
SENSORS TECHNOLOGIES for AUTOMATED  
DETECTION and MONITORING of COTTON PESTS &

DISEASES: Indian Work

C.D. MAYEE

ICAC Researcher of the year-2025



Key points of discussion

• Indian cotton current situation
• Pest, disease problems: PBW havoc
• Current Management practices, Chemical, non-

chemical
• Traditional  detection, diagnosis and warning 

systems in India for P&D
• Sensor and AI-based  technologies application, 

Indian perspective, Automated Detection and 
Monitoring: New Research Programs

• Summarization



INDIAN COTTON

• Third largest crop in India grown on ~12.5 m ha by nearly 7 m farmers

• Small holder farmers(1-2 ha) contribute around 75% production, struggle every year 

with uncertainty in yield and income

• Cotton crop grown in three zones in India; North (March-October), Central (June to 

January) and South(October-March)

• North Zone cotton ~95 irrigated, Central ~80% rainfed and south ~ 50% rainfed , 

Overall, 65% cotton is rainfed

• One of the major reasons for annual loss of production and productivity is inability to 

manage the pests despite use of insect resistant  Bt cotton sown on 95% area and 

heavy use of pesticides. (SEE CURRENT DECELERATION-----)

Source: Analysed by South Asia Biotechnology Centre, 2025



Source: Cotton Advisory Board/Cotton Association of India /Committee on Cotton Production & Consumption( 1million=10lakh)



Source: Cotton Advisory Board/Cotton Association of India /Committee on Cotton Production & Consumption



•  Cotton harbors several pests - Early-stage 
attack of sucking pests, Middle stage attack 
of early shoot borer/ American bollworm & 
late-stage damage of pink bollworm

• Boll Rot, Grey Mildew, Leafspots &TSV
    are some imp. Diseases.
    Insect pest dominate protection scenario

•  Cotton farmers resort to continuous 
insecticidal sprays

The Pests and Diseases of Cotton 



PEST PROBLEMS IN COTTON ECOSYSTEM

⮚Pink bollworm  
✔ Development of resistance to Bt cotton 

✔ Yield losses: 1.2-1.3 million bales, 12 -13 million INR, annually

✔ Internal feeder: inaccessibility of insecticides, poor control (≥60%)

✔ Narrow window of opportunity for effective control  : ≤ 1 week

✔ Timings of sprays are critical

⮚Sucking pests
✔ Jassids, thrips, & whiteflies 

✔ Increasing damage in post Bt cotton phase

✔ Significant yield loss due to early season attack

⮚Consequences
✔ Increased pesticide use

✔ Pest resistance

✔ Environmental contamination

✔ Increased cost of crop protection



National & Local Media Attention



CURRENT MANAGEMENT PRACTICES FOR PBW

@ Clean cultivation, sanitation and destroying the bollworm affected residual plant parts

@ Follow crop rotation:  to break the pest life cycle  as PBW is essentially Oligophagous, 

restricted mainly to Malvaceous plants 

@ Monitoring the incidence through installing PBW-specific pheromone traps @ 5 per ha at 40 

DAS

@ Preventive spray at 50-60 DAS: Neem seed kernel extract (NSKE) 5% + Neem oil 5 ml

@ Between  60-and 120 DAS, biocontrol system also can be adopted. Release egg parasitoid, 

Trichogrammatoidea bactrae @ 60,000 parasitized Corcyra eggs per acre, thrice at 15 days 

interval

@  Adoption of mating disruption technologies like; PBKnot and Cremit

Source: Analysed by South Asia Biotechnology Centre, 2025

NON-CHEMICAL management tactics





Source: South Asia Biotechnology Centre, 2022



Participatory Technology Transfer of PBKNot Mating Disruption



CURRENT MANAGEMENT PRACTICES FOR PBW

Crop age 60-120 DAS 

➢ Profenphos 50%EC   @ 1500ml/ha (3 ml/litre of water) 

➢  Indoxacarb 14.4 SC   @ 500 ml per ha(1 ml per litre of water)

➢  Chlorpyriphos 20 EC  @ 1250 ml/ha( 2.5 ml/litre of water)

Crop age > 120 DAS   

➢ Cypermethrin 10EC  @ 500 ml/ha (1 ml/litre of water)    

➢ Lamda cyhalothrin 5EC @ 500 ml/ha (1 ml/litre of water) 

➢ Fenvelarate 10 EC  @ 500 ml/ha (1 ml/litre of water) 

Source: Analysed by South Asia Biotechnology Centre, 2025

CHEMICAL measures 



CURRENT DETECTION & MONITORING PRACTICES 

Source: Analysed by South Asia Biotechnology Centre, 2025



Install pheromone traps @ 5/ha for monitoring

✓At crop age of 40-45 DAS

✓Count the moths in traps at 

least once in a week, 
Physically

✓7-8 moths/ trap/ night: ETL 
for PBW

✓Change the lure as per 

specifications 0n the label



➢Weekly random 

inspection of 50 green 
bolls per ha

➢ ETL: >10% infestation

➢ Spray as per 

recommendations

Green boll infestation assessment



CHALLENGES IN CURRENT MONITORING

⮚Monitoring tool used for estimating pest density 
✔ Sticky traps (yellow and blue) for sucking pests 

✔ Sex pheromone traps for pink bollworm

⮚Manual counting process 
✔ Tedious/ laborious

✔ Time consuming 

✔ Inaccurate/ inconsistent

    in predicting pest dynamics enabling timely control

✔ Bottleneck: Area wide IPM

            No real-time information on critical timings of pest occurrence

⮚Hence :Lack of timely measures 



• Monitoring, early detection and 

timely intervention are the key 

elements in a pest management 

programme.

 

• Pest identification is done by 

trained crop protection personnel 

and experienced farmers. 

However, manual identification is 

subjective, inefficient, and 

delayed. 

• Advances in computer vision by 

deep learning have paved the way 

for AI-based pest and disease 

diagnosis.

Detection & Monitoring of Pests and Diseases :AI TECH



SOLUTIONS IN AI TECHNOLOGY

✔Cotton Ace App: Physical +Automatic, developed by  a private company, 
Wadhwani AI to help farmers to manage pests.

✓ Installs pheromone traps in field for PBW, upload photos to App, based on 
ETL generate coloured- coded alerts

✓ Solution offered to problem in AI technology: Developed a system of 
COTTON MICROCLIMATE AND INSECT MONITORING( C-MAIM) 



CottonACE



C-MIMS: Cotton Microclimate and Insect Monitoring System developed 

✔ Harnessing the potential of cutting-edge digital technology based IoT and AI tools

    Developed  a system
✔ Cotton Microclimate & Insect Monitoring System (C-MIMS) 

✔ 5G enabled AI powered wireless sensors, imaging & ML algorithms

⮚Continuous monitoring 
✔ Sucking pests detected on yellow sticky trap 

✔ Pink bollworm moths detected in a pheromone trap 

⮚Microclimate of cotton ecosystem
✔ Air temperature

✔ Relative Humidity

✔ Light intensity

✔ Wind velocity

✔ Soil moisture 

✔ Soil temperature

⮚Updates on early warning and pest management



Modified pheromone 
trap with camera fitted 
inside for imaging of 
pink bollworm

Yellow sticky  trap

High resolution camera 

for sucking pests

Light sensor

Solar panel

Temperature &

humidity sensor

Wind speed sensor

Microcontroller 

& 

Battery unit

Soil temperature 

& moisture sensor

➢ Weather sensor network 

✓ Microclimate recording

➢ Image acquisition system/ Pest detection

✓ 5G enabled AI powered night vision camera: 12.3 MP

✓ Sony IMX477R stacked, back-illuminated sensor

✓ Crystal clear images with fine details

✓ Wide field of view (FOV) of 130 degrees

✓ C-mount, CS-mount adaptable

✓ High-quality optical lens

• 16 mm Telephoto lens : for pink bollworm

• 64 MP Arducam  : for sucking insects

✓ Daily insect images & weather data sent to cloud 

server after every 10 min initially, now 1 hr.

✓ GPS module: tracking location of device

C-MIMS: Structure and mechanism



✔ Raspberry Pi 5  8GB Model: “Image processor”

✔ Computing capability: insect counting and classifying

✔ Adopt the Raspberry Pi CS mount HQ Camera 

✔ AI algorithm performs the processing of captured images using machine 

learning models trained on a vast image database

✔ Algorithm frames an object detection as a regression problem to spatially 

separated bounding boxes and associated class probabilities

✔ Super Vised Machine (SVM) learning method used for classification

✔ Solve the problem of small sample, high dimensionality, nonlinearity, etc

Algorithms employed for image processing, identification & counting of insects



⮚ Cloud server
Main hub for 

✔ Receiving the field data from sensor device

✔ Running predictive models 

✔ Data transfer to the users

✔ 24/7 high processing power 

Facilities for 

✔ Web hosting

✔ Data backup

✔ Data security 

✔ Firewall protection

Communication/data transfer

✔ Hypertext Transfer Protocol (HTTP) for 
intercommunication

✔ Simple Mail transfer Protocol (SMTP) for emailing 

✔ File Transfer Protocol (FTP) for file transfer and storage 

Applicability over a large area

Making area-wide pest predictions 

Mechanism used in data transfer, processing and communication



Image capture, processing & Counting

Accuracy of image processing algorithm: YOLO v12 
✓ Attention-centric architecture beyond traditional CNN-

based YOLO models 

✓ Capable of maintaining real-time inference speed

✓ Use of large image dataset trained at 

• Various light conditions

• Angle or position of exposure

Pink bollworm



Accuracy of C-MIMS

✓ Training of large image data set

✓ Improvement in accuracy of pest 
recognition and count algorithm

Training of image data set



Image capture, processing & Counting Sucking pests

SAHI: Slicing Aided 

Hyper Inference 

✓ YOLO compatible

✓ Small object detection

✓ Innovative library 

✓ Optimize object detection 

algorithms 

✓ Large-scale & high-

resolution imagery

✓ Partitioning images into 

manageable slices

✓ Running object detection 

on each slice

✓ Stitching the results back 

together



Training of image data set: Sucking pests

Number of images trained

PBW Jassids Whitefly Thrips Non-targets

7000 4000 2500 1200 450



➢ Applicability: Both

➢ Predicting favorable weather conditions for pest 
✓ Correlation between pest & weather data

✓ Pest dynamics in response to changes in microclimate

➢ Coupling of C-MIMS with phenology model
✓ Value added weather forecast 

✓ ARIMA: for predictive model run

Tensorflow 

✓ ML platform for model building algorithm (www.tensorflow.org)

Python 

✓ Scientific computations/ program writing 

✓ Efficient system integration 

✓ Internet protocols supported: FTTP, HTTP, HTML, XML, E-mails 
(www.python.org)

PHP: For Server Site Scripting

MYSQL: Database for data hosting on cloud server

Area wide IPM: Cloud server enables sending information over large area 

What is the applicability of C-MIMS: Pest Monitoring OR Prediction & forewarning?

http://www.tensorflow.org/
http://www.python.org/


How & what types of alerts & notifications C-MIMS will send to the end users? 

➢ Mobile based messaging or emails
✓ Upon pest detection & counting, system sends alerts to the 

registered users

✓ Information consists of both the type and the number of insects 
detected

➢ Criteria to undertake pest control measures 

Pest monitoring based alerts
✓ Based on action thresholds/ETLs that warrants control action

• 5-8 moths per trap per night for 3 consecutive nights

Pest prediction based alerts
✓ Coupled results of C-MIMS and DD-phenology model 

✓ Predicting critical life events
• Beginning & peaks of moth emergence 

• Dates of oviposition & egg hatch

✓ Tracking no. of generations within a season



Alerts & notifications C-MIMS are sent to the end users 
⮚ Mobile based messaging or emails

✔ Upon pest detection and counting, the system will send the alerts 
to the registered users

✔ Information will consist of both the type and the number of insects 
detected

⮚ Criteria to undertake necessary pest control measures 

Pest monitoring based alerts
✔ Based on action thresholds/ETLs that warrants control action

• 6 whiteflies per leaf

• 8 moths per trap per night for 3 consecutive nights

Pest prediction- based alerts
✔ Coupled results of C-MIMS and DD-phenology model 

✔ Predicting critical life events

• Beginning & peaks of moth emergence 

• Dates of oviposition & egg hatch

✔ Tracking no. of generations within a season



Web application

✔Image display

✔Predictive model output

✔Graphs

✔Pest alert/ Advisory



⮚ Predicting favorable weather conditions for pest 
✔ Correlation between pest & weather data

✔ Pest dynamics in response to changes in microclimate

⮚ Coupling of C-MIMS with phenology model
✔ Value added weather forecast 

✔ ARIMA: for predictive model run

Area wide IPM: Cloud server enables sending information over 

large area 

Applicability of C-MIMS: Pest Monitoring & Prediction



ICAR-CICR’s AI based smart Pheromone Trap*                          

for Real-time Monitoring of pink bollworm

(K Rameash, 2024), 

*Patent filed #  202421072205

• ICAR – CICR has developed an 

artificial intelligence (AI) based smart 

pheromone trap* for the real-time 

monitoring of pink bollworm in 

cotton with a detection accuracy of 

96.2%

• Deployed in pilot scale at major 

cotton growing districts of Punjab 

viz., Bathinda, Mansa and Muktsar in 

18 villages to monitor the PBW

• Pest alerts and pest management 

advisories are disseminated to 

cotton farmers through mass media, 

mobile voice messages and social 

media 



AI based smart Pheromone Trap for Real-time Monitoring of Cotton PBW in fields

• The pink bollworm problem in North Zone comprising of 

Punjab, Haryana, and Rajasthan has assumed  high 

incidence, cause yield losses to the tune of 35-60% in 

cotton.  The cryptic behavior and hidden infestation 

make the pest monitoring and management difficult. 

• Hence the AI-developed tool was deployed in several 

farmers field to test its validity

• Some farmers with the monitoring tool

       



• Trap catch data – in app

• > 90% accuracy in 

detection

• ETL based decisions



CICR -  Wireless smart trap for automated pest monitoring in cotton

• The smart trap provides a real time trap 

catch of cotton pests as images with 

corresponding weather data via an e-mail 

client and mobile application.

• It houses four individual pheromone 

septa in a modified delta trap system to 

monitor key pests of cotton viz, 

Pectinophora gossypiella, Spodoptera 

litura, Helicoverpa armigera and Earias 

vittella.

• The pest dynamics could be studied to 

establish a reliable pest forewarning 

system in cotton.

• Multi location trap data can be 

synchronized to assess the target pest 

population in a wider area. 

Delivery thro’ Mobile App

The DDG (CS) Dr T.R. Sharma, and the ADG (CC) 
Dr R. K. Singh observing the smart trap (Rameash et al., 2022)



Development of web-portal to access AI Trap data 

• A dedicated web portal https://cicr.indianmark.com/ is developed 

for the real-time information of  the  pink bollworm trap catch and 

corresponding weather data. 

• Log-in credentials for the web portal were circulated to all the 

stakeholders for the data access.

• The web portal can be used the access the live trap information 

with the image, count of insects and weather data. 

• Additional reports on the hourly trap catch, daily count report, ETL 

Report and Historical Report can be accessed. 

• The information can be viewed and downloaded as Excel file for 

the required period. 

• Provisions are given in the home page to show graphical 

representation of daily trap catch for all locations and weekly trap 

catch for individual locations, Weather data for all locations and 

ETL alert.



• The Al Trap farmers received timely ETL alerts and sprayed an average of 

6.2 insecticide sprays (2.8 for PBW + 3.4 for sucking pests) as compared 
to 10.1 sprays (4.9 for PBW + 5.2 for sucking pests) in non-ETL alert based 

conventional farmers.

• With the timely alerts the pink bollworm damage levels were kept below ETL 

even with a 38.61% reduction in pesticide usage in Al Trap fields 

compared to conventional farmers fields.

• The use of  loT tool (Al Smart Trap) for real-time pest monitoring combined 

with ICT tool (Voice messaging via GSM mobile service / social media) for 
instant pest alert is successfully demonstrated for the first time in the country

PBW Damage Al trap farmers Conventional Farmers

Flower Infestation 2.3-5.2% 2.1-7.9%

Green Boll Damage 3.9-6.1% 3.6-24.3%

Open Boll Damage 5.2-8.9% 8.6-34.2%

Timely PBW management 

maintains the infestation below 

ETL even with reduced pesticide 

application
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Flower Infestation Open Boll Damage PBW larva

District Village
ETL Alert 

Issued

Bathinda

Bandi 4

Gehri bhagi 5

Gurusar Shane wala 3

Jodhpur romana 4

Kuti Kishanpura 3

Mehta 4

Mansa

Bhalai ke 5

Burj bhalai ka 4

Jheriyan walian 3

Khiali chahila wali 3

Khuduwali 2

Tandian 4

Muktsar

Balamgarh 4

Bhagsar 3

Kothe Melak 3

Mour 5

Ramgarh Chungha 3

Udekaran 4



Repository of images for the identification of different diseases and image capturing 

based on disease grades in infected and healthy crop.



Activity: Image based identification of cotton diseases: Algorithms of image 
processing and identifying diseases during crop season



Activity: IoT & Wireless sensor network testing and applications to provide 
weather-based disease alerts.



OTHER APPLICATIONS OF AI TECHNOLOGY

✔Developed smart irrigation system using sensors

✔A micro (drip/ sprinkler) irrigation system with soil moisture, temperature, and 
pressure sensors with solenoid valves and wireless control switch forms a basic 
smart irrigation system. 

✔ Fertigation is the process of precise delivery of chemical fertiliser through the 
irrigation water. 

✔This initially tried in orange cultivation in Nagpur organges and now being 
extended to cotton



• AI systems require a great deal of data to train machines and to make precise 

predictions. 

• Requires a huge initial investment, skilled manpower, concentrated research and 

development plans and a considerable cost on operation and maintenance. 

• Concerns about data privacy and security, particularly regarding sensitive 

information about crop yield and growth

• Internet connectivity and bandwidth limitations in remote locations may restrain the 

adaptability of AI 

• Continuous education and training are required to help farmers implement AI 

software and hardware properly

Challenges in Implementing AI for Agriculture



• Tech Enabled Transformation: The Government of India envisions a tech-enabled transformation of agriculture, 

where Artificial Intelligence (AI) and digital platforms become the backbone of decision-making, productivity, and 

resilience.

• National Strategy on Artificial Intelligence (NITI Aayog): Identifies agriculture as a priority sector, emphasizing the 

deployment of AI-driven solutions across the entire agri-value chain—from predictive analytics and crop monitoring to 

pest surveillance and market forecasting.

• Strong Policy Push: Digital Agriculture Mission - In a landmark move, the Digital Agriculture Mission received an 

allocation of USD 55 million      (FY 2023–24), signalling a strong commitment to mainstream digital technologies in 

Indian farming.

• Technologies like  drones, smart sensors, mobile apps will help generate information for farmers in real time

Policy Paradigm Shift of GOI towards AI and Digital Farming System

Source: Analysed by South Asia Biotechnology Centre, 2025



1). Fragmented Land Holdings

 Challenge: Low productivity, inefficient mechanization, high input costs.

 Digital Solutions:

• Farmer Producer Organizations (FPOs) & Digital Cooperatives: Enable aggregation of land, produce, and inputs via digital 

platforms.

• Farm Management Software (FMS): Apps like KisanHub, AgNext, CropIn help track operations, inputs, and productivity even for 

small plots.

• Uber-style Equipment Sharing Apps: Platforms like Trringo, EM3 AgriServices allow farmers to rent machinery, reducing CAPEX 

burden.

2). Pest and Disease Outbreaks: Regional changes

 Challenge: Unpredictable infestations, lack of timely diagnosis, overuse of pesticides.

 Digital Solutions:

• AI-based Pest Forecasting Tools: Use satellite data + weather patterns + local inputs to issue real-time alerts (e.g., Plantix, 

AgroStar, Agronaut).

• Remote Sensing & Drones: Enable precision spraying, crop health imaging, and early pest detection.

• Decision Support Systems (DSS): Platforms like FASAL, Krishi Network, or e-SAP provide crop-specific pest management 

recommendations.

Digital Solutions : Key Challenges in Indian Cotton

Source: Analysed by South Asia Biotechnology Centre, 2025



3) Climate Change

 Challenge: Erratic rainfall, rising temperatures, declining soil health.

 Digital Solutions:

• Smart Weather Advisory Services: Hyperlocal weather updates via SMS or apps (e.g. Skymet, IMD, GramCover) 

enable climate-resilient decision-making.

• IoT Sensors & Soil Monitoring: Devices that track soil moisture, temperature, pH to optimize irrigation and fertilizer use.

• Digital Water Management: Tools like Sathguru Water Management Platforms guide micro-irrigation and fertigation 

schedules.

Digital solutions: Continued

Source: Analysed by South Asia Biotechnology Centre, 2025

4) Cross-Cutting Technologies for Resilience

Technology Role in Mitigating Challenges
 GIS & Remote Sensing Mapping crop stress, disease spread, climate risks

 Cloud Platforms Storing and analyzing large-scale farm data

 Mobile Apps Reaching millions of smallholders with timely advice

 AI & Big Data Predictive analytics for pest risk, yield, and weather

 Agri-Fintech Digital credit, insurance, and e-market access

 e-Marketplaces Platforms like eNAM, DeHaat, AgriBazaar boost reach



In the village, 40km off Nagpur, farmers irrigate cotton fields with an app. Here. AI-POWERED VILLAGE 

sensors advise' farmers on soil's water needs & drones detect crop diseases

When Satnavari Sleeps, 

Al Sensors Tick & Track

INDIA'S 1ST SMART, SATNAVARI



Thank you 
for your 
attention

49"Let’s make cotton the benchmark of sustainable prosperity."
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