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er (Ziziphus mauritiana) is an important arid fruit crop facing significant yield losses due
to insect pests such as fruit fly, stone weevil, and leaf miners. Conventional pest
management approaches are often reactive and chemical-intensive. Artificial Intelligence
(Al) offers a transformative approach through early detection, forecasting, and precision
interventions. This paper explores Al applications in ber pest management, highlights
benefits such as reduced pesticide use and improved decision-making, and discusses future
risks including data limitations, accessibility issues, and ecological concerns. Ber is widely
cultivated in arid and semi-arid regions of India, particularly Rajasthan, where pest incidence
significantly affects productivity and fruit quality. Major pests include:
e Fruit fly (Carpomyia vesuviana)
o Stone weevil (Aubeus himalayanus)
o Leaf miner (Stigmella ziziphi)
o Bark eating caterpillar (Indarbela quadrinotata)
Traditional pest control relies on calendar-based pesticide application, often leading to
resistance and environmental hazards. Al-based pest management integrates data analytics,
imaging, and predictive tools to improve efficiency and sustainability.

Study Area
Typical ber-growing regions such as Jobner, Bawal, and other AICRP-AZF centers.

Data Inputs for Al Models

« Historical pest incidence (your 10-year dataset)

e Weather parameters (temperature, humidity, rainfall)
« Crop phenology stages

e Remote sensing/drone imagery

Al Techniques Used

e Machine Learning (Random Forest, SVM)
o Deep Learning (CNN for pest detection)

e Time-series forecasting models

Applications of Al in Ber Pest Management

Automated Pest Detection

Al-enabled image recognition systems can detect fruit fly oviposition marks and leaf miner
damage using smartphone or drone images.
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Al PEST DETECTION WORKFLOW DIAGRAM

For Ber (Ziziphus mauritiana) Pest Management
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Sustainable Pest Management

Pest Forecasting Models

Al models predict pest outbreaks based on weather and crop stage, helping in timely
intervention.

Precision Spraying

Drone-based Al systems allow targeted pesticide application, reducing input cost and
environmental contamination.

DRONE-BASED SPRAYING IN BER ORCHARD

Precision Pest Management for Higher Productivity and Sustainability

KEY COMPONENTS

AGRICULTURAL DRONE
-?.oi High payload capacity,
GPS enabled, autonomous
flight

e AUTONOMOUS FLIGHT
7 Pre-programmed path
covers the entire orchard

FIELD SCAN & MAPPING

oS PRECISE SPRAYING
7t Targeted application

SPRAY TANK

10-20 L capacity for reduces pesticide use

pesticides/biopesticides ¥ - and drift
[ Drone/Remote sensing
e z
SPRAY NOZZLES e S et ¢ S ADJUSTABLE FLOW RATE

Uniform droplet size,
adjustable flow rate

Based on canopy density
and pest severity
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Altitude hold, obstacle . 5

avoidance, terrain sensing /. ‘. -
BENEFITS

GPS & FLIGHT CONTROLLER
Precise navigation,
auto path planning

Targeted application — controls pest
effectively

Reduces pesticide use by 20-40%

BATTERY
High capacity for longer
flight time

Saves time, labor and cost

@ (0 (- =

Variable rate application

based on pest intensity Environment friendly — less drift

and soil contamination

Improves yield and fruit quality

WORKFLOW
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Relative Humidity: 50-80%

1. SCOUTING & DATA 2. DATA ANALYSIS & 3. FLIGHT PLANNING 4. AUTONOMOUS 5. MONITORING & Wind Speed: < 10 km/h
COLLECTION PRESCRIPTION MAP & MISSION SETUP SPRAYING EVALUATION
Drone surveys the orchard Al/Software analyzes data Set flight path, altitude, Drone sprays only in Post-spray monitoring Best Time: Eﬁf ly morning
and detects pest hotspots and creates spray map speed and spray rate targeted zones and effectiveness check or late evening

Decision Support Systems (DSS)
Al tools provide real-time recommendations for Integrated Pest Management (IPM).
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Results and Discussion

Expected Outcomes (Based on Field Integration)
« Reduction in pesticide use by 20-40%

o Improved pest detection accuracy (>90%)

o Early warning of fruit fly outbreaks
Comparative Analysis

Pest detection Manual, delayed Real-time, automated
Pesticide use High Optimized
Cost efficiency Moderate High (long-term)
Environmental impact High Low

Benefits of Al in Ber Pest Management
Precision Agriculture: Site-specific pest control
Sustainability: Reduced chemical load

Early Warning: Prevents severe infestations
Data-driven Decisions: Improves IPM strategies

Future Risks and Challenges

Data Limitations

Al requires large datasets; variability in arid regions may affect model accuracy.
Accessibility Issues

Small farmers may not afford Al tools or lack technical skills.
Ecological Concerns

Over-optimization may ignore natural enemies and biodiversity.
Technological Dependence

Reduced reliance on indigenous knowledge systems.

Data Privacy

Farmer data ownership and misuse risks.

Future Research Directions

Development of region-specific Al models for Rajasthan
Integration with Integrated Pest Management

Use of loT-based smart traps for fruit fly monitoring

o Al-driven biological control strategies

Conclusion

Al has strong potential to revolutionize pest management in ber cultivation by improving
precision, reducing pesticide use, and enhancing sustainability. However, its adoption must
be balanced with ecological considerations, affordability, and farmer awareness. Integrating
Al with traditional IPM practices will ensure long-term resilience in arid fruit production
systems.
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