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Cotton is a vital cash crop ofIndia with largest cultivation acreage globally. However, wide 
gaps in productivity persist due to various biotic and abiotic stresses, challenges that often 
become unmanageable due to delayed or incorrect diagnosis. In the post-  era, the Bt
widespread adoption of hybrids has shifted crop management practices towards more input-
intensive system. Further, genetic uniformity across vast areas has favoured built-up of pest 
population. Consequently, growers face unprecedented challenges as several historically 
minor insect pests, pathogens, and nematodes have now emerged as major threats to cotton 
cultivation. 

Among current biotic stresses, insect pests such as cotton whitefly, jassids, thrips, and pink 
bollworm pose significant threats across all the three cotton-growing zones of India, while 
the tea mosquito bug, mirids and stem weevils cause localized damage in South India. The 
dusky cotton bug is becoming a serious threat in North India. Among diseases, Cotton Leaf 
Curl Disease (CLCuD), grey mildew, bacterial blight, fungal and bacterial boll rots, leaf 
spots, root rot, and tobacco streak virus have become increasingly severe in recent years, 
heavily influenced by host genotypes and shifting climatic conditions. Additionally, 
plantparasitic nematodes inhabiting the cotton rhizosphere, particularly root-knot nematode 
and reniform nematode, have been documented as critical constraints to crop health. 

To address these challenges, this book provides a comprehensive guide for each major insect 
pest, disease, and nematode affecting cotton. It covers key aspects of national importance, 
including economic impact, nature of damage, seasonal incidence, Bt-resistance status, 
stage-wise identification characteristics, life cycles, surveillance protocols, and integrated 
management strategies. 

By offering a compact, yet exhaustive reference, this publication aims to help growers, 
scientists, students and extension workers to accurately diagnose biotic stresses directly in 
the field- a critical prerequisite for effective management. We trust this publication will serve 
as a valuable resource for all stakeholders in Indian cotton production.

Dr. V. N. Waghmare                                                                                                                                            
Director                                                                                                                  
ICAR-Central Institute for Cotton Research 
Nagpur (Maharashtra)

V.N. Waghmare
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INTRODUCTION 

Global cotton area, production and productivity: India's perspective

Cotton remains the leading natural fiber for global textile and garment production, cultivated 
across more than 70 countries. China, India, Brazil, the United States, and Pakistan lead 
global cotton production.  India holds the largest share of land, accounting for 11.36 million 
ha of the world's 29.84 million ha. Despite this vast acreage, India's productivity remains a 
challenge; at 448 kg of lint per ha, it trails significantly behind the global average of 834 lint 
kg per ha  (ICAC 2025). 

Cotton species grown in India

India is unique country that cultivate all four cultivated cotton species: upland cotton 
(  L.), Asian cotton /  cotton  (  L.), Levant cotton (Gossypium hirsutum Desi G. arboreum G. 
herbaceum G. barbadense G. hirsutum L.), and Sea Island cotton (  L.). While  dominates 
global fiber production at over 90%, followed by  (3�4%) and the remaining G. barbadense
two species (2% each). In the Indian context, , genetically modified Bt-cotton G. hirsutum
accounting for more than 95% of both the total cultivated area and overall production.

Cotton cultivation regions and sowing 

Cotton cultivation in India is spread across ten major states, grouped into three distinct 
zones: North (Punjab, Haryana, Rajasthan), Central (Maharashtra, Gujarat, Madhya 
Pradesh), and South (Andhra Pradesh, Telangana, Karnataka, Tamil Nadu). Each zone has 
unique climatic conditions and soil types, that influence cotton production. These regions 
vary greatly in their reliance on irrigation and their planting cycles. The details are as 
follows.

Zone Estimated 

area (Mha)

Irrigated area 

%

Irrigated 

/Rainfed

Planting 

Window

North ~1.5 >97% Irrigated April � May

Central 68.72 23% Rainfed June�July

South 29.93 40% Rainfed June� August

Bt cotton, current status

Endotoxin derived from soil bacterium genetically modified cotton Bacillus thuringiensis, 
referred as '  cotton' introduced in India, Bollgard (Cry1Ac) in 2002 and Bollgard II Bt
(Cry1Ac+Cry2Ab) in 2006. It revolutionized pest management covering over 95% of the 
country's cotton acreage. 
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ZONE WISE COTTON PRODUCTION LIMITING FACTORS  -

1.  North India (Punjab, Haryana, Rajasthan)

The North zone is characterized by canal-irrigated, intensive cultivation in alluvial soils. 

Biotic factors:

 Whitefly: A major sucking pest that acts as a vector for the Cotton Leaf Curl Virus 
(CLCuV), a devastating disease in this region. 

 Cotton jassid: A regular pest was seen in high numbers during 2023.

 Thrips: Thrips, primarily the species complex dominated by  and Thrips palmi Thrips 
tabaci have emerged as a significant threat to cotton productivity in recent years.

 Pink bollworm: Recent years have seen a resurgence and resistance to Bt toxins. 

 Dusky cotton bug: The pest has transitioned from a "late-season minor pest" to a 
significant concern, particularly due to changes in cropping patterns and the extended 
stay of cotton in the fields and godowns.

 Leaf spots: Corynespora cassicola has now emerged as major leaf spot disease in 
addition to  leaf spot,  leaf spot, as minor during early humid Alternaria Myrothecium
conditions. 

 Boll rot complex: Boll rot complex emerged as a new threat.

 Root rot: Primarily affects cotton in the alluvial soils of Punjab and Rajasthan.

 Fusarium wilt: Initially affecting  cotton, however, recent evidence shows that wilt Desi
emergingly affecting Upland cotton and its severity is increasing with and without 
nematode infestation 

 Root knot nematode: In the last one decade root knot nematode problem has been  
increasing in Upland cotton which is further enhancing the wilt problem especially in 
Haryana and Rajasthan 

Abiotic factors:

 Heat stress: Extremely high temperatures during the early growth and flowering stages 
can impair photosynthesis and boll retention.

 Salinity: High soil and groundwater salinity in parts of South Punjab and Rajasthan 
limits plant vigour.

 Late season rains: Can lead to boll rot and lower lint quality during the harvest period.

 Parawilt: Increasing in the area under high rice-wheat cropping systems and poor soil 
conditions

2. Central India (Maharashtra, Gujarat, Madhya Pradesh, Odisha)

This zone represents the largest cotton-growing area, predominantly rainfed and 
characterized by black (vertisol) soils.
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Biotic factors:

 Pink bollworm: This is the most critical biological threat, where the pest has developed 
severe resistance to Cry toxins.

 Sucking pest complex: Includes high infestations of Aphids, Jassids, and Thrips, 
especially during the vegetative stage.

 Bacterial blight and Grey mildew: These diseases thrive in the humid conditions 
following the monsoon.

 Boll rot complex: Boll rot complex emerged as a new threat. 

 Leaf spots: Corynespora has now emerged as a major leaf spot disease in addition to 
Alternaria Myrothecium Phomopsis leaf spot,  leaf spot,  leaf spot blight as minor during 
early humid conditions.

 Grey mildew: Earlior it us used to be the late season disease in  cotton is now Desi
emerging as mid and late season disease, causing severe defoliation both in Upland and 
Desi cotton

 Fusarium wilt: Initially affecting  cotton, however, recent evidence shows that wilt Desi
is affecting Upland cotton with and without nematode infestation. 

 Root knot nematode: In the last one decade root knot nematode problem has been 
increasing in Upland cotton, which is further enhancing the wilt problem in some light 
soil pockets of Gujarat and Maharashtra.

 Parawilt: Increasing in the area under high water logging and poor soil conditions.

Abiotic factors:

 Drought stress: Since much of the production is rainfed, erratic monsoons or "dry 
spells" during the flowering stage significantly lower yields.

 Waterlogging: Heavy clay soils are prone to poor drainage during excessive rainfall, 
causing physiological wilting.

 Soil nutrient depletion: Declining soil organic carbon due to continuous cropping is a 
growing concern. 

3.  South India (Telangana, Andhra Pradesh, Karnataka, Tamil Nadu)

The South zone features diverse soil types (red, black, and mixed) and varies between 
rainfed and irrigated conditions. 

Biotic factors:

 Sucking pests: Mirid bugs and Tea mosquito bugs are more prevalent.

 Stem weevil: A specific pest of concern in South India that damages the main stem of the 
plant. 

 Alternaria leaf spot: Caused by  and concurrently by Alternaria macrospora Alternaria 
alternata remains a major foliar fungal disease of economic significance.

 Leaf spots: Corynespora has now emerged as major leaf spot disease in addition to 
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Alternaria leaf spot. Common in the humid environments of Karnataka and Tamil Nadu.

 Grey mildew: Earlier it used to be the late season disease in  cotton is now emerging Desi
as mid and late season disease causing severe defoliation both in upland and  cotton.Desi

 Leaf rust: Rust is now emerging as a major disease, its incidence takes place during mid 
season compared to late season, especially in Andhra Pradesh.

 Root rot: Primarily affects cotton in Tamil Nadu.

 Tobacco streak virus: Tobacco Streak Virus (TSV), which causes Cotton Necrosis 
Disease, has emerged as a major biotic constraint. It is now considered a significant 
threat due to high incidence rates in popular Bt cotton hybrids and its unique 
transmission mechanism involving the weed Parthenium hysterophorus.

Abiotic factors:

1. High humidity: Encourages fungal pathogens and boll rot.

2. Moisture stress: Variability in the northeast and southwest monsoons causes periodic 
drought in the rainfed belts of Karnataka and Telangana.

3. Soil acidity: Found in certain red soil regions, which can limit the availability of 
essential nutrients like phosphorus.

ZONE- WISE PEST STATUS ON COTTON 

Ubiquitous threats: Pests like the pink bollworm, jassids, whiteflies, aphids, and thrips 
maintain major status across all three zones, requiring consistent monitoring and integrated 
management.

Regional specifics: The South zone faces unique challenges from the mirids, Tea Mosquito 
Bug and Stem weevil, which are largely absent or negligible in the North and Central zones.

Dusky cotton bug: While it is a minor concern in the Central and South zones, it remains a 
major pest in the North zone, particularly during boll opening stage.

Bollworm transition: Since the widespread adoption of Bt cotton, the Cotton bollworm and 
Spotted bollworm have generally been relegated to minor status, though the pink bollworm 
has successfully developed resistance and regained major status in all the three cotton zones 
of India (Table 1) 

Table 1. Zone -wise Pests of cotton and their status in cotton growing zones

S.No Name of pest Zone-wise pest status on 

cotton

North Central South

Bollworms

1. Pink bollworm, Pectinophora gossypiella (Saunders) Major Major Major

2. Cotton bollworm, Helicoverpa armigera (Hubner) Minor Minor Minor
3. Spotted bollworm, Earias insulana (Boisduvel) Minor Minor Minor

4. Spiny bollworm, (Fab.) Earias vittella Minor Minor Minor 

Sucking pests 

5. Cotton jassid, Amrasca biguttula biguttula (Ishida) Major Major Major
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1. Germination 
& Seedling
(1�20 Days)

Thrips Low Low number not much impact 

Aphid Low Low number not much impact

Cotton Jassid Low Low number not much impact
Whitefly Low Low number not much impact

2. Vegetative 
growth
(20�45 Days)

Cotton jassid High Marginal yellowing and downward curling 

Aphid Low Upward curling and sticky honeydew

Whitefly High Sticky leaf, virus transmission, leaf enation

Thrips Low Silvery patches on leaves, upward curling

Spotted bollworm Low Drying of terminal shoots in non-Bt

Cotton bollworm Low Damaged squares in non Bt

Pink bollworm Low Initiation of egg laying

Cotton mealybug Low Not much impact

Crop Stage Dominant Pests Risk 

Level

Primary impact

CROP-STAGE WISE OCCURRENCE OF COTTON PESTS 

The cotton crop is highly susceptible to various biotic stresses across all growth stages. Its 
pest complex transitions from sap-sucking insects during early vegetative phases to 
destructive bollworms during the reproductive and maturity phases. The tables below detail 
the chronological progression of these pests across three cotton growing zones of India 

(Tables 2 4).

Table 2: Crop stage-wise pest incidence and primary impact in North zone

S.No Name of pest Zone-wise pest status on 

cotton

North Central South

6. Whitefly, Bemisia tabaci (Gennadius) Major Major Major
7. Cotton aphid, Aphis gossypii Glover  Major Major Major

8. Thrips, Thrips Palmi , Thrips tabaciKarny Lind Major Major Major

9. Cotton mealybug, Phenacoccus solenopsis Tinsley Minor Minor Minor

10. Papaya mealybug, Paracoccus marginatus Williams 
and Granara de Willink 

Minor Minor Minor

11. Indian cotton mirid bug, Creontiades biseratense

(Distant)
Minor Minor Major

12. Green Mirid, ReuterCampylomma livida Minor Minor Minor

13. Mirid, Walker Hyalopeplus lineifer Minor Minor Minor

Other pests  

14. Tobacco caterpillar,  (Fabricius)Spodoptera litura Minor Minor Minor
15. Tea mosquito bug, Helopeltis theivora Waterhouse - - Major

16. Tea mosquito bug, Helopeltis bradyi Waterhouse - - Minor

17. Tea mosquito bug, Helopeltis antonii Sign. - - Minor

18. Stem weevil, (Faust)Pempherulus affinis - - Major

19. Red cotton bug, Dysdercus cingulatus Fab.  Minor Minor Minor
20. Dusky cotton bug, Oxycarenus hyalinipennis (Costa) Major Minor Minor

21. Cotton grey weevil, Myllocerus maculosus Desb. Minor Minor Minor

22. Chafer beetle, Oxycetonia versicolor (Fabricius) Minor Minor Minor
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Crop Stage Dominant Pests Risk 

Level

Primary impact

3. Squaring 
(Pre-
flowering)
(45�70 Days)

Pink bollworm Critical Rosette flower appearance
Cotton bollworm Less Flared and dropped squaresin non-Bt

Spotted bollworm Low Flared up squares

Cotton jassid High Marginal yellowing and downward curling 

Aphid High Upward curling and sticky honeydew

Whitefly High Sticky leaf, virus transmission, leaf enation
Thrips High Silvery patches on leaves, upward curling

Cotton mealybug Low Loss of vigour, photosynthesis affected, 
growth of sooty mold

4. Flowering 
& boll setting
(70�120 
Days)

Pink bollworm  Very 
high

Rosette flowers, sealed entry holes on green bolls, 
moth catches in pheromone traps, stained lint

Cotton bollworm Less Flared up squares, squares shedding, large 
circular holes with visible frass on non-Bt

Spotted bollworm Less Flared up squares, square shedding, large 
circular holes with visible frass on non Bt

Whitefly Sticky leaf, growth of black sooty mold, virus 
transmission, leaf enation, stunted growth

Cotton jassid High Marginal yellowing and downward curling, 
hopperburn, stunted growth, less fruiting

Aphid High Upward curling and sticky honeydew, growth of 
black sooty mold

Thrips High Silvery patches on leaves, upward curling, 
stunted growth, and fewer fruiting bodies

Dusky cotton Bug Very 
high

Nymphs and adults suck sap from the seed and 
reducing oil content and germination

Cotton mealybug Low Loss of vigour, photosynthesis affected,
growth of sooty mold

5. Boll 
development/ 
Maturity
(120�150 
Days)

Pink bollworm Very 
high 

Round exit holes on carpel walls; premature or 
partial boll opening; lint quality degradation, 
less seed, oil content lower down

Cotton bollworm Less Large circular holes with visible frass on non-Bt

Spotted bollworm Less Large circular holes with visible frass on non-Bt
Cotton jassid High Marginal yellowing and downward curling, 

hopperburn, stunted growth, less fruiting

Aphid High Upward curling, sticky honeydew, growth of 
black sooty mold

Whitefly High Sticky leaf, growth of black sooty mold, virus 
transmission, leaf enation, stunted growth, less 
bolls

Thrips High Upward curling, stunted growth, fewer 
fruiting bodies

Dusky cotton bug Very 
high

Nymphs and adults suck sap from the seed and 
lower oil content and germination

Cotton mealybug Low Loss of vigour, photosynthesis affected, growth 
of sooty mold, and reduced yield
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Crop Stage Dominant Pests Risk 

Level

Primary impact

Table 3: Crop stage-wise pest incidence and primary impact in Central zone

Crop stage Dominant 
pests

Risk 
level

Primary impact

1. Germination 
& Seedling
(1-20 Days)

Thrips Low Low number not much impact 

Aphid Low Low number not much impact

Cotton Jassid Low Low number not much impact

Whitefly Low Low number not much impact
2. Vegetative 
growth 
(20�45 Days)

Cotton jassid Low Marginal yellowing and downward curling 

Aphid Low Upward curling and sticky honeydew

Whitefly Low Loss of vigour

Thrips Low Silvery patches on leaves
Spotted 
bollworm

Low Drying of terminal shoots in non-Bt

Cotton 
bollworm

Low Flared up squares in non-Bt

Pink 
bollworm

Low Initiation of egg laying

Cotton 
mealybug

Low Loss of vigour

3. Squaring 
(Pre-
flowering)
(45�70 Days)

Pink 
bollworm

Critical 'Rosette flower' appearance

Cotton 
bollworm

Low Flared up and dropped squares in non-Bt

Spotted 
bollworm

Low Flared up squares

Cotton jassid High Marginal yellowing and downward curling 

Harvesting 
(150�180 
Days)

Pink bollworm Very 
high 

Round exit holes on carpel walls; premature or 
partial boll opening; lint quality degradation, 
less seed, oil content lower down

Cotton bollworm Less Large circular holes with visible frass on non-Bt

Spotted bollworm Less Large circular holes with visible frass on non-Bt

Cotton jassid Less Hopperburn, stunted growth, less fruiting

Aphid High Sticky honeydew, growth of black sooty mold

Whitefly High Sticky leaf, growth of black sooty mold, virus 
transmission, leaf enation, stunted growth, 
fewer bolls

Thrips Less Stunted growth, fewer bolls
Dusky cotton bug Very 

high
Nymphs and adults suck sap from seed and 
lower down the oil content and germination, 
causing obnoxious odour, and discomfort to 
labour

Cotton mealybug Low Loss of vigour, photosynthesis affected, growth 
of sooty mold, reduced yield
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Crop stage Dominant 

pests

Risk 

level

Primary impact

Aphid High  Upward curling, sticky honeydew

Whitefly Low Loss of vigour

Thrips High Silvery patches on leaves, upward curling

Cotton 
mealybug

Low Loss of vigour

4. Flowering 
& Boll Setting
(70�120 Days)

Pink 
bollworm  

Very 
High

Rosette flowers, sealed entry holes on green bolls, 
moth catches in pheromone traps, stained lint

Cotton 
bollworm

Low Flared up squares, square shedding, large circular 
holes with visible frass on non-Bt

Spotted 
bollworm

Low Flared up squares, square shedding, large circular 
holes with visible frass on non-Bt

Whitefly Low Loss of vigour, sticky leaf

Cotton jassid High Marginal yellowing and downward curling, 
hopperburn, stunted growth, and less fruiting

Aphid Low  Sticky honeydew, growth of black sooty mould

Thrips High Silvery patches on leaves, upward curling, stunted 
growth, and fewer fruiting bodies

Dusky cotton 
bug

Low Nymphs and adults suck sap from the seed, 
lowering the oil content and germination.

Cotton 
mealybug

Low Loss of vigour, photosynthesis affected, sooty 
mold growth and reduced yield.

5. Boll 
development/ 
Maturity
(120�150 
Days)

Pink 
bollworm 

Very 
high 

Round exit holes on carpel walls, premature or 
partial boll opening, lint quality degradation, less 
seed, oil content lower down

Cotton 
bollworm

Low Large circular holes with visible frass on non-Bt

Spotted 
bollworm

Low Large circular holes with visible frass on non-Bt

Whitefly Low Stunted growth 

Cotton jassid Less hopperburn, stunted growth, fewer bolls

Aphid High Upward curling and sticky honeydew, growth of 
black sooty mold

Thrips low Stunted growth, less fruiting bodies

Dusky cotton 
bug

Less Nymphs and adults suck sap from seed and lower 
down oil content and germination

Cotton 
mealybug

Low Loss of vigour and photosynthesis affected due to  
growth of sooty mold, reduced yield

Harvesting 
(150�180 
Days)

Pink 
bollworm 

Very 
high 

Round exit holes on carpel walls; premature or 
partial boll opening; lint quality degradation, less 
seed, low oil content 

Cotton 
bollworm

Low Large circular holes with visible frass on non-Bt

Spotted 
bollworm

Low Large circular holes with visible frass on non-Bt

Cotton jassid Low Hopperburn, stunted growth, fewer bolls
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Table 4 : Crop stage-wise pest incidence and primary impact in South zone

Crop stage Dominant 

pests

Risk 

level

Primary impact

Crop Stage Dominant Pests Risk 

Level

Primary impact

1. Germination
& seedling

(1 � 20 Days)

Thrips Low Low number not much impact 
Aphid Low Low number not much impact

Cotton jassid Low Low number not much impact

Whitefly Low Low number not much impact

2. Vegetative 
growth 
(20 � 45 Days)

Cotton jassid Low Marginal yellowing and downward curling 

Aphid Low Upward curling and sticky honeydew

Whitefly Low Loss of vigour
Thrips Low Silvery patches on leaves

Spotted bollworm Low Drying of terminal shoots in non-Bt

Cotton bollworm Low Flared up squares in non-Bt

Pink bollworm Low Initiation of egg laying

Stem weevil High The plant collapses due to stem cutting

Cotton mealybug Low Loss of vigour
Papaya mealybug Low Loss of vigour

3. Squaring 
(Pre-
flowering)
(45�70 Days)

Pink bollworm Critical 'Rosette flower' appearance

Cotton bollworm Low Flared up and dropped squares in non-Bt

Spotted bollworm Low Flared up squares in non-Bt

Cotton jassid High Marginal yellowing and downward curling 
Aphid High Upward curling, sticky honeydew

Whitefly Low Loss of vigour

Thrips High Silvery patches on leaves, upward curling

Stem weevil High The plant collapses due to stem cutting

Mirids Low Both nymphs and adults suck sap from 
developing squares, turning them yellow or 
brown and eventually causing them to dropoff. 

Tea mosquito bug High Necrotic patches on leaves and stems. 

Cotton mealybug Low Loss of vigour

Papaya mealybug Low Loss of vigour
4. Flowering 
& boll setting
(70�120 
Days)

Pink Bollworm  Very 
high

Rosette flowers, sealed entry holes on green 
bolls, moth catches in pheromone traps, stained 
lint

Cotton bollworm Low Flared up squares, square shedding, large 

Aphid High Sticky honeydew, growth of black sooty mold

Whitefly Less Stunted growth, fewer bolls
Thrips Low Stunted growth, fewer bolls

Dusky cotton 
bug

Low Nymphs and adults suck sap from the seed and 
lower the oil content and germination, causing 
obnoxious odour and discomfort to labour

Cotton 
mealybug

Low Loss of vigour and photosynthesis affected due to
growth of sooty mold, reduction in yield.
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Crop Stage Dominant Pests Risk 

Level

Primary impact

circular holes with visible frass on non-Bt

Spotted bollworm Low Flared up squares, square shedding, large 
circular holes with visible frass on non-Bt

Whitefly Low Loss of vigour, sticky leaf

Cotton jassid High Marginal yellowing and downward curling, 
hopper burn, stunted growth, fewer fruiting 
bodies

Aphid Low  Sticky honeydew, growth of black sooty mold

Thrips High Silvery patches on leaves, upward curling, 
stunted growth, fewer fruiting bodies

Dusky cotton bug Low Nymphs and adults suck sap from the seed, 
lowering the oil content and germination

Stem weevil High The plant collapses due to stem cutting

Mirids High Both nymphs and adults suck sap from 
developing squares, turning them yellow or 
brown and eventually causing them to dropoff. 
Feeding on bolls results in Necrotic Lesions
and stained lint. 

Tea mosquito bug High Necrotic patches on leaves, stems and bolls,
shrivelling squares and tender bolls

Cotton mealybug Low Loss of vigour, photosynthesis affected due to
growth of sooty mould, reduction in yield

Papaya mealybug Low Loss of vigour, photosynthesis affected due to
growth of sooty mold, reduction in yield

5. Boll 
Development/ 
Maturity
(120�150 
Days)

Pink bollworm Very 
High 

Round exit holes on carpel walls, premature or 
partial boll opening, lint quality degradation, 
less seed, low oil content 

Cotton bollworm Low Large circular holes with visible frass on non-Bt

Spotted bollworm Low Large circular holes with visible frass on non-Bt

Whitefly Low Stunted growth 

Cotton jassid Less Hopperburn, stunted growth, fewer fruiting 
bodies

Aphid High Upward curling and sticky honeydew, growth 
of black sooty mold

Thrips low Stunted growth, less fruiting bodies

Dusky cotton bug Less Nymphs and adults suck sap from seed and 
lower the oil content and germination

Stem weevil Low The plant collapses due to stem cutting

Mirids High Both nymphs and adults suck sap from 
developing squares, turning them yellow or 
brown and eventually causing them to dropoff,
feeding on bolls results in Necrotic Lesions
and stained lint

Tea mosquito bug High Necrotic patches on leaves, stems and bolls
shrivelling squares, and tender bolls
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Crop Stage Dominant Pests Risk 

Level

Primary impact

INSECT PESTS AND MANAGEMENT STRATEGY

I. Bollworms

1. PINK BOLLWORM 

National importance: Pink bollworm (PBW),  (Saunders) Pectinophora gossypiella

(Lepidoptera: Gelechidae), widespread infestation was observed in Gujarat, Maharashtra, 

Andhra Pradesh, Telangana, Karnataka and Madhya Pradesh states starting from 2015. 

Outbreak of pink bollworm was observed in the 2017�2018 season in Central and South 

India while during 2023 24 in North India. Now the pest is causing significant damage to 
cotton production in all the three cotton zones of India. 

Economic impact: The quality of lint deteriorated due to the presence of larvae and pest 

induced staining. Pink bollworm causing alarming yield losses of 20�30%.

Nature of damage: The "Rosette flower" is the typical symptom of PBW infestation during 

the early reproductive phase of cotton growth. The larva enters the developing boll through 

Cotton mealybug Low Loss of vigour, photosynthesis affected due to 
growth of sooty mold, reduction in yield

Papaya mealybug Low Loss of vigour, photosynthesis affected, sooty 
mold growth, reduced yield

Harvesting 
(150�180+
Days) 

Pink bollworm Very 
High 

Round exit holes on carpel walls; premature or 
partial boll opening; lint quality degradation, 
less seed, oil content lower down

Cotton bollworm Low Large circular holes with visible frass on non-Bt

Spotted bollworm Low Large circular holes with visible frass on non-Bt

Cotton jassid Low Hopperburn, stunted growth, fewer fruiting

Aphid High Sticky honeydew, growth of black sooty mould

Whitefly Less Stunted growth, fewer bolls

Thrips Low Stunted growth, fewer bolls
Dusky cotton bug Low Nymphs and adults suck sap from the seed and 

lower the oil content and germination, 
obnoxious odour and discomfort to labour

Stem weevil Low The plant collapses due to stem cutting

Mirids Low Feeding on bolls results in necrotic lesions
and stained lint

Tea mosquito bug Low Necrotic patches on bolls, poor opening of bolls, 
secondary infection of pathogens loss of yield 

Cotton mealybug Low Loss of vigour, photosynthesis affected due to
growth of sooty mold, resulting in a reduction 
in yield

.

Papaya mealybug Low Loss of vigour and photosynthesis affected 
due to sooty mold growth, reduced yield
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the rind and feeds primarily on the seeds. In younger bolls, the entire contents can be 

destroyed; however, in older bolls, larvae typically consume multiple developing seeds. As 

the larvae feed, they cut and stain the lint, resulting in severe loss of quality. Furthermore, 

infested bolls may open prematurely, leaving them vulnerable to fungal infections. If 

infested seeds are used for sowing, germination is significantly reduced. Ultimately, 

decreasing overall weight, vitality, and oil content in seed cotton.

Rosette flower  Exit hole

Infested green boll  Deformed open boll

Period of occurrence: Infestation begins during the squaring-to-flowering stages, with 

intensity increasing as the season progresses. Generally, peak infestation of the pink 
bollworm occurs between September to October in North India, and between October and 

December in Central and South India.

Bt resistance: The transgenic cotton producing cry insecticidal proteins from a soil 
bacterium ( ) have been deployed in India with single gene Cry 1Ac Bacillus thuringiensis Bt
in 2002 followed by dual gene construct (Cry 1Ac + Cry 2Ab) Bollgard II in 2006. One of the 

most significant worries associated with the use of -toxin-based pest management Bt
technologies is the risk of insects evolving resistance to Cry toxins as the laboratory selection 

experiments have shown a great potential for resistance development in many insects (Ferre 
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and Rie, 2002). In India, survival of PBW population on single-gene Bt cotton was noticed in 

Gujarat during 2008 to Cry1Ac (Dhurua and Gujar, 2011; Fabrick ., 2014). et al
Subsequently, field evolved resistance against both genes, Cry1Ac and Cry2Ab was 

reported from India which reports a dramatic increase in resistance ratios (RR) in Central and 

South Indian field populations of pink bollworm from mean RR of 47.12 (Range 18 121) in 
2013 to mean RR of 1387 (Range 704 2060) in 2017 for Cry 1Ac and mean RR of 5.40 
(Range 1 31) in 2013 to mean RR of 4196 (Range 1306 9366) in 2017 for Cry 2Ab (Naik et  
al., 2018). Laboratory selection of field-resistant strain reported reduced susceptibility to 
Cry1Ac by >2000-fold (Mohan et al., 2016). Recent studies by Jambagi et al. (2023) 
confirmed continued resistance development across South Indian cotton-growing regions as 

well. Agrawal et al  (2020) identified 1,741 differentially expressed genes between .,
susceptible and resistant strains, with down-regulation of known receptor genes (APN, Bt 

ABCA, cadherin) and up-regulation of detoxification enzymes (cytochrome P450, GST, 
carboxylesterase). Subsequently, PBW infestations were observed in North India starting in 
2018. This resurgence indicates the development of significant resistance to Cry toxins, 

signalling a potential failure of current technology. Over the last decade, the widespread 
infestation of PBW on Bt cotton has become a major concern for cotton growers across all 

three zones of India (Fand et al., 2019; 2025; Kumar et al., 2020; 2025; Nagrare et al., 2025).

Mark of identification: 

 Eggs : The eggs are very small, pearly shaped, microscopic and yellow in color 
measuring approximately 0.42±0.02 mm in length and 0.19±0.01 mm in width. The 

shell is finely sculptured with distinct longitudinal lines. Eggs are laid either singly or in 

small clusters embedded inside the brackets of squares and under the calyx of small 
bolls. 

 Larva : First two instars are creamy-white, while from third instar pink colour develops. 

Full grown larvae measured about 10.20±0.66 mm in length, possess a dark brown to 

black head. 

 Pupa : A pupa measures approximately 7.32±0.31 mm in length. Pupation occurs within 
a thin, silken cocoon located in the lint, the soil, or the  (seed cotton). The pupae are kapas

initially light brown but gradually transition to a dark brown hue as development 

proceeds.

 Adult : Male adult moths measure 6.75±0.22 mm in length, female moth measure 
7.21±0.21 in length and both are greyish-brown with distinct blackish bands on the 

forewings; the hind wings are a contrasting silvery grey. While moths emerge from their 

pupae during the morning or evening, they are primarily nocturnal, remaining hidden 
among soil debris or within ground cracks during the day.

Life cycle: A single adult female lays about 203.73±38.83 eggs in a life time. Egg incubation 

period 05.33±0.21days, larval period 21.50±1.04days, pupal period 07.60±0.57 days, adult 

female longevity 15.74±1.63 days, adult male longevity 11.12±1.18 days, life cycle egg to 
adult 34.43±0.61 days however, varies depending on prevailing temperature and humidity 

(Fand et al., 2020; 2021; Peddu et al., 2020; Rakhesh et al., 2026) (Fig 1).
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Fig 1.  Life cycle of pink bollworm

Pest surveillance:

i) Pheromone trap-based monitoring: This is the most common method for tracking 
adult moth activity. It uses a synthetic sex pheromone (Gossyplure) to attract male 

moths. Funnel traps or Sleeve traps are generally preferred. Traps should be installed at 

the onset of the squaring stage (approximately 40 45 days after sowing of crop). Two 
traps per acre, positioned at least 15�30 cm above the crop canopy are recommended. As 

the cotton grows, the height of the trap must be adjusted. Initiate monitoring at 45 days 
after sowing. Insecticidal sprays should be initiated when pheromone trap catches 

exceed five per trap per night for three consecutive nights (Fand et al., 2026). 

ii) Field scouting: Since eggs are microscopic, they are not easily visible and young larvae 

are hidden inside the green bolls, farmers must perform "destructive sampling" to assess 
the actual damage within the bolls. Randomly select 20 green bolls per acre 

(approximately 15�20 days old). Look for "Rosette flowers�. 

Economic threshold: 5�10% rosette flowers in the early reproductive phase, trap catches 

5�8 moths per night for three consecutive nights, 5�10% infestation (e.g., 1�2 out of 20 
green bolls containing live larvae or showing internal damage).

Pupa

3-6 days
2-3 days

3-6 days

4-6 days

6-9 days

6-9 days

7-10 days

Egg
1 instar larvae

st 

2  instar larvae
nd

3  instar larvae
rd

4 instar larvae
th 

Adult

150-250 eggs per female

Life Cycle 31 70 days
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Management strategy:

I.  Pre-sowing and planting phase

 Crop rotation: Practice regular crop rotation to break the PBW life cycle.

 Seed procurement: Purchase authentic Bt-cotton hybrids or varieties from authorized 
dealers.

 Variety selection: Opt for short-to-medium duration Bt-cotton hybrids or varieties 
recommended for the region.

 Sowing window: Ensure timely sowing and strictly avoid pre-season sowing, as early 
crops are highly susceptible to PBW.

 Optimal spacing: Adhere to the recommended zonal spacing to maintain the ideal plant 
population.

II.  Nutrient and field management

 Judicious fertilization: Avoid excessive doses of nitrogenous fertilizers (e.g., urea) as 
basal or top dressing to prevent succulent overgrowth, which attracts pests.

 Historical monitoring: Fields that suffered heavy PBW damage in the previous season 
should be monitored with increased vigilance.

III. Monitoring and economic threshold

 Pheromone traps: Install pheromone traps at a density of 2 per acre. Place additional 
traps near ginneries and stacked cotton stalks to capture suicidal emergence.

 Field scouting: Inspect flowers for larvae. Physically remove and destroy rosette 
flowers immediately. Randomly pluck and dissect 20 green bolls per acre from different 
plants to check for internal damage or larvae.

IV. Chemical control and safety

 Insecticide selection: Use only label-claim insecticides. Never use tank mixtures of 
different agrochemicals or unapproved insecticide blends.

 Pyrethroid restrictions: Strictly avoid spraying synthetic pyrethroids before 120 days 
to prevent secondary outbreaks of whiteflies and aphids.

 Safety protocols: Always wear protective aids (gloves, masks, etc.) when handling and 
applying chemical pesticides.

V. Harvest and post-harvest sanitation

 Separate picking: Harvest clean cotton and infested cotton separately. Market the clean 
cotton and avoid storing stained or infested seed cotton in godowns.

 Crop duration: Terminate the crop as early as economically feasible. Do not extend the 
cotton crop beyond 180 days to prevent late-season pest buildup. For this purpose, give 
last irrigation by end of September in case of North zone. It would reduce bollworms 
damage and their carryover to the next cropping season.

 Animal grazing: Allow animals to graze in the field after picking to reduce the 
carryover of  bollworms. 

 Stalk management: Stack cotton stalks away from the field vertically. Do not stack 
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stalks in the field. If possible, shredding of cotton stalks in soil is advisable. Clean the 
field of residual stalks and partially opened bolls immediately after harvest.  Stacks 
should be kept away from cultivation areas and consumed (as fuel or otherwise) before 
March. In the North zone, stalks retained after March 30  must be beaten to dislodge 

th

unopened bolls and covered securely with mosquito nets or plastic sheets to prevent 
moth escape. Destroy all remaining trash and residues.

Crop growth stage: 0 60 DAS
 At 45 DAS, install pheromone traps @ 5 per ha.

 Install AI smart pheromone trap @ 1 per village on community basis. 

 Spray NSKE 5% + Azadirachtin 0.15 EC @ 5 mL /L or NSKE/neem oil-based 

formulation 5 mL /L (300 or 1500 ppm) + 1.0 mL surfactant (Initial 1 2 sprays). (NSKE 
25L + Azadirachtin 0.15 EC @ 2.5 L + 0.5 L surfactant per ha). Use 150 200 L of water 
/acre or 375 500 L/ ha for dilution of the insecticides.

Crop growth stage: 61 90 DAS
 Observe for rosette flowers, pluck and destroy them.

 At boll formation stage, farmers are advised to inspect the presence and damage of pink 
bollworm by plucking and dissecting 20 green bolls from different plants randomly (one 

boll per plant). If ETL crossed i.e. >10% damaged flowers (Rosette flowers) or 5 10% 
damaged green bolls (at least 1 2 out of 20 bolls having white or pink larvae or exit 
holes) and or 5 8 moths catch per pheromone trap/AI-smart pheromone trap for 
consecutive 3 days, spray Profenofos 50% EC @ 30 mL/10L (1500 mL/ha) or 
Emamectin benzoate 5% SG @ 5 g/10L (250 g/ha) or Spinetoram 11.70 SC @ 9 mL/10L 
(450 mL/ha) or Indoxacarb 14.5% SC @ 10mL/10L  (500mL/ha) or Chlorpyrifos 20 % 
EC @ 25mL/10L  (1250 mL/ha).  (10L= Ten liter of water)

Crop growth stage: 91 120 DAS

 If ET crossed, 5 10% damaged green bolls and / or 5 8 moths catch per pheromone 
trap/AI-smart pheromone trap for consecutive 3 days, release parasitoid 
Trichogrammatoidea bactrae @ 60000 per acre.

 Or spray cotton crop with Profenofos 50%EC @ 30 mL/10L (1500 mL/ha) or 
Emamectin benzoate 5 SG @ 5 g/10L (250 g/ha) or Spinetoram 11.70 SC @ 9 mL/10L 
(450 mL/ha) or Indoxacarb 14.5% SC @ 10 mL/10L (500mL/ha) or   Chlorpyrifos 20 % 
EC @ 25 mL/10L (1250 mL/ha). 

 In addition to above, Fipronil 5% EC @ 40 mL/10L (2000 mL/ha) is suggested for 
Central and South India.

Crop growth stage: >120 DAS

  If ET crossed, 5 10% damaged green bolls and or 5 8 moths catch per pheromone 
trap/AI-smart pheromone trap for consecutive 3 days, spray Cypermethrin 10% EC @ 

10 15 mL/10L (550 760 mL/ha) or Cypermethrin 25% EC @ 4 6 mL (160 280    
mL/ha) or Lambda cyhalothrin 5% EC @ 10 mL/10L (500 mL/ha) or Deltamethrin 2.8 
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EC @ 10 mL/10L (500 mL/ha) or Fenpropathrin 10% EC @ 15 20 mL/10L (750-1000 
mL/ha) or Fenvalerate 20% EC @ 10 mL/10L (500 mL/ha) or Alphacypermethrin 10% 
SC @ 6mL/10L (250-300 mL/ha).

Functioning of AI Smart Pheromone Trap and mobile based applications developed by 

the ICAR-CICR 

Digital technologies are transforming cotton pest management from reactive pesticide-
based approaches to proactive intelligence-based integrated pest management systems. 
Adoption of digital tools in cotton ecosystems can substantially improve pest forecasting, 
reduce unnecessary pesticide applications, support sustainable agriculture and strengthen 
climate-resilient crop protection strategies. 

Artificial Intelligence (AI) smart pheromone trap and mobile based applications developed 
by the ICAR-CICR have emerged as a promising tool for real-time surveillance of major 
cotton pests, particularly pink bollworm. By enabling automated pest detection, rapid data 
transmission and timely advisories, these systems enhance the efficiency, accuracy, and 
scalability of pest monitoring programmes.

The AI Smart pheromone trap has been deployed for the 
real-time monitoring of PBW in Punjab state during the 

crop season 2024 2025. Using automated real-time data, 
daily alerts and weekly advisories on PBW damage and 
management strategies were issued to stakeholders. Over 
4 lakh voice messages in Punjabi were sent via GSM 
network to 28,190 cotton growers, with district-specific 
alerts when trap catches exceeded the economic 
threshold. PBW control measures were also 
disseminated through mass media and social media 
channels for broader farmer outreach.

The implementation of AI driven pest monitoring has 
significantly improved pest detection, management 
efficiency, and cost-effectiveness compared to 
traditional methods. The pilot scale deployment of AI 
smart traps in the Punjab yielded encouraging results on 
reduced crop damage due to timely pest alerts and 
prompt control measures, 38.6% reduction in pesticide 
use while keeping PBW damage under control and 
18.54% increase in yield over conventional methods, 
highlighting the potential of AI traps to enhance cotton 
productivity while reducing chemical dependency. 

Encouraged by the positive outcomes of the pilot scale deployment of AI enabled pheromone 
traps at Punjab, the technology was scaled up during the 2025�2026 season to strengthen 
digital pest surveillance across the North zone. The expanded deployment covered 40 
villages distributed across eight major cotton-growing districts in three key cotton-
producing states Haryana, Punjab, and Rajasthan. The objective of the scale-up was to 

AI Smart Pheromone Trap
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establish a wider network of AI Smart Pheromone Traps capable of providing continuous, 
real-time monitoring of pink bollworm population dynamics and enabling timely pest 
management advisories to the cotton growers in the entire North zone of cotton cultivation. 

The project combines advanced AI driven pest monitoring, environmental sustainability, 
and economic benefits, making it a holistic solution for PBW management in cotton farming. 

By offering a data driven forewarning system, reducing chemical pesticide reliance, and 
cutting down cultivation costs, it ensures long-term agricultural sustainability, improved 
farmer livelihood, and environmental conservation.

2. COTTON BOLLWORM 

National importance : Cotton bollworm,  (Hubner) (Lepidoptera: Helicoverpa armigera
Noctuidae), is a highly polyphagous and migratory insect pest recognized as a pest of 
national importance in India. Its wide host range enables continuous survival and 
multiplication across diverse cropping systems and agro-climatic regions, ranging from 

irrigated and rainfed plains to high-altitude Himalayan ecosystems. Adult moths are strong 
nocturnal fliers capable of long-distance migration extending several hundred kilometers, 
facilitating its rapid dispersal and reinfestation over wide geographical areas. High fecundity 
of female moths further contributes to severe pest outbreaks. The extensive and 
indiscriminate use of synthetic insecticides for bollworm management has resulted in the 
development of resistance to major insecticide groups, including carbamates, cyclodienes, 
organophosphates, and pyrethroids, thereby increasing management costs and 

environmental concerns in agricultural ecosystems. Since the introduction of  Cotton, the Bt
pest is under control however, in non  cotton crop it causes substantial damage. Bt

Economic impact: The larvae primarily damage the reproductive structures of plants, 
including squares, flowers, and bolls. In cotton, extensive larval feeding on developing bolls 
reduces both yield and fibre quality, while feeding injuries facilitate the entry of boll rot 
pathogens, resulting in rotting of damaged bolls and additional crop loss. The pest has 
become a major bollworm species in almost all cotton-growing regions because of the 
increasing severity and frequency of infestations. In India,  is responsible for H. armigera

yield losses ranging from 15�50%, with losses reaching up to 40% in non-  cotton. Bt

Nature of damage: The larvae predominantly damage the reproductive structures of cotton 
and are considered highly destructive during the flowering and boll formation stages. 
Initially, young larvae feed on tender leaves and small squares, while later instars bore into 
squares, flowers and bolls. The larvae typically insert their head and thoracic region into the 
boll, leaving the posterior body portion outside. Feeding sites are characterized by large 
circular entry holes surrounded by frass and excreta. Early instar feeding on small squares 
produces delicate webbing, whereas larger larvae completely consume the internal contents 

of bolls. Damaged squares exhibit flaring of bracts, and premature shedding. Excessive 
shedding of buds, squares, and immature bolls is common under severe infestation. A single 
larva is capable of damaging nearly 30�40 fruiting bodies during its developmental period. 
Feeding injury also facilitates the entry of boll rot pathogens and secondary microorganisms, 
resulting in rotting of damaged bolls, deterioration in fibre quality, and substantial yield loss.
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Period of occurrence: The incidence of varies seasonally, with damage H. armigera 
extending up to November�December. Peak infestation generally coincides with the third 
and fourth generations during peak squaring. Maximum occurrence is observed from 
August�October in Northern and Central India and from November�December in Southern 
regions, particularly under active monsoon conditions.

Resistance to  and insecticides Bt

a) Insecticide resistance: H. armigera has a documented history of developing resistance to 
major insecticide groups including organophosphates, carbamates, cyclodienes, and 
pyrethroids across key agricultural nations like India, China, Pakistan, and Australia. During 
the pre-  cotton era of the 1980s and 1990s, widespread resistance to pyrethroids Bt
(particularly cypermethrin) escalated dramatically, with resistance levels up to 8,022-fold. 
Severe pyrethroid resistance was first documented in Andhra Pradesh, India, in 1987. 
Because the pest easily survived repeated chemical applications, farmers escalated their 
inputs sometimes exceeding 20 sprays per season. This unsustainable cycle triggered 
catastrophic crop failures, spiralling production costs, environmental degradation, and the 
systematic elimination of natural enemies. In response to this crisis, global cotton-growing 
regions shifted toward robust IPM frameworks. These programs harmonized cultural 
practices, pheromone monitoring, biopesticides, and conservation of biological control 

Flower bud Square

Flower Boll
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agents with strict, need-based synthetic insecticide applications. Following these 
interventions and the subsequent adoption of Bt cotton since 2000,  infestations H. armigera
in cotton ecosystems have declined substantially across India, with populations now rarely 
breaching economic thresholds.

b) Bt resistance: Bt Transgenic  cotton introduced in India in 2002 significantly increased 

cotton productivity and reduced pesticide consumption by nearly 50�60%. However, 
subsequent studies revealed variable expression of Cry toxins in different plant parts, 

allowing survival and feeding of  on  cotton under certain conditions. H. armigera Bt

Evidence of successful survival and reproduction of the pest on  cotton has also been Bt

reported from India. Similar observations were made in the United States, where 

Helicoverpa zea, a closely related species, caused significant boll damage on Bollgard 

cotton. These findings highlight the need for continuous monitoring and IPM strategy to 

prevent future pest outbreaks and resistance development.  populations H. armigera

recorded Cry1Ac susceptibility from 0.01 to 0.67 µg/ml, indicating a 67-fold variation 

during the baseline susceptibility studies (Kranthi et al. 2001). There was an increasing trend 

in Cry1Ac tolerance 18 119 folds after the introduction of  cotton in 2002 (Kalia et al.,  Bt

2006). An unusual field survival and reproduction, following completion of life cycle on 

BGII cotton was reported from Raichur, India (Ranjith et al., 2010) with consequent studies 

confirming an increase in the frequency of resistant alleles (Kukanur et al., 2018; Singh & 

Kukanur, 2021). Studies conducted at ICAR-CICR in 2024 25 clearly show an increasing 
value of Cry1Ac resistance (Ranging from 0.90 2.90 ppm) with corresponding resistance 
ratios of 90 290 folds along with mutations in ABCC2 gene in selected populations 
(Rangaraju et al., 2025).

Mark of identification: 

 Eggs: Eggs are spherical with a flattened base and possess longitudinal ribs on the 

chorion, measures approximately 0.42�0.60 mm in length. Freshly laid eggs are creamy 

white, gradually turning brown before hatching due to embryonic development. Eggs 

are laid singly on tender leaves, stems, and reproductive structures of cotton plants. 

 Larva: Newly hatched larvae are translucent yellowish-white with dark brown to black 

head capsules and prominent thoracic and anal shields. Larval colouration varies from 

green to fawn yellow or brown depending on age and host diet. Larvae passes through 

six larval instars, with later instars becoming darker and more prominently patterned. 

The larvae typically grow to a length of 30 35 mm in their final instar.
 Pupa : Pupation occurs in the soil at a depth of 2.5�12.5 cm. Pupae are smooth, brown, 

and rounded at both ends, with two tapering spines at the posterior end. The larvae 

typically grow to a length of 30 40 mm in their final instar. The pupa measures 
approximately 17 21 mm in length.

 Adult : Adult moths are stout-bodied and vary in colour from greenish yellow to buff 

brown with darker brown or blackish markings on the wings. Males are generally lighter 

brown with a greenish hue, whereas females are comparatively darker. Adult body 
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length ranges from 17�20 mm with a wing span of approximately 35�41 mm. The moths 

exhibit nocturnal activity, with peak flight occurring from dusk to midnight, and are 

capable of long distance dispersal in search of suitable host crops.

Life cycle: H. armigera completes its life cycle ranging from 31�49 days depending on 

environmental conditions. A single female lays an average of 557�739 eggs during her life 

span of 8�12 days. The egg period lasts for 2�5 days, while the larval period 14�25 days.  
The larval stage generally consists of six instars, with individual instars lasting about 3�5 

days each, followed by a short pre-pupal phase of 2 3 days. Pupal period lasts for 10�16 days 
(Ali et al., 2009, Gusain et al., 2023) (Fig 2).

Eggs

Larval stage

Prepupal stage

Pupa

Adult

Duration : 3-5 days

Duration : 3-5 days
each instar
(6 instars)

Duration : 1-2 days

Duration : 10-20 days

Duration : 8-12 days

Female Male

Life Cycle
(25-60 days)

Fig 2. Life cycle of H. armigera

Pest surveillance: 

i) Pheromone trap monitoring: Install pheromone traps @ 5 traps per ha, spaced 

approximately 50 m apart. Lure should be replaced as per validity. Trapped moths 

should be removed daily.

ii) Field scouting: Monitoring of  should be carried out through regular field H.armigera

scouting. Field observations at 3�5 days intervals are recommended to assess egg and 

larval populations on terminal leaves, fruiting bodies, and shed plant material for 
estimating economic threshold. 

Economic threshold: 4�5 moths per trap per day or 20% plants with flared squares or one 

larva per plant or 5�10% damaged fruiting structures.
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Management strategy:

Crop growth stage: 0 60 DAS 

 Crop rotation: Crop rotation should be followed with non-host to break the life cycle.

 Intercropping: Intercropping is one of the important components of IPM in sustainable 
cotton farming. Mixing cotton with crops like pigeon pea, soybean, cowpea, castor, 
ambadi, and jowar naturally reduces pest incidence by providing vital habitat, food, and 
shelter for beneficial natural enemies (such as parasitoids, coccinellid beetles, 
lacewings, and predatory wasps). In Central and South India, recommended 
intercropping are Cotton + Pigeon Pea: 6:1 or 6:2 row ratio or Cotton + Soybean: 2:4 row 
ratio. Intercropping is not recommended in North India. 

 Installing pheromone traps: Pheromone traps should be installed @ 5 traps per ha at 45 
DAS.

 Biological control: Randomly interplanting trap crops within cotton rows strengthens 
natural pest management and provides live perches to attract insect eating birds.

Crop growth stage: 61 90 DAS 
 Terminal clipping: De-topping or clipping terminal shoots, performed 80�120 days 

after sowing or when plants reach a height of 100�120 cm, offers significant agronomic 
and pest management benefits such as lowers oviposition (egg-laying) by , H. armigera
enhances canopy aeration and sunlight penetration, promotes lateral sympodial 
branching, boosts overall boll development and final crop yield.

 Mechanical suppression: Regularly collecting and destroying damaged floral bodies 
and mature larvae directly interrupts pest life cycles and reduces field populations.

 Botanical pesticides: Botanical pesticides, particularly neem-based formulations, are 
highly effective, eco-friendly options for managing  and other cotton pests. H. armigera
These botanicals naturally reduce infestation levels by acting as antifeedants, repellents, 
oviposition deterrents, and insect growth regulators. Azadirachtin of 0.15%, 0.3% 
(3,000 ppm), 0.03% neem oil-based products, and 5% neem extract concentrate can be 
applied at dose 5.0 L/ha, depending on pest pressure and product potency. Neem Seed 
Kernel Extract (NSKE) can be applied as a protective spray at 5% concentration. Spray 
formulated Neem Oil @ 5 mL/L of water. Dashparni extract can be applied as a 
protective spray at 10% concentration. Karanj oil formulations at 1% concentration are 
also effective.

 Bird predation : Installing 8�10 T-shaped bird perches per ha approximately 90 days 
after sowing encourages insectivorous birds to settle in the field. These natural predators 
actively suppress caterpillar populations, providing a cost effective, eco-friendly pest 
management solution.

 Biological control: Augmentative releases of  eggs or larvae @ 10,000/ha Chrysoperla
and parasitoids @ 1,50,000/ha/week or 60,000 parasitized eggs per acre Trichogramma 
at weekly intervals during 45�100 DAS.  HaNPV is highly effective against early instar 
larvae. Apply 250 larval equivalents (LE)/ha or 2,700 mL/ha. Bacillus thuringiensis 
formulations of  var.  are suggested. Depending on formulation and potency, Bt kurstaki
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apply at 0.5�2.5 kg/ha or 750�1,000 mL/ha. Entomopathogenic fungi species such as 
Beauveria bassiana Metarhizium anisopliae Nomuraea rileyi, , and  offer effective 

control. Apply at 5 g/L of water, or 2 kg/ha diluted in 400 500 liters of water. Insecticide 
applications should be avoided for at least one week before and after release of 
biocontrol agents to ensure their effectiveness.

 Chemical spray for non- :Bt  Spray Spinosad 45% SC @ 4 mL/10L (200mL/ha) or 
Chlorantraniliprole 18.5% SC @ 3mL/10L (150mL/ha) or Flubendiamide 39.35% SC 
@ 2.5 mL/10L (125 mL/ha) or Indoxacarb 14.5% SC @ 10 mL/10L (500 mL/ha). 

Crop growth stage: 91 120 DAS 

 Chemical spray for non- :Bt  Spray Flubendiamide 39.35 SC @ 3mL/10L (150mL/ha) 
or Indoxacarb 14.5% SC @ 10 mL/10L (500 mL/ha) or Spinosad 45% SC @ 4 mL/10L  

(200mL/ha)

3.  SPOTTED BOLLWORM

National importance: Spotted bollworm, was initially dominant on  cotton (Desi Gossypium 
arboreum Bt), but later it also adapted to upland cotton. Before the introduction of  cotton, 

spotted bollworm was considered a major pest during 1971�2005 and caused severe 
economic losses in cotton-growing regions. However, after  cotton adoption, its status Bt

declined to a minor pest in most cotton growing regions of the country.

Species diversity: The spotted bollworm complex in cotton mainly comprises two closely 
related species, Spotted bollworm ( ) and the spiny bollworm (Earias vittella Earias 
insulana E. vittella) (Lepidoptera : Noctuidae). In India,  predominates mainly in South and 

Central India, while  is the dominant species in North Indian cotton ecosystems. E. insulana

Economic impact: Before  cotton cultivation, bollworm infestations including spotted Bt
bollworm caused yield losses up to 40�50% due to destruction of fruiting bodies and 

deterioration in fibre quality. Damage results in boll shedding, incomplete fibre 
development and contamination with larval frass. After adoption of  cotton, population Bt
levels largely remained below economic threshold in most cotton-growing regions of India. 

However, occasional appearance has been associated with ecological shifts and altered pest-
predator dynamics. Reduced efficacy of insecticides has also been observed in some G. 

arboreum cotton-growing regions due to continuous exposure to different chemical groups. 
The coexistence of both species in major cotton-growing belts of India contributes 
significantly to their economic importance in cotton production systems.

Nature of damage: Young larvae initially bore into terminal shoots of pre-squaring plants, 

causing drying and withering of shoots. If the growing point is damaged, the main stem may 
collapse. Later, larvae attack squares, flowers and bolls by boring internally. Feeding holes 

are observed on squares and bolls, often accompanied by larval excreta. Flared squares, 
shedding of squares, premature dropping and improper opening of bolls are characteristic 
symptoms. Larvae do not remain confined to a single boll and may move from one fruiting 

body to another, resulting in disproportionate damage. Damaged bolls are also prone to 
secondary bacterial and fungal infections.
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Seasonal pest incidence: Incidence begins as early as three weeks after crop emergence. 

Initial infestation occurs on terminal shoots during the vegetative stage, where larvae bore 

into tender shoots causing drying and withering of growing points. As the crop advances 
towards reproductive stages, larvae shift to squares, flowers and developing bolls. Beyond 

20 weeks after crop emergence, infestation by  species continues on floral parts and Earias

bolls, often resulting in flared squares, premature boll dropping and poor boll opening. Warm 
and humid weather conditions favour rapid multiplication of the pest, with temperatures 

between 25°C and 34°C being highly congenial for population build-up and outbreak 

development. After  cotton adoption, the pest largely remained below economic Bt
thresholds. In recent years, sporadic resurgence has occasionally been observed in G. 

arboreum cotton in North India due to ecological shifts and altered pest-predator dynamics 

associated with reduced use of broad-spectrum insecticides. 

Mark of identification: 

Eggs: Eggs are measure about 0.54 0.78 in length, deposited singly on the softest, 
haired parts of the cotton plant, preferentially on young terminal squares, flower bracts, 

tender leaf veins, and newly formed green bolls. They are spherical, sculptured, and 
prominently crown-shaped with distinct vertical ridges radiating from the top. When 

Bud damage Shoot damage

Younger green boll damage  Mature green boll damage



25
Integrated Management of Cotton Pests, Diseases and Nematodes ICAR-Central Institute for Cotton  Research 

freshly laid, they are a light sky-blue or greenish-blue hue, making them blend in with 

host tissue. They darken slightly to a purplish or brownish shade just before hatching.

Larva: Larval body is mottled with a striking patchwork of creamy-white, dark brown, 
and orange spots/tubercles running down its dorsum. The full grown larva measures 
roughly 15 to 18 mm in length. It possesses a stouter, more spindle-shaped body 
compared to other bollworms, lacks the prominent microspines found on Earias 
insulana, and features a characteristic longitudinal greenish-grey or brownish body 
segment background.

Pupa : Earias vittella pupa measure about 8 9 mm in length, pupation takes place 
primarily on the plant itself or among fallen plant debris on the soil surface. The pupa is 
enclosed in a tough, closely woven silken cocoon that mimics an inverted boat shape or a 
wedge. The internal pupa is obtect, initially a light brown that darkens to a rich chocolate 
or reddish-brown hue over time.

Adult : The adult moth is relatively small about 9 10 mm, with a wingspan measuring 
about 20 to 25 mm. The forewings provide an absolute species-specific identification 
marker. They are pale creamy-white to buff-yellow, marked by a distinct, prominent 
longitudinal green band or wedge running straight through the center from the base to 
the outer margin. The hindwings are uniformly semi-transparent, silvery-white with 
faintly darkened, smoky margins. Adult moths are nocturnal. 

Life cycle : Within 2 3 days of mating, the female moth begins oviposition. The female 
selects tender, hairy, macro-rich zones of the cotton plant predominantly young terminal 

Fig 3. Life cycle of E. vittela

Larva

PupaEgg

Adult
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Larva

PupaEgg

Adult

shoots, leaf veins, petioles, flower bracts, and the rind of young green bolls. Eggs are laid 

singly during the night, a single female moth can deposit 158 191 eggs. After 3 5 days of  
incubation, the larvae hatch out, passes through 5 distinct instars, spanning a total of 11 16 
days. Once the larva completes its 5 instar and measures roughly 15�18 mm, it ceases 

th 

feeding and prepares for pupation. The pupal transformation takes 6 8 days before the adult 
emerges. The adult moth emerges from the pupa, usually during the early hours of the night. 

Adult males live for about 4 9 days, while females live longer, between 8 and 12 days. Under 
optimal tropical agro-climatic conditions, the entire life cycle is completed in 27 43 days. 
The pest completes multiple overlapping generations within a single cotton season (Rajveer 
et al., 2016) (Fig 3 & 4).

Fig 4. Life cycle of E. insulana

Pest surveillance: 

i) Pheromone trap monitoring: Install pheromone traps @ 5 traps per ha, spaced 

approximately 50 m apart. Lure should be replaced as per validity. Trapped moths 
should be removed daily.

ii) Field scouting: Monitoring of  spp. should be carried out through regular field Earias

scouting. Field observations at 3�5 days intervals are recommended to assess egg and 
larval populations on terminal leaves, fruiting bodies, and shed plant material for 

estimating economic threshold. 

Economic threshold: The ET for  spp. is 20% plants with flared squares or one larva Earias
per plant, or 5�10% damaged fruiting bodies.
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Management strategy:

Crop growth stage: 0 60 DAS

 Pruning damaged shoots: Regularly scout fields for drooping or withered terminal 
shoots. Clip these damaged shoots slightly below the larval entry hole and destroy them 
to kill the hidden larvae before they mature.

 Pheromone traps: Install species-specific pheromone traps for  and Earias vittella
Earias insulana 30 days after sowing. Maintain a density of 2 traps per acre to track the 
initial influx of adult moths.

Crop growth stage: 61 90 DAS
 Mechanical control: Manually collect fallen squares, buds, and aborted reproductive 

structures from the ground and destroy them to disrupt the pupation cycle in the soil.

 Biological control: Begin field releases of the egg parasitoid  @ Trichogramma chilonis
60,000 /acre at weekly intervals.

 Chemical control: For non- /  ( ) cotton, on crossing ET, spray Bt Desi G. arboreum
Spinosad 45%SC @ 4 mL/10L (200 mL/ha) or Chlorantraniliprole 18.5%SC @ 
3mL/10L (150 mL/ha) or Flubendiamide 39.35% SC @ 2.5 mL/10L (125 mL/ha) or 
Indoxacarb 14.5%SC @ 10 mL/10L (500mL/ha).

 Crop growth stage: 91 120 DAS
 Chemical control: For non- /  ( ) cotton, on crossing ET, spray Bt Desi G. arboreum

Flubendiamide 39.35 SC @ 3mL/10L (150 mL/ha) or Indoxacarb 14.5%SC @ 10 
mL/10L (500 mL/ha) or Spinosad 45% SC @ 4 mL/10L (200 mL/ha)

II. Sucking pests 

1. COTTON JASSID / LEAFHOPPER 

National importance: The Cotton jassid / Leafhopper,  Amrasca biguttula biguttula
(Ishida), (Hemiptera : Cicadellidae), is widely recognized as one of the most economically 
devastating sucking pests of cotton in India. While the historic introduction of  cotton Bt
successfully suppressed lepidopteran bollworms initially, it catalyzed a massive ecological 
shift in Indian agroecosystems. Free from competition and unaffected by  proteins, Bt
sucking pests, spearheaded by the cotton jassid have ascended to the status of primary, yield-
limiting biotic stressors across all three major cotton-growing zones of India.

Economic impact: The pest occurs in all the three cotton growing zones of India reducing 
cotton yield up to 30%.

Nature of damage: Both nymphs and adults typically found nestled between the veins of the 
leaves on the ventral surface. They suck the cell sap primarily from the underside of leaves, 
feeding results in distinct downward leaf curling of the leaf margins, yellowing at the edges 
of the leaves (Nagrare et al., 2025). The symptoms vary depending on the intensity of 
infestation. The insect also injects toxin into the leaf, resulting in 'hopperburn' symptoms. In 
advanced stages, the margins may turn brick red or brown. 
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Period of occurrence: Cotton jassid populations persist throughout the cropping season, 

their transition to economic pest status exhibits distinct regional variations across India's 

cotton-growing zones. In the North zone, populations peak and attain pest status early, 
typically during June�July, driven by early-season sowing. Conversely, in the Central and 

South zones, peak infestations shift to July�August, aligning with the vegetative and early 

reproductive phases of the crop. The population buildup of this pest is highly sensitive to 
macro-climatic factors. Extended periods of hot and humid weather, characterized by 

intermittent rainfall (>80% relative humidity) and low ambient sunlight (cloudy conditions), 

create an ideal microclimate within the crop canopy. These specific agro-ecological 
conditions significantly accelerate nymphal survival, shorten generation time, and trigger 

rapid population explosions.

Mark of identification: 

Eggs : Egg measure 0.7�1.0 mm long, creamy white, elongate and inserted within leaf 
tissues; incubation period 4�11 days.

Nymph : Wingless, pale green to yellowish-green, passing through five instars and 

increasing from approximately 0.7 mm in the first instar to about 2.3 mm in the fifth 
instar. 

Yellowing of leaf edges Downward curling of infested leaves

Leaf bronzing Cotton jassid affected field
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Life Cycle of 
Cotton Jassid

Pest surveillance: 

i) Yellow sticky trap-based monitoring: Cotton jassid is attracted to yellow colour, it is 

advised to install yellow sticky traps @ 8 per acre and replace it after a week time. 

ii) Field scouting: It is necessary to conduct field surveys every 3�5 days to determine 
whether the ET has been crossed. For cotton jassid, the ET assessment can be done based 

on the infestation grade or the actual number of insects. The insect count should be taken 
randomly from 20 plants per acre, checking 3 leaves per plant (one each from the top, 

middle, and bottom).

Similarly visual observation can be recorded based on grades given in management section.

Economic threshold: Average 2 nymphs per leaf and or 5 plants out of 20 randomly 

observed plants (25% plants infested) showing damage grade II/ III/ IV.

Adult : Slender, wedge-shaped, green insect measuring about 2.1�2.7 mm in length, 

with a pair of black spots on the head and near the tip of the forewings. 

Life cycle:.The life cycle of jassid, consists of egg, four nymphal instars and adult stages. 
The duration of first, second, third and fourth instars are 2.58 ± 0.57, 2.14 ± 0.81, 2.03 ± 0.63 

and 1.84 ± 0.80 days, respectively. The total nymphal period ranged from 5�16 days with an 

average duration of 8.59 days. Adult longevity varied from 4�25 days with a mean of 13.37 ± 
5.17 days. The total life cycle is 15�34 days in males (mean 21.38 ± 5.39 days) and 17�37 

days in females (mean 23.19 ± 4.86 days) (Nagrare et al., 2012). (Fig 5)

Fig 5. Life cycle of Cotton Jassid
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Management strategy:

Crop growth stage: 0 60 DAS
 Select resistant varieties: Select resistant varieties / hybrids recommended for the zone

 Seed treatment: To protect seedlings for the first 45 days without early foliar spraying, 
seed treatment is advocated. Commercial seeds are coated with systemics insecticides 
like Imidacloprid 70 WS or Thiamethoxam 30 FS.

 Optimize nitrogen application: Avoid excessive applications of nitrogenous 
fertilizers. High nitrogen creates succulent, lush foliage that drastically increases 
nymphal survival and accelerates population build-up. Balance nutrition by applying 
nitrogen in recommended splits.

 Field sanitation: Keep fields and margins free of key alternative weed hosts (e.g., 
Abutilon indicum Solanum,  spp.) that serve as pest reservoirs during season and the off-
season.

 Yellow sticky traps: Install yellow sticky traps at a density of 8 traps per acre. Position 
the traps 30 cm above the crop canopy level to monitor first arrivals and mass-trap adult 
cotton jassid.

 Conserve natural enemies: Avoid early-season broad-spectrum sprays to preserve 
native populations of green lacewings ( ), ladybird beetles (Coccinellids), Chrysoperla
and predatory spiders, which actively consume jassid nymphs.

 Botanical sprays: Between 50-60 DAS, spray NSKE 5% + Azadirachtin 0.15 EC @ 5 
mL /L or NSKE/neem oil-based formulation 5 mL /L (300 or 1500 ppm) + 1.0 mL 

surfactant) (Initial 1 2 sprays). (NSKE 25L + Azadirachtin 0.15 EC 2.5L +0.5 L 
surfactant per ha). Use 150 200 L of water / acre or 375 500 L/ ha for dilution of the  
insecticides. Repeat the spray after 10 15 days.

Crop growth stage: 61 90 DAS
 Chemical sprays : On crossing ET, spray Flonicamid 50%WG @ 4 g/10L (200 g/ha) or 

Dinotefuran 20% SG @ 3 g/10L (150 g/ha) or Imidacloprid 17.8% SL @ 3 mL/10L (150 
mL/ha) or Tolfenpyrad 15%EC @ 20 mL/10L (1000 mL/ha) or Fenpyroximate 5% EC 
@ 15 mL/10L (750 mL/ha).

Crop growth stage: 91 120 DAS
 Chemical sprays: On crossing ET, spray Thiamethoxam 25%WG @ 2 g/10L (100g/ha) 

or Tolfenpyrad 15%EC @ 20 mL/10L (1000 mL/ha)

2. WHITEFLY

National importance: The whitefly,  (Gennadius) (Hemiptera: Bemisia tabaci

Aleyrodidae), is a highly polyphagous sucking pest, globally known to infect 900 host 
plants including several economically important crops. It is one of the most destructive 
sucking pests of cotton worldwide and is widely distributed in tropical and subtropical 
regions. In India, although whitefly occurs in all cotton-growing zones, it is particularly 
important in the North Indian states of Punjab, Haryana, and Rajasthan because of its ability 
to transmit Cotton Leaf  Curl Disease (CLCuD), especially in  cotton.G. hirsutum
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Species diversity : Bemisia tabaci is the only whitefly species infesting cotton in India and is 

recognized as a species complex comprising at least 46 genetic groups or cryptic species and 
so far, 13 groups has been recorded from India. These groups differ in fecundity, host range, 
insecticide resistance, virus-vectoring ability, and symbiotic bacterial composition. The pest 
possesses high reproductive potential, rapid dispersal ability, extreme polyphagy, and 
remarkable capacity to develop insecticide resistance. Globally,  transmits more B. tabaci
than 400 phytopathogenic viruses belonging to genera such as Begomovirus, Crinivirus, 
Ipomovirus, Carlavirus, Torradovirus, Polerovirus, Cytorhabdovirus and . In India, Asia II 1 

is the predominant genetic group associated with cotton, particularly in CLCuD-prone 
regions of North India, while Asia I, Asia II 5, Asia II 7, Asia II 8, Asia II 13, and MEAM1/B 
biotype have also been reported.

Outbreaks: Major outbreaks have been reported during 1929, 1987, 1996, 2015, and 2022, 
with the 2015 outbreak causing severe reductions in cotton production, productivity, and 
cultivated area. The 1987 outbreak was associated with the introduction of synthetic 
pyrethroids, destruction of natural enemies, hormoligosis effects, hot dry weather, and 
cultivation of susceptible  varieties. The 1996 outbreak coincided with severe G. hirsutum
Cotton Leaf Curl Virus epidemic conditions, delayed sowing, intense heat, and high 
humidity, resulting in populations reaching 60�140 adults per three leaves in some fields. 

The 2015 outbreak resulted from favourable climatic conditions, delayed sowing, 
susceptible hybrids, alternate hosts, excessive nitrogen fertilization, indiscriminate 
insecticide use, and resistance development. The 2022 outbreak was associated with 
prolonged sowing windows, susceptible hybrids, imbalance in fertilizer application, 
abundance of alternate hosts such as summer moong, ecological imbalance due to 
insecticides, and increasing resistance to several insecticide groups.

Economic impact: Whitefly infestations cause severe economic losses globally as well as in 
India. Cotton yield losses due to whitefly generally range from 15�20%, but under severe 
infestation losses may exceed 30%. During the devastating 2015 outbreak in North India, 
yield losses exceeded 65% in Punjab, leading to compensation of approximately ₹644 crore 
in Punjab and more than ₹967 crore in Haryana. During the 2022 outbreak, losses ranged 
from 26% to 100% depending on infestation severity. Increased whitefly incidence has been 
observed since 2012, and the 2022 outbreak represented the second major population surge 
within a decade.

Nature of damage: Whiteflies cause both direct and indirect damage to cotton plants. Direct 
damage occurs through sap sucking by nymphs and adults from the underside of leaves, 
producing chlorotic yellow spots that later merge and cause generalized yellowing, reduced 
vigour, and curling of leaves. Continuous feeding reduces photosynthetic activity and 
ultimately lowers yield. Indirect damage occurs through honeydew excretion, which 
promotes the growth of sooty mold. Leaves become shiny initially and later blackened by 

fungal growth. During boll opening stages, lint contamination with honeydew and sooty 
mold severely affects lint quality and seed development. Whitefly is also an efficient vector 
of CLCuD, which significantly increases economic losses in North Indian cotton-growing 
region. Severe infestations often result in visible clouds of adult whiteflies emerging from 
disturbed crop canopies.
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Seasonal pest incidence: Whiteflies remain active from seedling emergence until crop 
maturity. Warm weather, high temperature, and scanty rainfall favour rapid population 
build-up and aggravate pest severity. During the off-season, whiteflies survive on alternate 
hosts including malvaceous crops, cucurbits, crucifers, and perennial weed species, which 
facilitate carryover between cropping seasons. In the North cotton-growing zone, whitefly 
populations generally attain two seasonal peaks: the first peak mainly affects crop growth 
and facilitates CLCuD spread, whereas the second peak adversely affects lint quality and 
seed development during later crop stages.

Mark of identification: 

Eggs: Eggs are pear-shaped, oval, or sub-elliptical with a broad base and a pointed apex, 
extremely minute, averaging about 0.2 mm in length. They attached vertically to the leaf 
tissue by a minute basal stalk or pedicel inserted into the stoma. Freshly laid eggs are 
light yellowish-green to creamy white. Prior to hatching eggs turns dark brown or 
purplish-black at the apex, with distinct red eye spots of the developing nymph visible 
through the chorion.

Nymphs: The nymphal phase progresses through four distinct stages. While the first 
instar is mobile, the subsequent instars are completely sessile, flat, scale-like structures 
clinging to the underside of middle and lower leaves. First instar nymph (crawler), 

Initial symptoms as yellow island Severe infestation of whitefly 

Development of sooty mould Blackening of lint 
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functional legs and antennae are present. They are oval, greenish-yellow, and moves a 
short distance before settling to insert its stylet. In second and third instar, legs and 
antennae regress into vestigial structures. The body becomes a flattened, oval scale, 
translucent yellowish-green, making them highly camouflaged against the leaf lamina.  
Fourth instar (Puparium) nymphs are oval, convex, or disc-like scale, measuring 

roughly 0.7 0.8 mm in length and opaque, pale yellow to deep golden-yellow in colour. 
Margin is smooth or weakly crenulate without conspicuous waxy fringes. 

Adult: Adult whiteflies are small insects with white wings and yellow bodies covered 
by a waxy powder, measuring about 1�2 mm in length, with females being notably larger 
than males.  The head, thorax, and abdomen are distinctly pale yellow to sulfur-yellow in 
colour. Two pairs of wings covered with a fine, powdery white wax.  Bemisia tabaci
holds its wings at an angle in a roof-like or tent-like posture over its abdomen. The wings 
do not meet completely at the top dorsum, leaving a slight gap through which the yellow 
body is visible from above. Compound eyes are dark brown to dark red. Adults are 
highly active when disturbed, flitting rapidly in short flights from the underside of the 
foliage.

Life cycle: Female lay 60 300 elliptical stalked eggs singly predominantly on the 
underside of upper and middle canopy leaves, often scattered or in loose clusters rather 
than strict concentric circles.Eggs hatch within 5�7 days during warm weather, while 
hatching may take more than 30 days during winter. The first instar nymphs, move 
briefly before settling on the leaf surface and inserting their stylets into phloem tissues. 
Thereafter, the nymphs remain sessile throughout development. Nymphal development 
involves three moults and lasts 9�14 days during summer and 17�19 days during winter. 
The pupal period lasts 2�8 days. Depending on climatic conditions, the life cycle may 
range from 17�29 days. Whiteflies complete nearly 12 generations annually and 
reproduce both sexually and parthenogenetically (Malinga & Laing 2024) (Fig 6).

1  instar nymph
st

Egg

Adult

3  instar nymphr d

Fig 6. Life cycle of whitefly
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Pest surveillance: 

i)  Yellow sticky trap: Bemisia tabaci are highly attracted to the bright yellow/bright 
amber colour. Yellow sticky traps are one of the most effective, economical, and non-
chemical tools for the IPM of cotton whitefly. They serve two critical roles in the field: early-
season monitoring/surveillance and mass trapping to reduce adult populations. For 
monitoring / surveillance, deploy 8 traps per acre uniformly across the field, while for mass 
trapping deploy 16�20 traps per acre.

ii)  Field scouting: Whitefly monitoring is mainly based on observation of adults and 
honeydew symptoms on the lower surface of leaves. Infested plants exhibit shiny leaves, 
yellowing, curling, and sooty mold development. During severe infestations, disturbance of 
plants results in visible clouds of adults flying from the crop canopy. Several surveillance 
tools including whitefly suction traps and yellow sticky traps have been developed. During 
surveys at least 20 plants per acre avoiding plants at boundaries and under shade of tree, need 
to be monitored to assess level of incidence. Observe 3 leaves gently from upper, middle and 
lower canopy of each plant.

Economic threshold: The economic threshold for cotton whitefly is 6 adults per leaf or 
more than 50% plants with honeydew.

Management strategy:

Pre-sowing and cultural practices 

 Genotype selection: Cultivate only high-yielding, whitefly-tolerant, and CLCuD-
resistant cotton hybrids or varieties approved by ICAR-CICR, State Agricultural 
Universities (SAUs), or the Department of Agriculture.

 Timely sowing windows: Complete sowing on time to ensure the crop outgrows early 
pest vulnerabilities. Complete sowing of  cotton varieties by April 30.  varieties Desi Desi
are immune to CLCuD and naturally tolerant to whitefly. Complete sowing of upland 
cotton ( ) hybrids/varieties by May 15.G.hirsutum

 Off-season sanitation: Keep fields, bunds, irrigation channels, canal banks, and fallow 
lands free of weeds. Destroy all volunteer or ratoon cotton plants which act as early pest 
reservoirs.

 Alternate host monitoring: Scout for early whitefly populations on surrounding 
alternative hosts like winter vegetables, ornamentals, and plantation crops before cotton 
sowing begins.

 Barrier crops: Plant two dense rows of sorghum, pearl-millet, or maize as a border crop 
around cotton fields. Introduce ecological diversity by interplanting  cotton and Desi
other non-host crops to break pest cycles.

Crop growth stage: 0 60 DAS�

 Maintain optimum stand: Ensure recommended plant populations to avoid overly 
dense, humid microclimates that favor whitefly breeding.

 Judicious nitrogen application: Strictly avoid excessive urea application during early 
vegetative phase. Excess nitrogen produces soft, succulent tissue that accelerates 
whitefly population build-up.

 Initial botanical defenses: Initiate preventive biological sprays starting at 45 DAS. 
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Apply two sprays of neem-based formulations at a 15-days interval to suppress early 
nymph development.

 Avoid chemical spray: Do not apply any synthetic pyrethroids or organophosphates. 
Early use of these broad-spectrum chemistry groups indiscriminately kills natural 
predators, causing severe whitefly resurgence.

 Install yellow sticky traps: Install yellow sticky traps @ 8 per acre during July to 
August for monitoring and @ 20 per acre for management.

Crop growth stage: 61 90 DAS�

 Mass trapping: Install yellow sticky traps at a density of 20 traps per acre across the 
fields to monitor first arrivals and mass-trap migrating adult whiteflies.

 If monitoring indicates whitefly nymph buildup reaches ET, target the immature stages 
using Insect Growth Regulators (IGRs) or lipid biosynthesis inhibitors.

 Targeted nymphal population control: Spray Pyriproxyfen 10%EC @ 20mL/10L 
(1000 mL) /ha or Buprofezin 25%SC @ 20 mL/10L (1000 mL/ha) or Spiromesifen 
22.9% SC @ 12 mL/10L (600 mL/ha).

 Targeted adult population control: Spray Diafenthiuron 50%WP @ 12 g/10L (600 
g/ha) or Afidopyropen 50g/L @ 20mL/10L (1000 mL/ha) or Dinotefuran 20%SG @ 
3g/10L (150g/ha) or Flonicamid 50%WG @4g/10L (200 g/ha) or Clothianidin 50% 
WDG 1 mL/10L (50ml/ha) or Pyrifluquinazon 20% WG @ 10 mL/10L (500 mL/ha). 
Direct sprays to hit the undersides of the leaves where whiteflies live and feed.

Crop growth stage: 91 120 DAS
 Restrict broad-spectrum chemistry: Continue to avoid all synthetic pyrethroids, 

organophosphates, and unapproved chemical tank-mixtures during this window to 
preserve native predatory lacewings, beetles, and spiders.

 North India 

 For whitefly nymph control: Spray Pyriproxyfen 10%EC@ 20mL/10L (1000 mL /ha) 
or Buprofezin 25%SC @ 20mL/10L (1000 mL/ha) or Spiromesifen 22.9% SC @  
12mL/10L (600 mL/ha).

 For whitefly adult control: Spray Diafenthiuron 50% WP @ 12 g/10L (600 g/ha) or 
Afidopyropen 50 g/L@ 20 mL/10L (1000 mL/ha) or Dinotefuran 20% SG @ 3 g/10L 
(150 g/ha) or Flonicamid 50% WG @ 4 g/10L (200 g/ha) or Clothianidin 50% WDG @ 1 
mL/10L (50 mL/ha).

 Central and South zones

 Spray Dinotefuran 20 SG @ 3 g/10L (150g/ha) or Spiromesifen 22.9% EC @12 mL/10L 
(600 mL/ha) or Pyriproxyfen 10EC @ 20 mL/L (1000 mL) or Diafenthiuron 50% WP @ 
12 g/10L (600 g/ha) or Profenofos 50 EC @ 30 mL/10L (1500 mL/ha) or 
Pyrifluquinazon 20% WG @ 10 mL/10L (500 mL/ha).

3.  APHID 

National importance: Cotton aphid,  Glover (Hemiptera: Aphididae) is one Aphis gossypii
of the most important sucking pests of cotton across tropical and subtropical regions. In 
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India, it occurs in almost all cotton-growing states. The pest is prevalent in both irrigated and 
rainfed cotton ecosystems and survives throughout the year on alternate cultivated and wild 
host plants.

Economic impact: Cotton aphid is highly polyphagous and has been reported on more than 
600 plant species belonging to several families. The wide host range enables continuous 

survival and multiplication of aphids throughout the year. The pest can cause 25 35.6% 
avoidable yield losses if action is not taken at right stage. In the late season, honeydew 
secretion on open cotton bolls, the fiber becomes sticky and develops black sooty mold. 

Farmers can lose 15 20% of their market price due to stained, sticky lint quality. 
Nature of damage: Both nymphs and adults suck sap from tender plant parts, reducing plant 
vigor and productivity. Severe infestation causes leaf curling and yellowing, stunted growth, 
delayed crop development, and the shedding of squares and young bolls. Additionally, 
aphids excrete large quantities of honeydew, which promotes the growth of sooty mold, 
thereby hindering photosynthesis and degrading lint quality. Continuous sap extraction 
weakens plants and reduces its growth. Under favorable environmental conditions, aphid 
populations multiply rapidly and can cause substantial economic losses, particularly during 
early crop growth stages and in rainfed cotton systems.

 Curling and crinkling of infested leaves Aphid infested shoot

Aphid on underside of leaf Blackening and contamination of lint

Seasonal pest incidence: The seasonal fluctuation of  is strictly dictated by Aphis gossypii
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weather conditions. Seed treatments provide protection up to 45 days. Depending on the 

region, a minor initial peak can be seen in between 45 60 days. The highest aphid densities 
can occur after mid October in Central and South India. The temperatures between 22 °C and 
27 °C have been reported as favourable range for its development, survival and reproduction 
(Nagrare et al., 2021). High morning humidity (>90%) followed by moderate evening 

humidity (60 70%) accelerates aphid reproduction. Heavy, rain washes aphids off leaves, 
drastically crashing field populations overnight. Conversely, intermittent light drizzles 
coupled with cloudy weather create a microclimate that sets off sudden, explosive 
population flares. Prolonged dry spells followed by intermittent rains often favour aphid 
outbreaks.

Mark of identification: 

Eggs: In warmer regions or tropical climates  rarely lays eggs, it reproduces  A. gossypii
almost exclusively through parthenogenesis. 

Nymph: Nymphs are yellowish to dark green in colour and possesses two horn-like 
projections, called as �cornicles� on the posterior side of the body. Nymphs progress 
through four distinct immature instars before reaching adulthood. Nymphs dimensions 

are 1  Instar: 0.44 0.56 mm length, 0.23 0.38 mm width, 2  Instar: 0.55 0.70 mm 
st nd 

length × 0.35 0.44 mm width, 3  Instar: 0.70 0.88 mm length × 0.42 0.52 mm width,   rd

4  Instar: 0.90 1.15 mm length × 0.50 0.60 mm width. 1st instar nymphs possess 
th  

exactly 4 antennal segments while 2nd through 4  possesses 5 antennal segments. 
th

Adult: Adult body lengths range from 1 2 mm, plump, pear-shaped, and broad. Bodu 
colour mottled dark green to bluish-black in cool weather; small and pale yellow to 
white in hot weather. Eyes are distinctly red or dark reddish-brown. Antennae are shorter 
than the body, with dark tips and a pale middle section.

Life cycle : The nymphal period of cotton aphid ranges from 4.5 6.0 days, while adults 
survive for about 8�10 days. Under favourable temperature conditions of 25�30°C, the 
pest completes its life cycle within 7�9 days. Each female produces an average of 7�13 
nymphs during its lifetime. Owing to its short life cycle and rapid reproductive potential, 
the pest is capable of completing more than 30 generations annually (Saha et al., 2016; 
Nagrare et al., 2021).

Yellowish coloured aphid adult with cornicles 
on posterior abdomen

Aphid colony on lower leaf surface
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Pest surveillance: 

i) Field scouting: Observe 20 plants per acre in 'Z' or 'X' pattern, avoid the absolute 
borders of the field for main count, as edge effects can artificially inflate aphid numbers. 
Inspect field at 3-5 days interval.  

Economic threshold: 10% plants showing symptoms cupping / crumpling of few leaves on 
the upper portion of plant.

Management strategy:

Crop growth stage: 0 60 DAS

 Seed treatment: Commercial seed available in the market are pre-treated with 
neonicotinoids (Imidacloprid/Thiamethoxam), protect the seedlings against sucking 
pests for the first 35�40 days. If seed are not pre-treated, it is advised to treat the seed 
with either of insecticide before sowing. 

 Chemical restriction: Do not apply any chemical or neonicotinoid sprays during this 
initial 60 days window. This period allows populations of beneficial insects to build up. 
Early chemical use will kill these predators and stimulate an aphid outbreak.

 Fertilizer management: Use optimum dose of urea preferably in split doses. Use neem-
coated urea for slow nutrient release. High nitrogen use makes the plant highly attractive 
to aphids.

 Preventive botanical spray: NSKE or neem oil suggested for pink bollworm will help 
to suppress early aphid numbers without harming friendly insects.

Crop growth stage: 61 90 DAS
 Economic threshold based intervention: Only apply a recommended chemical 

insecticide if the aphid population crosses the ET of 10% infestation.

Crop growth stage: 91 120 DAS
 Chemical control: If aphids exceed the 10% ET, use chemicals such as Cyantraniliprole 

10.26% OD @ 900 g/ha, Diafenthiuron 50% WP @ 600 g/ha, Dimpropyridaz 120 g/L 
SL @ 700 mL/ha, Dinotefuran 20% SG @ 180 g/ha, Dinotefuran 70% WG @ 87 g/ha.

 Avoid pyrethroid: Avoid pyrethroid insecticides (like cypermethrin, lambda-
cyhalothrin, fenvalerate). Using them before 120 DAS heavily aggravates sucking pest 
numbers and will result in severe crop damage.

Crop growth stage: >120 DAS

 Late-stage management: No need to take up separate spray, insecticides sprayed 
against pink bollworm will take care of aphids.

4.  THRIPS 

National importance: As like cotton jassid, the introduction of  cotton altered the pest Bt
landscape in India, elevating thrips to a position of critical national importance. Long 
considered as a minor or localized early-season nuisance, thrips have emerged as a primary, 
persistent sucking pest complex capable of derailing crop establishment and severely 
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depressing fiber productivity across all three major cotton-growing zones. Beyond direct 
feeding injuries, thrips carry immense national importance as highly efficient vectors for 
devastating viral pathogens. They are the primary vectors of Tospoviruses, such as the 
Tobacco Streak Virus (TSV) disease in India. 

Species diversity: Thrips species Thrips tabaci, Thrips palmi, Scirtothrips dorsalis, Thrips 
hawaiiensis, Thrips florum, Frankliniella schultzei  Thrips parvispinus.  and the invasive
Among these, and are dominant species in all the three zones while  T. tabaci T. palmi S. 
dorsalis in South zone (Amutha and Rachana, 2023, Nagrare et al., 2024).

Economic impact: Thrips have emerged as major sucking pests of cotton, limiting crop 
productivity through direct feeding and transmitting viral pathogens. Thrips can reduce lint 
yield by 30�50% in cotton (Cook et al., ; Kaur, ).2011 2014

Nature of damage: Characterized by leaf wrinkling and upward curling of the leaf margins 
(compare this to Jassids, which cause downward curling). The laceration results in distinct 
silvery or brownish necrotic spots and patches on the underside of the leaves. In high 
infestation levels, the plant's terminal growth is hindered, leading to overall stunted 
development and significant yield reduction. Due to TSV, necrotic patches on leaves, square 
drying, and systemic stunting associated with virus transmission can lead to localized crop 
failures, making thrips management a strict phytosanitary priority.

Upward curling Silvery patches

Brown patches Infested plant
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Period of occurrence : Thrips thrive in hot and dry climates. Their population usually peaks 

during June August in North India while July August in Central and South India.  
Prolonged dry spells during these months often lead to severe outbreaks. In recent years, 

thrips have emerged as one of the most important sucking pests of cotton in North India. 

Their incidence and severity have increased substantially since 2021, with several locations 

reporting populations above the Economic Thresholds. Field surveys conducted by ICAR-

CICR indicated a marked rise in thrips populations during the 2023 cotton season, with the 

percentage of surveyed locations exceeding ET increasing from 6.12% in 2021 and 8.24% in 

2022 to 37.59% in 2023 (Kumar et al., 2023). The prolonged dry weather, high temperatures, 
low rainfall, indiscriminate use of insecticides, and changes in cropping patterns have been 

considered major factors contributing to these outbreaks. The increasing frequency of thrips 

outbreaks highlights the need for regular surveillance and integrated pest management 

strategies in North Indian cotton ecosystems.

Mark of identification: 

Eggs: Eggs are kidney-shaped to bean-shaped, smooth, translucent white to pale yellow, 

and are inserted singly within the leaf tissue, making them difficult to observe externally. 

Freshly laid eggs measure approximately 0.20�0.30 mm in length and 0.08�0.12 mm in 

width. Before hatching, the eggs become slightly yellowish, and the developing embryo 

may be visible through the chorion.

Nymph: Nymphs are minute, slender, wingless, and yellowish to pale green in color. 

They pass through two active feeding instars and are highly mobile on leaf surfaces. 

First-instar nymphs measure approximately 0.3�0.5 mm, while second-instar nymphs 

reach 0.6�1.0 mm in length. Their microscopic size makes them difficult to detect 

without a hand lens. The body is elongated, soft-bodied, and tapering towards the 
abdomen.

Pre-pupa and Pupa: The pre-pupal and pupal stages are non-feeding and relatively 
inactive. Both stages are pale yellow with developing wing pads. The pre-pupa measures 

about 0.8�1.0 mm, while the pupa measures 0.9�1.2 mm in length. These stages are 

commonly found in concealed locations on plants or in soil debris.

Adults: Adults are small, slender insects measuring approximately 1.0�1.5 mm in 

length and 0.2�0.3 mm in width. Their colour varies from pale yellow to light brown or 

dark brown depending on species and age. A distinguishing characteristic is the presence 

of narrow fringed wings, with long hair-like setae along the wing margins. Adults are 

agile, capable of short flights, and readily disperse among cotton plants.

Life cycle: The life cycle of  consists of six stages: egg, first instar larva, Thrips tabaci

second instar larva, pre-pupa, pupa, and adult. About 100 eggs are inserted into leaf 

tissues and hatch within 4�6 days. The first and second larval instars remain active 

feeders up to 10 days, respectively. The non-feeding pre-pupal stage lasts for 1�3 days, 

followed by a pupal stage of 3�4 days. Adults survive for about 10 30 days depending 
upon host plant and environmental conditions (Malinga and Laing, 2024) (Fig 7).
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Egg

1  Instar nymph
s t

2  Instar nymph
nd

Pre-pupa

Pupa

Adult

Life Cycle of 
Thrips

Fig 7. Life cycle of thrips

Pest surveillance: 

i) Field scouting: Similar to Cotton jassid it is necessary to conduct field surveys every 
3�5 days to determine whether the ET has been crossed. The ET assessment can be done 
based on the infestation grades or the actual number of insects. The insect count should 
be taken randomly from 20 plants per acre, checking 3 leaves per plant (one each from 
the top, middle, and bottom).

 Visual observation can be recorded based on grades given in the management section.

Economic threshold: 10 thrips per leaf and /or 5 plants out of 20 plants randomly 

observed showing silvery patches on underside of leaves above mid canopy (25% plants 
infested).

Management strategy:

Crop growth stage: 0 60 DAS
 Seed treatments: To protect seedlings for the first 45 days seed treatment is 

advocated. Commercial seed are coated with systemic insecticides like 

Imidacloprid 70 WS@ 5 10 g/kg seeds or Thiamethoxam 30 FS @ 10 mL/kg seeds.
 Field sanitation: Field and field bunds should be free from weeds and Parthenium 

weed should be eradicated in and around the fields. 

 Scout early for TSV risks : Closely monitor the crop during its initial growth stages 
for any signs of thrips infestation. Early detection is critical for assessing and 



42
Integrated Management of Cotton Pests, Diseases and Nematodes ICAR-Central Institute for Cotton  Research 

checking the risk of Tobacco Streak Virus (TSV) transmission.

 Install blue sticky: Install blue sticky traps at a density of 8 traps per acre. Thrips are 
highly attracted to the blue color; these traps will help to catch the first arrivals and 
accurately tracking population trends. 

 Optimum use of nitrogenous fertilizers: High, uncalibrated basal doses of 
nitrogenous fertilizers produce soft, highly succulent seedling tissue that triggers 
exponential thrips population explosions. Use balanced and split applications of 
nitrogenous fertilizers

Crop growth stage: 61 90 DAS
 Scout for TSV risks: Closely monitor the crop during its initial growth stages for 

any signs of thrips infestation. Detection is critical to assess and check the risk of 
Tobacco Streak Virus (TSV) transmission.

 Chemical sprays: On crossing ET, spray Thiamethoxam 25%WG @ 2 g/10L (100 
g/ha) or Spinetoram 11.7% SC @ 8.4 mL/10L (420 mL/ha) Or Profenofos 50%EC 
@ 30mL/10L (1500ml/ha) or Tolfenpyrad 15% EC @ 1000 mL/ha or Buprofezin 
25%SC @ 20 mL/10L (1000 mL/ha) or Dinotefuran 20% SG @ 150 g/ha or 
Diafenthiuron 50% WP @ 600 g/ha for the management of thrips infestation to 
check the transmission of  TSV.

Crop growth stage: 91 120 DAS
 Chemical sprays: Spray Thiamethoxam 25%WG @ 2 g/10L (100 g/ha) Or 

Spinetoram 1.7% SC @ 8.4 mL/10L (420 mL/ha)

5. COTTON MEALYBUG 

National importance: The cotton mealybug,  Tinsley (Hemiptera: Phenacoccus solenopsis
Pseudococcidae), holds national importance as an exotic, invasive, and highly destructive 
pest within the cotton agroecosystem.  presents a significant threat to P. solenopsis
agriculture and horticulture in many tropical and subtropical countries, posing a severe 
threat to cotton production, especially in Asia; the climate of many of these cotton-producing 
regions is highly favorable for its colonization and establishment (Wang et al., 2010). 
Although cotton mealybug infestation peaked during 2007 and 2008 (Nagrare et al., 2009), it 
was reduced to minor pest status from 2011 onwards. Currently pest seen in trace. 

Economic impact: Severe infestation can cause seed cotton yield reduction up to 50% 

(Nagrare et al., 2009)

Nature of damage: Both nymphs and adults suck sap from all parts of the plant. Plants 
infested with mealybugs during the vegetative stage exhibit stem distortion, twisting, 
bunchiness or bushiness of the affected portions, and severely stunted growth. While 
feeding, they inject toxic saliva into the plant tissue, inducing severe chlorosis, premature 
senescence, defoliation, and complete drying up of the plant in extreme cases. Furthermore, 
the bugs excrete large quantities of sticky honeydew. This sugary coating serves as a 
substrate for black sooty mold fungi, which block photosynthesis and drastically degrade the 
quality of the lint and fiber.
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P. solenopsis colony on underside of leaf  P. solenopsis infested young plant

 P. solenopsis infested stem  P. solenopsis infested boll

Seasonal pest incidence: As young cotton seedlings establish in the field, early mealybug 

populations begin migrating from surrounding weeds or border vegetation. At this 

vegetative stage, the initial infestation appears in small, scattered patches or clusters, often 

restricted to a few plants near field edges. With the onset of the reproductive stage, the 

population begins to multiply rapidly. The expanding plant canopy provides ample feeding 

sites and protection. Crawlers actively disperse upward to colonize tender apical shoots, leaf 

petioles, and squares. The pest population reaches its peak during the boll development and 

bursting stages. Huge, cottony-white colonies wrap around developing bolls and branches. 

Warm temperatures coupled with drying weather create ideal conditions for multiplication.

Mark of identification: 

Eggs: P. solenopsis is ovoviviparous or viviparous, the eggs develop fully inside the 

female, and female primarily deposits highly active, live young (crawlers). Eggs are 

measuring about 0.30 0.40 mm length and 0.34 0.37 mm width. The individual eggs  
are minute, oval-shaped, and possess a pale yellow to translucent amber coloration. 

They are enclosed within a prominent, white, loosely woven, cottony waxy mesh known 
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as an ovisac. The ovisac is typically constructed beneath or at the posterior end of the 

adult female body, anchoring the colony to the cotton stem, leaf, or boll.

Nymph: First instar nymphs also called as 'Crawlers' are tiny (roughly 0.3 0.5 mm 
long), elongated-oval, and completely devoid of the thick white waxy coating adults. 

They have a distinct yellowish to light-brown body, functional legs, and active antennae, 

allowing them to crawl rapidly across the plant canopy in search of fresh feeding sites. 

These are the primary dispersal stage. Second (0.75 1.15 mm) and third instars nymphs 
(1.40 2.05mm) settle and begin feeding, their bodies widen and become covered with a 
thin, powdery layer of white wax.

Male pre-pupa and pupa: Male pre-pupa is measured about 1.10 1.40 in length while 
pupa is 1.25 1.55 mm in length.

Adult: The adult female is small, measuring approximately 2.5 5.0 mm in length, and is 
covered by a white, powdery mealy wax. Distinct dark, dorso-submedian bare spots on 

the body surface align to form a prominent pair of dark longitudinal lines down the 

dorsum. This small body size, protective waxy coating, and the ability to feed on all plant 

parts collectively enable  to colonize and spread rapidly over extensive P. solenopsis

areas. In contrast, the adult male looks entirely different, resembling a tiny, delicate, 

two-winged gnat or fly. It has an elongated, greyish-flesh-colored body measuring about 

0.95�1.20 mm and possesses a single clear pair of wings for flight. Adult males are short-

lived.

Life cycle: P. solenopsis  is known for its high reproductive capacity, producing 128
812 offspring per female with a 95% female-biased progeny on cotton, completing 

several generations a year. The developmental period for females was recorded as 13-16 

days, compared to days for males. The reproductive period lasted days. 18 19 22 38  
Furthermore, adult females lived for 27 42 days, whereas males survived for only  1 2 
days (Vennila et al., 2010, Nagrare et al., 2018) (Fig 8 ).

Pest surveillance: As like other sucking pests, farmer should visit weekly interval.  Initial 

infestations almost always appear near field edges, irrigation channels, or bunds where 

alternate weed hosts like  or  reside. The Parthenium hysterophorus Abutilon theophrasti

presence of active ant trails on cotton stalks is a primary bio-indicator. Ants attracts 

mealybugs for their sugary honeydew and actively defend them from natural predators, often 

moving crawlers to fresh plant tissue. Early-season crawlers look for shelter from heavy 

rains and direct sunlight, settling on the lower stems, leaf axils, and underside of leaves.

Economic threshold: 5 10% of the sampled plants in a field score at Grade 2 or more 
(small, localized clusters of mealybugs established on a single branch or apical shoot tip) or 

above.
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Egg

Adult Nymph

Fig 8. Life cycle of P. solenopsis

Management strategy:

Crop growth stage: 0 60 DAS

 Sanitation of field borders: Remove and destroy weeds along field bunds, irrigation 
channels, and nearby roadsides. Prioritize removing key alternate hosts like P. 

hysterophorus A. theophrasti and .

 Regular scouting: Initiate weekly field scouting, paying special attention to border 

rows and ant activity.

 Ant management: Mealybug distribution is heavily aided by symbiotic ants. If active 
ant nests are spotted along bunds or at plant bases, apply localized drenching or dusting 

around the field perimeter to disrupt their trailing network.

 Mechanical eradication: If isolated, scattered plants show early Grade 1 or Grade 2 

infestations, carefully uproot and destroy them, or prune the infested twigs and bury 
them away from the field to eradicate early patches.

 Biopesticides: Spray a botanical insecticide like neem formulation as a prophylactic 

measure to deter early crawler settlement.

Crop growth stage: 61 90 DAS
 Conservation of natural enemies: This is the peak arrival time for the highly effective 

endoparasitoid . Avoid applying broad-spectrum synthetic Aenasius arizonensis
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