
the different applications of image sensing in
plant disease management.

Table.1. Types of Image Sensing Technologies in

Plant Pathology
Type of | Description Application | Example
Imaging in Plant
Pathology
RGB Captures Detects Detection
Imaging images in | visible of leaf spot
red, green, | symptoms in tomato
and blue | like lesions, | using
(visible spots, and | smartphone
light) using | blights. camera.
standard
cameras.
Multispectral Captures Identifies Detection
Imaging data in a few | plant stress | of powdery
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Table.2. Applications of image sensing in plant

Application
Area

Early Disease
Detection

Disease
Diagnosis and
Classification

Disease
Mapping and
Surveillance

Precision
Agriculture
and Targeted
Control

disease management

Description

Identifies
physiological changes
in plants  before
visible symptoms
appear; enables timely
intervention and
reduces yield losses.
Differentiates
between various types
of diseases based on
spectral and spatial

features; Al  and
machine learning
automate accurate
diagnosis.

Generates  real-time
maps of disease
spread across fields or
regions; useful for
large-scale monitoring
and outbreak tracking.
Supports site-specific

application of
fungicides or
biocontrol agents;

reduces input costs
and environmental
impact.

Example

Early detection
of late blight in

potato using
hyperspectral
imaging.

Distinguishing
bacterial blight
and leaf rust in
wheat using
RGB and Al
tools.

UAV-based
multispectral
imaging to map
powdery mildew
in vineyards.

Thermal

imaging to
identify hotspots
for precision
spraying.
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Monitoring Tracks disease | Weekly drone
Disease development and | imaging to
Progression spread over time; | monitor rust

useful in evaluating = development in
the efficacy of | soybean.
treatments.

Support for | Integrates image data | Image sensing

Decision- with weather, soil, | integrated with
Making and sensor | DSS for timely
Systems information for | fungicide

predictive modeling; | application in
provides  actionable | rice blast.
insights.

Challenges and Limitations of Image
Sensing in Plant Disease Management

Despite its transformative potential, the
practical application of image sensing
technologies in plant disease management is
constrained by several challenges and
limitations. One of the foremost barriers is the
high initial cost associated with advanced
imaging systems such as hyperspectral
cameras, thermal sensors, and drone platforms,
making them less accessible to small and
resource-limited farmers. Additionally, the
technical complexity involved in sensor
calibration, image acquisition, and data
analysis requires specialized knowledge,
particularly for interpreting multispectral or
hyperspectral data using Al and machine
learning tools. Environmental factors pose
another significant challenge, as variations in
lighting, background interference, humidity,
and weather conditions can impact image
quality and consistency, especially in outdoor
environments. Moreover, the limited ability to
detect internal or subtle symptoms, such as
those associated with vascular wilts or
systemic infections, restricts the effectiveness
of visual imaging. Although thermal and
fluorescence imaging offer some advantages,
their use under field conditions remains
limited.

Furthermore, high-resolution imaging
generates large volumes of data, necessitating

substantial storage capacity and processing
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power, which can become a bottleneck for
long-term or large-scale deployment. The lack
of standardized and annotated image datasets
for various crops and diseases also hinders the
development and validation of robust,
transferable  machine learning  models.
Compounding this is the crop- and disease-
specific nature of many models, which require
customization for different environments,
increasing both time and cost. Finally,
regulatory and operational constraints, such as
legal restrictions on drone usage and data
privacy concerns, may limit deployment in
certain regions. Additionally, many farmers
remain hesitant to adopt these technologies
due to unfamiliarity, lack of training, or
insufficient institutional support. Addressing
these multifaceted limitations is essential for
the successful integration of image sensing
into practical, field-level plant disease
management systems.

CONCLUSION

Image sensing has emerged as a revolutionary
tool in modern plant disease management,
offering non-invasive, rapid, and accurate
detection of plant health anomalies. The
integration of various imaging technologies
such as RGB, multispectral, hyperspectral,
thermal, and fluorescence imaging with
artificial intelligence and machine learning has
significantly enhanced the capacity to monitor,
diagnose, and manage plant diseases at various
scales, from individual plants to large
agricultural landscapes.

By enabling early detection, disease mapping,
and site-specific treatment, image sensing
contributes to reduced chemical usage,
improved crop productivity, and sustainable
farming practices. The technology has shown
promising applications in both research and
real-time field management. However, its full
potential is yet to be realized due to existing
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challenges, including high equipment costs,
data processing complexity, environmental
variability, and the need for standardized
models and datasets.

Future Prospects

The future of image sensing in plant disease
management is highly promising, with rapid
advancements in sensor technologies, artificial
intelligence, and digital agriculture paving the
widespread adoption. The
integration of edge computing and Al will
enable real-time, in-field disease detection

way for its

using compact and cost-effective devices.
Development of smart phone-based imaging
tools and user-friendly mobile applications
will empower farmers to diagnose and manage
plant diseases independently. Furthermore, the
creation of standardized, annotated image
datasets across diverse crops and regions will
enhance the accuracy and generalizability of
machine learning models. The fusion of image
data with other datasets such as weather, soil,
and genomic information will support the
support
systems for precision agriculture. With
increased government support, farmer training,
efforts, image
sensing technologies are expected to play a

development of robust decision

and collaborative research
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critical role in sustainable and smart plant
health management in the coming years.
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