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plant may appear healthy to the human eye while a disease

is already began its journey within the crop. By the time the
first visible symptom appears, the pathogen may have silently
infected the crop. This scenario is changing by a new generation
technologies i.e., Drones monitor crop health across fields,
sensors continuously capture environmental signals, and artificial
intelligence interprets patterns that may escape human
observation. This emerging approach is redefining the way we
monitor, forecast and manage plant diseases.

What is Precision Plant Pathology?

Precision plant pathology is the application of advanced sensing, imaging, geospatial
technologies, data analytics and artificial intelligence to detect, monitor, predict and manage
plant diseases with high spatial and temporal precision. This approach integrates conventional
plant pathology with digital technologies.

It represents a shift from:

“See the disease — Spray the field” to “Sense — Detect — Diagnose — Predict —
Decide — Act — Monitor.”

Why Do We Need Precision Plant Pathology?

Conventional disease surveillance faces several challenges like

Large field areas are difficult to inspect manually.

Disease symptoms may be missed during early stages.

Disease distribution is often uneven within a field.

Regular and uniform monitoring for large field sizes is difficult.

Visual symptoms can sometimes be confused with nutrient deficiencies, abiotic stress or
insect injury.

High labour and time requirements for frequent field monitoring.

Weather dependent disease development makes timely prediction difficult.

Calendar based fungicide applications may result in unnecessary pesticide use.

9. Subjective assessment due to differences in observer experience and expertise.

10. Limited availability of real-time field data for timely decision-making.

To address these challenges, precision technologies can support field based expertise by
offering continuous and detailed spatial information on crop health.

agrownE

© N

How Drone Based Precision Plant Disease Detection Works?
e Step 1 — The drones fly over the crop and captures images of plants from different parts
of the field.
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e Step 2 — Special cameras/sensors mounted on the drone capture information that our eyes Q50

S ey
o)

cannot easily see. These may include RGB, multispectral and thermal sensors.

%

e Step 3 — Images reveal changes in plants . Healthy and diseased plants reflect light 950
differently. Sensors can therefore detect subtle changes in leaf colour, temperature and 20g”
plant growth before symptoms become clearly visible to the naked eye. Qe

el

e Step 4 — The collected images are transferred to a computer or software, where they are
processed and combined to create a detailed picture of crop health.

e Step 5 — Artificial intelligence and machine-learning algorithms examine thousands of 0?‘@
images and learn to distinguish healthy plants from stressed or diseased plants.

o il
e [25 gu

5ol

e Step 6 —The system can identify disease hotspots and indicate where disease is likely to %:50
be present in the field. @E
e Step 7 — The analysed information can be converted into a map showing areas with 22567
healthy, stressed and potentially diseased crops. "o
e Step 8 — Instead of waiting until disease symptoms become widespread, farmers can %ﬁ&%
receive information about possible problem areas at an earlier stage. e
e Step 9 — Farmers can inspect or treat the identified areas rather than applying the same i“afg
treatment uniformly across the entire field. s
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Role of Plant Pathologists in Precision Plant Pathology
1. Disease identification: Plant pathologists validate diseases detected through drone
images and Al systems.

O O3S

o oyt
°Be

2. Ground-truthing: They confirm field-level disease observations to improve the
reliability of remote-sensing data. &%
3. Symptom interpretation: They distinguish disease symptoms from nutrient deficiencies, &ggg_ﬁ
pest damage and environmental stress. &%

4. Image-data generation: They help develop reliable datasets containing images of N
healthy and diseased plants. @Qi

5. Al model development: Their expertise helps train and validate Al models for accurate 950
disease detection. aee”

6. Disease severity assessment: They establish suitable scales and standards for measuring 08
disease intensity. e .

7. Disease forecasting: They integrate pathogen biology, weather and crop information to %
improve disease prediction. (%;;O

8. Decision-making: They help convert drone and Al outputs into practical disease- -
management recommendations. @2;%9
.
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9. Precision management: They guide targeted application of fungicides, biocontrol agents
and other interventions.

10. Interdisciplinary collaboration: They work with agronomists, engineers, data scientists
and Al specialists to develop effective precision plant-health systems.

Challenges in Drone Based Disease Detection

High initial cost can limit the adoption of drone technology by small farmers.
Limited battery life can restrict the area covered during a single flight.

Weather conditions such as strong winds and rain can affect drone operations.
High quality sensors can increase the overall cost of data collection.

Large volumes of images require considerable storage and processing capacity.
Al accuracy depends heavily on the quality and diversity of training data.
Similar symptoms can make it difficult for Al to distinguish diseases from nutrient or
environmental stress.

8. Technical expertise is required to operate drones and interpret the collected data.
9. Data processing can require specialized software and computing resources.

10. Regulatory requirements may restrict drone operations in certain areas.

Noook~owhE

Future Prospects of This Technology

1. Development of ultra high resolution hyperspectral and multispectral sensors for
detecting diseases at the molecular or biochemical level before visible symptoms appear

2. Integration of real time Al models on drones and edge devices for instant disease
diagnosis in the field without internet dependency

3. Use of nanotechnology based biosensors for highly sensitive and rapid pathogen detection
in plants

4. Advancement in autonomous swarm drones for large scale, coordinated crop monitoring
and disease mapping

5. Creation of self-learning Al systems that continuously improve disease prediction
accuracy using global agricultural datasets

6. Development of digital twin models of crops to simulate disease spread and evaluate
control strategies in virtual environments

7. Integration of satellite, drone, and ground sensor data into unified global plant health
monitoring systems

8. Discovery of microbiome based predictive tools to assess plant health and disease
resistance potential

9. Use of quantum computing for complex disease modeling and faster analysis of large
agricultural datasets

10. Development of fully automated precision agriculture systems that combine diagnosis,
prediction, and targeted treatment in one platform.

Conclusion

Precision plant pathology represents a significant advancement in modern plant disease
management by combining the expertise of plant pathologists with drones, imaging sensors,
artificial intelligence and data-driven technologies. These tools can enable faster crop
monitoring, early identification of potential disease hotspots and more precise disease
management decisions. However, factors such as cost, weather conditions, sensor limitations,
data quality, Al accuracy and technical expertise must be addressed for wider adoption.
Importantly, precision technologies should complement rather than replace conventional
plant pathology and field-based diagnosis. With continued advances in sensing technologies,
Al, disease forecasting and digital agriculture, precision plant pathology has strong potential
to make plant disease management more early, accurate, targeted, economical and
sustainable, contributing to healthier crops and resilient agricultural production.
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