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ARTICLE INFO ABSTRACT

Pink bollworm (Pectinophora gossypiella) remains one of the most economically damaging pests of cotton
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eradication through integrated approaches. Field data from Punjab and other cotton belts show rising
infestation trends tied to seasonal and climatic patterns, underscoring the need for region-specific
monitoring. This review examines a broad-spectrum management tool, including cultural practices such
as early sowing, season shortening, stalk destruction and deep ploughing; Pheromone-based tactics
including mating disruption and mass trapping; biological control agents such as Trichogramma parasitoid
and entomopathogenic fungi; and chemical options including newer selective insecticides and rotational
spray programs. Findings across studies consistently indicate that no single tactic provides adequate
suppression and that combining cultural, biological, pheromone-based and chemical strategies within an
integrated pest management framework offers the most sustainable and economically viable path forward
for cotton-growing regions facing continued pink bollworm pressure.
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Introduction

Cotton is an essential cash crop across worldwide serving as foundation of global textile industry and sustains rural economies with
advances in production technologies contributing to higher production and economic growth. in Pakistan, cotton is a key agricultural
crop that significantly supports national economy through exports and employment generation. Despite this importance, its production
increasingly affected by biological pressure, changing climate conditions and economic challenges however, to ensure its long-term
sustainability to strengthen the productivity of cotton it is essential to take the adaptive measures, improve scientific research and strong
policy support to secure the future of this crop (Ali et al., 2019; Rehman et al., 2020; Ashraf et al., 2024). The pink bollworm,
Pectinophora gossypiella Saunders (Lepidoptera: Gelechiidae), is considered as most threatening insect pest of cotton crop worldwide
affecting yield production contributing sufficient economic losses and challenges to sustainable agriculture. Because of its strong
dispersal ability and damaging feeding on cotton bolls, PBW has been a major target of pest management studies in many cotton growing
countries particularly in the southwestern united states, India and China. The biology and population behavior of this pest are greatly
affected by environmental factors particularly temperature, it plays a critical role in the development and survival as well as reproductive
ability of PBW which in turn influences its spread and the intensity of crop infestation (Nagaraju et al., 2024). Early approaches to pest
management were largely dependent on chemical insecticides, however, increasing costs, environmental risks, and emergence of
resistance have shifted attention toward integrated pest management (IPM). Modern ecologically based strategies now combine pest
monitoring, biological control, cultural practices and resistance crop varieties to design localized pest control systems (Henneberry and
Naranjo., 1998). The widespread adoption of bt cotton toxins from becillus thuringienesis significantly improved pink bollworm control
and decreased dependency on chemical pesticides, reducing environmental hazardous risks, however, the emergence of resistance in P.
gossypiella against bt toxins like Crylac and Cry2ab has become a growing concern in different cotton-growing regions (Lu & Li.,
2024). While the advances in molecular studies have revealed that at the basis of resistance mechanism that mutations in cadherin
(PgCadl) and ATP binding cassette transporter (PgABCA2) genes disrupt the interaction between the bt toxins and insect targets,
thereby conferring resistance leading to control failures china remains largely effective with only initial resistance indications, and the
united states has successfully managed to suppress or eliminate P. gossypiella through integrated approaches that compliment bt cotton
additional control measures (Carriere et al., 2001; Tabashnik et al.,2005; Fabrick et al., 2023). Current advancements in pest management
emphasize combined use of novel and conventional techniques against pink bollworm. Green synthesized silver nanoparticles, microbial
formulations of bacillus thuringiensis and selected chemical insecticides have demonstrated significant larvicidal activity, providing
environmentally safer alternatives for effective controls (Khan et al., 2024). implementing these innovative approaches is crucial to
reduce the risk of evolution of resistance, effectively control resistant populations and maintain stable cotton production systems in long
term. This review summarizes current knowledge regarding biology, ecology, resistance genetics and integrated management strategies
of P. gossypiella, while, also outlining the recent scientific advances and future investigation areas important for sustainable cotton
protection.

Origins and Distribution

Pectinophora gossypiella originated from Asia and later dispersed across global cotton-growing areas, including India, Mexico and the
southwestern united states (Gutierrez et al., 1977; Naik et al., 2020) genetics research in India reveals pattern of population growth along
with diverse haplotypes indicating recent expansion and extensive spread of the species (Naik et al., 2020). Its distribution across arid
zones in the United States and Mexico is influenced by adult dispersal through flight as well as key adaptations (Gutierrez et al., 1977;
Henneberry and Naranjo., 1998). Development and survival are strongly regulated by temperature, making it important to impacting
distribution and population dynamics (Nagaraju et al., 2024)

Biology and ecology

The biology of pink bollworm encompasses through various traits the study findings under the laboratory conditions using artificial diet
was investigated to understand its developmental duration, reproductive potential, adult longevity and sex-ratio on cotton seed. The
study has proved that environmental factors and host diet have influence on the developmental biology of the pest (Zinzuvadiya et al.,
2017). Life cycle of PBW passes through four life stages egg-larva-pupae and adult, have the distinct time interval between the life
stages. Lustrous white Eggs are laid by females singly or in small groups on bolls, squares, flowers, and sheltered plant parts (Arif et
al., 2024; Rao G., 2022). Caterpillars are small and white in color with dark brown head in early instar. As they reach to 3rd instar
onward, the larval body changes the color into pink and then becomes darker in the last larval instar. The growing intensity influenced
by the type of food specifically mature cotton seeds. Full grown larvae are 10-12 mm in length and show reddish bands on the body
surface with dark-brown head. Larvae can pupate in 10-14 days (cited by Bhute et al., 2023). Pupal stage is non feeding transitional
phase which the insect undergoes metamorphosis develop into the adult. During this period the pupae is initially lighter brown in color
and gradually changes into dark brown as development progresses. The pupae are oval shaped with a pointed posterior end. Sexually
dimorphism is observed at this stage where male pupae is smaller than female pupae. Duration of pupal stage varies with host plants
generally ranging from 7.5 to 9.5 days (Shrinivas et al., 2019). The moth is adult stage of pink bollworm life cycle in cotton crops,
arising from the pupae located within the infested bolls. Adult female lay eggs within the boll surface newly emerged larvae bore into
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the bolls and continue development as well as pupate inside the cotton bolls. Because adults are responsible for production and spread
(Semmons et al., 2011; Fand et al., 2019)

Climatic influence and agroecosystem interactions on development and survival of PBW
Temperature

Temperatures significantly influence the growth and development of pink bollworm populations. Research indicates that the insect’s
overall developmental duration decreases as temperatures increase from 20°C to 40°C while the highest larval survival rates
approximately 80-86% occur at 30°C and 35°C. moreover, the biological traits, including pupal mass, reproductive success and egg
laying capacity, are highest within this optimal temperature range in contrast, extreme temperatures of 20°C and 40°C negatively affect
egg hatchability, larval survival and adult emergence. Considerably, females demonstrated greater longevity then males across all
temperature regimes the influence of temperature on these biological parameters has major implications for population fluctuations and
implementations of sustainable pest management practices under the different climatic conditions (Nagaraju et al., 2024)

Infestation on low temperature

Evidence from the field studies in Pakistan and India shows that pink bollworm incidence is generally higher under cooler weather
conditions. A decrease in minimum temperatures, along with seasonal cooling trends, is closely related with elevated pest infestations,
and greater trap captures, especially during late-season and winter periods (Sabir Hussain et al., 2022; Muneer Abbasi et al., 2022;
Rakhesh et al., 2023; DV et al.,2025)

Humidity and rainfall

field evidence shows that larval infestation and boll damage tend to be lower under conditions of higher humidity and rainfall, while
extended sunshine exposure is associated with greater larval abundance and a higher abundance and a higher incidence of rosette flowers
(KM vora et al., 2024)

Reproduction and Genetics

The reproductive biology of pink bollworm offers important insights for developing effective pest management measures. Genetic
transformation through piggyBac-mediated germline transposable elements have enabled stable genetic transformation, paving the way
for improved SIT programs and more efficient resistance management practice (Peloquin et al., 2000). While studies on genetic
structures of pink bollworm have revealed mechanisms underlying its adaptation to BT cotton. Resistance has been documented against
both single toxin and pyramided BT cultivars expressing Crylac and Cry2ab. Evidence suggests that the resistance traits are inherited
in an autosomal recessive manner (Fabrick et al., 2015). However, the progression of resistance can be mitigated through resistance-
management practices such as non-BT cotton refuges and exploiting the fitness costs associated with genotypes (Tabashnik et al., 2005)

Interaction with Host Plants

Host plant characteristics play a crucial role in determining the survival and reproductive success of PBW. Variations among cotton
cultivars can impose different levels of antibiosis, thereby affecting the persistence and prevalence of resistance traits within pest
populations. While experimental evidence shows little variation in fitness cost between cultivars, theoretical models imply that
differences in host plant mediated survival may affect the rate and direction of resistance development (Carriere et al., 2005).

Regional implications and population outbreaks

Field investigations conducted in 17 districts of Punjab between 2012 and 2019 revealed that pest infestation exceeded the economic
threshold level, ranging from 0.1% to 35.7%. The highest infestation rate was recorded in Bahawalnagar, Bahawalpur, Faisalabad, Jhang,
Mianwali, Multan, Muzaffargarh, Rahim Yar Khan, Lodhran (Sabir Hussain et al.,2022). Intensive monitoring conducted in Faisalabad,
Multan and Bahawalpur between 2018 and 2020 revealed that Bahawalpur consistently recorded the highest moth and larval populations.
With abundance reaching its maximum during august to November (Shamim Akhter et al., 2026). Rising number of insects recorded in
traps during 2018-2020 indicates an upward trend in population abundance (Muneer Abbasi et al., 2022)

Table-1 Regional patterns of Pectinophora Gossypiella in Pakistan.

Aspect Main findings in Punjab (Pakistan) References

Bahawalnagar, Bahawalpur, south & central (Sabir Hussain et al., 2022; Shamim Akhter et al.,

High-risk districts Punjab belt 2026)
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(Syed Asmat Hussain Shah et al.,2021; Muneer
abbasi et al., 2022; Shamim Akhter et al., 2026)

(Sabir Hussain et al., 2022; Muneer Abbasi et al.,
2022; Shamim Akhter et al., 2026)

Peak activity Aug-Nov (flowers then bolls)
Trend Increasing moth captures over years

Often higher at moderate temps, humidity; (Sabir Hussain et al.,2022; Muneer Abbasi et al.,

Climate link temp often negative correlation 2022; Shamim Akhter et al.,2026)

Integrated pest management approaches
Cultural practices
Sowing dates

Adjusting sowing time is a simple yet highly effective cultural control measure. Cotton planted earlier tends to set and mature bolls
before pink bollworm population reaches their peak, resulting in lower infestation levels. Attia et al., (2021) observed that the three
planting dates (23 march, April 17, May 6) and mean PBW infestation rates 2.11, 3.5, and 2.33 larvae/boll respectively, results showed
that earliest sowing dates were associated with lowest pest infestation level and greatest cotton productivity. Bollworm et al., (2022)
conformed that early sowing of fast maturing cotton cultivars is an effective strategy for interfering with pink bollworm diapause and
shortening pest susceptible phase of crops. R.S et al., (2023) similarly recognized early planting as a fundamental cultural component
of IPM for controlling PBW.

Season shortening

Maintaining cotton fields for an extended period enables PBW to complete more lifecycles, which can increase overwintering larval
populations. Tabashnik et al., (2019) reported that the growing prevalence of BT cotton resistance has reinforced the need of IPM
programs that focus on the shortening of the cotton season, eliminating crop residues and integrating other non-chemical management
practices. Khakwani et aal., (2022) further suggested adopting early maturing verities along with growth regulators and harvest aid
treatments to facilitate earlier crop termination and reduce the survival of diapausing larvae. Likewise, sarangi et al., (2024) recognized
timely sowing and early crop removal as effective and eco-friendly approach for PBW suppression, particularly because the pest remains
protected from man chemical control measures while feeding inside the plant tissues.

Stalk destruction

Post harvest cotton stalks and residual bolls provide suitable shelter for PBW larvae during diapause, enabling the pest to survive
between cropping seasons. As a result, removing destroying these residues is considered as an effective integrated pest management
tactic. Ahamed et al., (2020) demonstrated the effectiveness of an AMRI developed stalk puller shredder in breaking down cotton
residues and reducing habitat favorable for larval survival. Their study further highlighted the role of optimized blade design in
enhancing shredding efficiency. Similarly, fransischini et al., (2019) reported that a combination of stalk removal and herbicide
application successfully eliminated cotton plants and prevented regrowth within 14days. Surveyed from India revealed widespread
farmer adoption of residue management practices, including stalk destruction and deep ploughing, as preventive measures against pink
bollworm. Furthermore, findings by Baraiya et al., (2022) showed that many farmers were aware of the value of burning cotton residues
after harvest to suppress the overwintering pest populations.

Deep ploughing

Deep tillage during the summer months, reaching depths of 30-40 cm, helps reduce pink bollworm populations by bringing diapausing
larvae and pupae to the soil surface, where they are exposed to harsh environmental conditions and natural predators such as birds.
Additionally, it buries infested crop residues beyond the depth from which adults can successfully emerge. Katole et al., (2022)
mentioned that deep ploughing ranked among the most extensively adopted IPM interventions in Vidarbha cotton districts, with a
reported adoption level of 90.33%. its inclusion in standard IPM recommendations is attributed to its effectiveness in reducing pest
survival in soil and creating favorable seedbed conditions for the following crop cycle.

Crop rotation

Since pink bollworm depends exclusively on cotton for its development, rotating cotton with non-host crops such as cereals and legumes
disrupts its lifecycle by removing a suitable food source. This practice also supports the conservation of natural enemies in agro-
ecosystems. Hanif et al., (2025) studies from Pakistan have identified the combined use of suitable crop verities and optimized planting
schedule as an important cultural approach for disrupting the life cycle of pink bollworm and reducing pest pressure. Katole et al., (2022)
observed that crop rotation is widely recognized as an effective pest management strategy. Findings showed that nearly half (47%) of
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the farmers in Vidarbha had yet to adopt this practice, underscoring challenges in its implementation. R.S et al., (2023) crop type
modification was highlighted as one of three major cultural interventions for reducing pest persistence, together with early planting and
elimination of crop residues, rotation practices may be strengthened using short duration cotton verities and plants exhibiting structural
traits associated with pest resistance.

Field sanitation

Frequently collection and destructions of infested rosette flowers, damaged bolls and fallen fruiting bodies can effectively suppress pink
bollworm populations by eliminating developing larvae and limiting pest multiplication during the growing season. Hanif et al., (2025)
emphasized the importance of eliminating the infested plant debris, including remaining bolls, as a key component of cultural control
programs. Baraiya et al., (2022) found that 59.5% of farmers surveyed in Gujrat were aware of the importance of the collecting and
destroying infested flowers and bolls. The study also showed that post-harvest grazing sheep and goats was the most widely recognized
sanitation practices with an awareness level of 72.25%. U.S.S. et al., (2024) emphasized that resistance management can be strengthened
through the adoption of timely planting, effective field sanitation, the use of pheromone traps and mating disruption technologies. Birah
et al., (2023) demonstrated that the adoption of IPM practices, including effective field sanitation, reduced insecticide applications by
49.74% decline in insecticide use and a 28.49% improvement in cotton yield to standard farming practices.

Water management

Effective water management practices can contribute to pink bollworm suppression by hastening crop maturity and lowering the survival
of dormant larvae. Bariola et al., (1981) reported that stopping irrigation earlier in the season substantially reduces the abundance of
diapausing larvae remaining after harvesting. The integrated of early irrigation termination with chemical defoliation or crop termination
further minimize moth emergence in the following spring. In addition, lower levels of boll infestation and reduced heliothis spp.
Oviposition were observed during the late growing season. Henneberry., (2007) also emphasized irrigation management is a historically
successful cultural control component of area-wide PBW control strategy.

Host free period

A coordinated host-free season can significantly contribute to pink bollworm suppression by removing cotton plants across a region and
thereby limiting the survival of dormant populations. Khakwani et al., (2022) highlighted host-free management as an essential
component of comprehensive PBW eradication strategies. According to Henneberry., (2007) because the adult moths can diapause over
considerable distances, effective management must be implemented on a large geographical scale and involve all stakeholders in the
agriculture sector. Fand et al., (2019) similarly advocated modifications in regional cotton production patterns to improve pest
management outcomes. The eradication program carried out in the south-western USA from 2001 to 2005 successfully incorporated
these coordinated cultural measures alongside BT cotton and sterile insect release.

Stalk stalking

Preventing the accumulation of the cotton stalks around the fields and households in an important yet frequently neglected pest
management strategy. Stacked stacks can harbor dormant PBW larvae, which later developed into moths reinfest cotton crops according
to Hanif et al., (2025) avoiding the vertical pilling of infested plant material is essential for disrupting the pink bollworm life cycle.
Similarly, Katole et al., (2022) found that 88.33% of farmers in Vidarbha region adopted the practice of not retaining cotton stalks for
fuel as part of improved IPM program.

Pheromone Trap for Pink Bollworm Control
The pheromone Gossyplure

Gossyplure (ZZ/ZE-7,11-Hexadecadiene-1-yl acetate), the synthetic sex pheromone of pink bollworm, forms pheromone-based
management programs for this pest. Early research by Gaston et al., (1977) demonstrated that maintaining a continuous concentration
of gossyplure within cotton fields throughout the growing season disrupted mate finding behavior between male and female moths. This
disruption significantly reduced larval infestation and provided level of pest suppression comparable to those achieved with insecticide
treatments. Their pioneering work, initiated in the early 1970s, established mating disruption as an environmentally friendly alternative
to chemical control and encouraged extensive subsequent research and field adoption in different cotton growing regions worldwide
(Lykouressis et al.,2005)

Trap designs and monitoring

The effectiveness of pheromone-based monitoring largely depends on trap design and deployment. Research by Tamhanker et al., (2001)
introduced the BARC trap, a modified dry-funnel system that demonstrated substantially higher moth captures than commonly used
Deltaand omnidirectional traps. In addition, to improved trapping efficiency, the design showed greater durability under field conditions.
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The design showed greater durability under field conditions. More recently, Katranas et al., (2024) examined the influence of trap type
and installation height in cotton fields and reported superior performance of delta traps compared with funnel traps. Their findings
indicated that traps positioned approximately 30cm above the ground collected more moths than those placed at 90cm, helping refine
monitoring recommendations. For population suppression through mass trapping, Lakshmi et al., (2023) observed that sleeve traps
deployed at densities ranging from 20 to 50 traps per hectare were more effective than funnel and Delta traps, resulting in reduced larval
infestation, lower locule damage, and increased seed cotton production in Pakistan, pheromone trap monitoring conducted in the Sindh
cotton-growing regions identified the third week of July as the period of highest moth activity, which coincided with peak flowering,
highlighting the value of pheromone traps in determining the optimal timing of management interventions (Khoso et al., 2025)

Mating Disruption Using PB rope L Dispensers

PB Rope L dispensers, which consist of ropes impregnated with the synthetic pheromone gossyplure and design for gradual release,
have been extensively studied as a matting disruption technique for pink bollworm management. Field evaluation conducted in different
cotton-growing regions have consistently demonstrated their effectiveness in suppressing pest populations and reducing crop damage.
In Punjab, Pakistan, Husnain et al., (2021) observed a substantial decline in male moth captures throughout the cotton season when
dispensers were deployed at a rate of 100 units per acre. This reduction in pest activity was accompanied by lower boll infestation levels
and improved seed cotto yield compared with untreated fields. Similarly, outcomes were reported by Babar et al., (2022) in Faisalabad
where the application of 240 dispensers per hectare significantly decreased moth abundance, green boll damage, and larval populations
over two successive growing seasons. In India, Meena et al., (2021) found that a single deployment of PB rope L Dispenser at 685 units
per 10 hectares, approximately 50 days after sowing, provided season-long suppression of pink bollworm populations and effectively
limited boll infestation, thereby reducing reliance on repeated insecticide applications. Research conducted in Greece by Lykouressis et
al., (2004) also demonstrated the value of PB Rope L technology, showing marked reductions in moth captures and boll injury intreated
fields. The study further revealed that gossyplure dispensers remained biologically active for nearly three months under field conditions.
Subsequent investigations highlighted those environmental factors, particularly the orientation of cotton rows in relation to prevailing
wind direction, can influence the overall effectiveness of matting disruption programs (Lykouressis et al., 2005)

Novel formulation and IPM

Recent developments in pheromone technology have introduced new slow-release formulations for pink bollworm management.
Mahalakshmi et al., (2020) reported that SPLAT (Specialized Pheromone and Lure Application Technology) effectively reduced moth
populations, larval infestation, and boll damage while improving seed cotton yield in bt cotton. Researchers have also evaluated
formulations combining gossyplure with pyrethroids, which attract male moths and expose them to insecticides, enhancing control
through both matting disruption and direct mortality (Beasley et al., 1984). Pheromone-based technologies are most effective when
incorporated into integrated pest management (IPM) programs. Studies by Rajashekhar et al., (2022), Narayanamma et al., (2023) and
Rao et al., (2024) showed that IPM modules containing pheromone traps, biopesticides, and selective insecticides provided better pest
suppression, higher yields, and greater economic returns than conventional farmer practices. These findings highlighted the i mportance
of integrating pheromone tools with other management strategies for sustainable pink bollworm control.

Biological control of pink bollworm

Parasitoids: egg parasitoids, particularly species of Trichogramma and trichogrammatoidea, are among the most important biological
control agents used against pink bollworms. According to Ali et al., (2025), these parasitoids can achieve high levels of egg parasitism
and substantially reduce boll damage when integrated with cultural management practices. In Pakistan, Lodhi et al., (2025) demonstrated
that field releases of Trichogramma chilonis significantly lowered flowers and boll infestations, highlighted its potential as an
environmentally sustainable control option. Among the evaluated species, Trichogrammatoidea bactrae has shown particularly strong
performance. Kumar et al., (2022) reported higher egg parasitism rates for Tr.bactrae than for several other trichogrammatids species
under laboratory, cage, and field conditions, repeated field releases improved cotton yield without relying on chemical insecticides.
Similarly, results were reported by Mahalakshmi et al., (2020) who observed reductions in larval populations and boll damage flowering
releases of Tr. Bactrae. Padma Shree et al., (2023) further noted that its effectiveness was comparable to neem-based treatments while
posing less risk to beneficial organisms than broad-spectrum insecticides. Studies from Egypt also support the value of egg parasitoids
in pink bollworm management. Abd El Hafeez et al., (2004) found that early -season release of Trichogramma evanescens provided
greater suppression of boll infestation than delayed releases or programs combining parasitoids with insecticides. Likewise, Darwish et
al., (2017) reported that parasitoids release reduces boll infestation levels, although mass trapping generally produced the highest level
of control. Overall, these findings indicate that egg parasitoids are valuable components of integrated pest management programs,
particularly when released at the appropriate time and combined with other compatible control measures.

Use of Entomopathogenic Fungi and Botanical biopesticides

Entomopathogenic fungi are important biological agents that can complement parasitoids in the management of pink bollworm.
Laboratory investigations conducted by Farooq et al., (2020) demonstrated that the fungal species Beauveria bassiana, Metarhizium
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anisopliae and verticillium lecanii were effective against second-instar PBW larvae. The highest level of larval mortality, along with
significant reduction in population and adult emergence, was achieved when all three fungal species were applied together at elevated
conidial concentrations and combined with azadirachta indica (neem) extract. These findings suggest that combining EPFs with
botanical products can enhance their insecticidal activity through synergist effects. Reviewed by Da Fabrice et al., (2020) highlighted
the value of Beauveria bassiana as a component of integrated cotton pest management program. The author emphasized its effectiveness
against several lepidopteran pests, including PBW, while noting that field performance depends largely on factors such as formulation
quality and environmental conditions. Similarly, Rind et al., (2025) reported that botanical pesticides provide a promising eco-friendly
option for PBW suppression. Including neem seed kernel extract (NSKE), neem oil, and azadirachtin-based formulations, have shown
considerable effectiveness against PBW larvae while preserving beneficial natural enemies. The review also identified other plant-based
extracts, such as tobacco, datura, chili, and artemisia annua, as potential control options, particularly when used alongside biological
control agents. The authors concluded that integrating botanical pesticides with pheromone-based monitoring systems and biological
control measures can contribute significantly to sustainable PBW management within an integrated pest management (IPM) framework.

Table-2 Performance of natural enemies in pink bollworm suppression

Natural Enemy Type Mode of Action Efficacy References
Trichogramma Parasitoid Eqq parasitization High (70-  (Kumar et al., 2022; Sharm & Verma., 2021,
chilonis 9gp 90%) Desai et al., 2021),
. . Medium (40- )
Telenomus remus Parasitoid Egg parasitization 60%) (Chen et al., 2023; Anderson et al., 2023)
Bracon hebetor Parasitoid Larval parasitization gil)iz;um (30- (Sharm & Verma., 2021; Martinez et al., 2022)
Campoletis chlorideae  Parasitoid Larval parasitization 7”;9;]‘) (60- %ggar etal., 2022; Desai et al., 202; Guptaetal,
Metarhizium Entomopatho Funaal infection Medium (40- (Chen et al., 2023; Oliveria et al., 2021; White et
anisopliae gen g 55%) al., 2023),
Beauveria bassiana ggr':omopatho Fungal infection %%z;um (35- (Martinez et al 2022; Hassan et al., 2022)
Coccinella Direct predation of Low-Medium .
septempunctata Predator eggs/larvae (15-35%) (Sharma & Verma., 2021; Anderson et al., 2023)
. Low-Medium . ] .

Chrysoperla carnea Predator Larval predation (10-30%) (Desai et al., 2022; Robinson et al., 2021)

. T . L High (75- (Guptaetal., 2022; White et al., 2023; Ferreira et
Bacillus thuringiensis  Biopesticide  Larval pathogen 8506) al., 2023)

Chemical control

Efficacy of synthetic insecticides: Although concerns regarding environmental contaminations, resistance development and non-target
effects have encouraged the adoption of integrated pest management approaches, chemical insecticides continue to play an important
role in suppressing pink bollworm populations when infestation surpasses economic threshold levels. Recent studies have highlighted
the effectiveness of several modern insecticides against this pest. Shree et al., (2024) reported that emamectin benzoate 5SG provided
the greatest reduction in boll damage, decreasing infestation by 89.25% and producing the highest seed cotton yield (1,955kg ha—1).
Other highly effective treatments included chlorantraniliprole 18.5 SC, Spinosad 45 SC, and flubendiamide 39.5 SC. In comparison,
botanical products exhibited moderate efficacy, within 5% neem seed kernel extract (NSKE) reducing boll damage by 58.06% and a 5%
neem-based formulation (1,500 ppm) achieving a 50.54% reduction, indicating their values as supplementary control measures.
Similarly, Hnialum et al., (2023) identified Spinosad 45SC and emamectin benzoate 5SG as the most effective insecticidal treatments,
recording larval mortality of 76.2% and 70.54% respectively, while cypermethrin 25EC also demonstrated satisfactory performance.
Under rainfed conditions, Naik et al., (2023) found that a combination formulation containing profenofos 40% and cypermethrin 4%
EC was superior to individual insecticides. The treatments resulted in the lowest levels of PBW injury. Including reduced exit holes,
epicarp mines, larval populations and locule damage (1.7-7.3%), while also producing the highest seed cotton yield (11.6-12.04 g ha-1).
However, R.S et al., (2024) further emphasized that benefits of insecticide rotation as a resistance-management strategy. A spray
schedule consisting of profenofos 50EC, clorantraniliprole 18.5 SC, emamectin benzoate 5 SG, and bifenthrin 10 EC applied at 65, 80,
95, and 110 days after sowing (DAS), based on economic threshold levels, significantly reduced pink bollworm incidence and generated
the highest seed and generated the highest seed cotton yield (18.10 g ha-1), within a benefit-cost ratio of 1.55. likewise, of 1.55. likewise,
Kumar et al., (2025) evaluated 21 insecticides recommended by the central insecticide board (CIB) and identified emamectin benzoate
5SG, spinetoram 11.7 SC, indoxacarb 15 SC, and profenofos 50 EC as the most effective options, consistently producing more than 70%
larval mortality and significantly lowering boll and locule damage at harvest. Collectively, these findings demonstrate that collectively,
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these findings demonstrate that selective and rotational use of effective insecticides remains an essential component of integrated PBW
management programs particularly when combined with biological and cultural control tactics.

Conclusion

The evidence assembled in this review makes clear that pink bollworm cannot be managed through any single control tactic in isolation.
Its resilience stems from a combination of favorable temperature-driven population dynamics, its concealed feeding habit within bolls
that shields larvae from many interventions, and its demonstrated capacity to evolve resistance to Bt toxins. Regions such as the United
States have shown that sustained suppression, and even localized eradication, is achievable when transgenic cotton is deployed alongside
coordinated cultural practices, host-free periods, and sterile insect releases. In contrast, areas like Punjab, Pakistan continues to report
rising infestation trends, pointing to gaps in the adoption and integration of available tools at the farmer level. Cultural practices,
including early sowing, stalk destruction, deep ploughing and crop rotation, remain foundational and low-cost interventions, while
pheromone-based mating disruption and mass trapping have proven effective as environmentally safer complements to chemical control.
Biological control agents, particularly Trichogramma species and entomopathogenic fungi, further reduce dependence on synthetic
insecticides when timed and applied correctly and selective, rotated insecticide use continue to serve as an important tool where
infestation exceeds economic thresholds. Moving forward, sustainable pink bollworm management will depend on wider farmer
adoption of integrated pest management packages, continued monitoring of resistance mechanisms, region-specific climatic modeling
and coordinated area-wide implementation rather than isolated, farmer-level efforts. strengthening extension outreach and policy support
around these integrated strategies will be essential to safeguarding long-term cotton productivity.

References

Ali, M. A, Farooq, J., Batool, A., Zahoor, A., Azeem, F., Mahmood, A., & Jabran, K. (2019). Cotton Production in Pakistan. 249-276.
https://doi.org/10.1002/9781119385523.ch12

Rahman, M. H. U., Ahmad, 1., Ghaffar, A., Haider, G., Ahmad, A., Ahmad, B., Tariq, M., Nasim, W., Rasul, G., Fahad, S., Ahmad, S.,
& Hoogenboom, G. (2020). Climate Resilient Cotton Production System: A Case Study in Pakistan (pp. 447-484). Springer
Singapore. https://doi.org/10.1007/978-981-15-1472-2_22

Ashraf, S., Ch, K. M., Ashraf, L., & Akbar, N. (2024). A phenomenological inquiry into farmers’ experiences growing cotton in Punjab,
Pakistan. Scientific Reports, 14(1), 13846. https://doi.org/10.1038/s41598-024-62950-y

Nagaraju, M. T., Mohan, K. M., Keerthi, M. C., Prabhulinga, T., Thube, S., Shah, V., Elansary, H. O., Mousa, I. M., & EI-Sheikh, M.
A. (2024). Effect of temperature on the biological parameters of pink bollworm, Pectinophora gossypiella Saunders (Lepidoptera:
Gelechiidae). Scientific Reports, 14(1), 15047. https://doi.org/10.1038/s41598-024-65241-Henneberry, T. J., & Naranjo, S. E.
(1998). Integrated management approaches for pink bollworm in the southwestern United States. Integrated Pest Management
Reviews, 3(1), 31-52. https://doi.org/10.1023/a:1009673622862

Lu, H., & Li, J. (2024). Management Strategies Against Cotton Bollworms in Genetically Modified Crops. Molecular Entomology, 15.

Fabrick, J. A., Li, X., Carriére, Y., & Tabashnik, B. E. (2023). Molecular Genetic Basis of Lab- and Field-Selected Bt Resistance in
Pink Bollworm. Insects, 14(2), 201. https://doi.org/10.3390/insects14020201

Tabashnik, B. E., Morin, S., Unnithan, G. C., Yelich, A. J., Ellers-Kirk, C., Harpold, V. S., Sisterson, M. S., Ellsworth, P. C., Dennehy,
T. J., Antilla, L., Liesner, L., Whitlow, M., Staten, R. T., Fabrick, J. A., Li, X., & Carriére, Y. (2012). Sustained susceptibility of
pink bollworm to Bt cotton in the United States. GM Crops & Food, 3(3), 194-200. https://doi.org/10.4161/gmcr.20329

Tabashnik, B. E., Dennehy, T. J., & Carriére, Y. (2005). Delayed resistance to transgenic cotton in pink bollworm. Proceedings of the
National Academy of Sciences, 102(43), 15389-15393. https://doi.org/10.1073/pnas.0507857102

Carriére, Y., Dennehy, T. J., Pedersen, B., Haller, S., Ellers-Kirk, C., Antilla, L., Liu, Y.-B., Willott, E., & Tabashnik, B. E. (2001).
Large-scale management of insect resistance to transgenic cotton in Arizona: can transgenic insecticidal crops be sustained? Journal
of Economic Entomology, 94(2), 315-325. https://doi.org/10.1603/0022-0493-94.2.315

Khan, M. N., Zhuo, Z., Qayyum, M. A,, Ali, H., Xu, D., Niaz, Y., Naeem-Ullah, U., Ahmed, N., Khan, M. 1., Akhtar, S., Nawaz, A,
Wakil, W., & Yasin, M. (2024). Insecticidal efficacy of green synthesized silver nanoparticles, Bacillus thuringiensis and
Triazophos  against ~ Pectinophora  gossypiella. Emirates  Journal ~of Food and  Agriculture, 36, 1-7.
https://doi.org/10.3897/ejfa.2024.120966

Gutierrez, A. P., Butler, G. D., Wang, Y., & Westphal, D. (1977). THE INTERACTION OF PINK BOLLWORM (LEPIDOPTERA:
GELICHIIDAE), COTTON, AND WEATHER: A DETAILED MODEL. The Canadian Entomologist, 109(11), 1457-1468.
https://doi.org/10.4039/ent1091457-11

84


https://doi.org/10.1002/9781119385523.ch12
https://doi.org/10.1007/978-981-15-1472-2_22
https://doi.org/10.1038/s41598-024-65241-
https://doi.org/10.1023/a:1009673622862
https://doi.org/10.3390/insects14020201
https://doi.org/10.1073/pnas.0507857102
https://doi.org/10.1603/0022-0493-94.2.315
https://doi.org/10.3897/ejfa.2024.120966
https://doi.org/10.4039/ent1091457-11

The Kashmir Journal of Academic Research and Development | 2(6), 77-89, 2026

Naik, V. C. B., Pusadkar, P. P., Waghmare, S. T., KP, R., Kranthi, S., Kumbhare, S., Nagrare, V. S., Kumar, R., Prabhulinga, T., Gokte-
Narkhedkar, N., & Waghmare, V. N. (2020). Evidence for population expansion of Cotton pink bollworm Pectinophora gossypiella
(Saunders) (Lepidoptera: Gelechiidae) in India. Scientific Reports, 10(1), 4740. https://doi.org/10.1038/s41598-020-61389-1

Arif, M., Nawaz, A., Sufyan, M., Gogi, M., UlAbdin, Z., Tayyib, M., Ali, A., Majeed, W., Ali, M., & Hedfi, A. (2024). Impacts of
abiotic factors and pesticide on the development, phenology, and reproductive biology of pink bollworm, Pectinophora gossypiella
(Saunders) (Lepidoptera: Gelechiidae). PeerJ, 12. https://doi.org/10.7717/peerj.18399.

Rao, G. (2022). Indian scenario on the occurrence of a dreaded insect pest Pink bollworm, Pectinophora gossypiella on Bt cotton-A
review. Journal of Environmental Biology. https://doi.org/10.22438/jeb/43/1/mrn-1850.

Zinzuvadiya, Hasmukh & Desai, H. & Lakum, M & Katagi, Rajkumar. (2017). Biology of Pink Bollworm, Pectinophora gossypiella
Saunders (Lepidoptera: Gelechiidae) on Artificial Diet Under Controlled Condition. 10.

Bhute, N. K., Patil, C. S., Deshmukh, K. V., Wagh, R. S., & Medhe, N. K. (2023). Pink bollworm Pectinophora gossypiella (Saunders),
a destructive pest of cotton: a review. The Pharma Innovation Journal, 12(3), 2036-2042.

Shrinivas, A., Hanchinal, S., Hurali, S., & Beldhadi, R. (2019). Comparative biology of pink bollworm, Pectinophora gossypiella
(Saunders)(Lepidoptera: Gelechiidae) on different hosts. Journal of Entomology and Zoology Studies, 7(1), 1053-1060.

Simmons, G. S., Mckemey, A. R., Morrison, N. L., O’Connell, S., Tabashnik, B. E., Claus, J., Fu, G., Tang, G., Sledge, M., Walker, A.
S., Phillips, C. E., Miller, E. D., Rose, R. I, Staten, R. T., Donnelly, C. A., & Alphey, L. (2011). Field Performance of a Genetically
Engineered Strain of Pink Bollworm. PLoS ONE, 6(9), e24110. https://doi.org/10.1371/journal.pone.0024110

Fand, B. B., Nagrare, V. S., Deshmukh, V., Naikwadi, B. V., Gokte-Narkhedkar, N., & Waghmare, V. N. (2019). A simple and low-
cost laboratory rearing technique for pink bollworm, Pectinophora gossypiella (Suanders) (Lepidoptera: Gelechidae) using
detached green bolls of cotton. Phytoparasitica, 48(1), 25-33. https://doi.org/10.1007/s12600-019-00779-2

Hussain, S., Ghramh, H., Shahid, M., Sneharani, A., Shah, S., Ullah, M., Bugti, A., Baloch, Z., Bibi, A., Kanwal, S., Farooq, M., &
Mahmood, K. (2022). Temperature-based prediction and validation of Pink Bollworm, Pectinophora gossypiella infestation on
cotton crop. Journal of King Saud University - Science. https://doi.org/10.1016/j.jksus.2022.102494.

S, R., Hanchinal, S., M, B., K., H., M., N., & Tenguri, P. (2023). Influence of meteorological factors on trap catches and incidence of
pink  bollworm, Pectinophora  gossypiella ~ (Saunders)  on Bt  cotton. Journal of  Agrometeorology.
https://doi.org/10.54386/jam.v25i4.2300.

Abbas, M., Abbas, S., Ramzan, M., Hussain, N., & Khalig, M. (2022). INTERACTION OF PINK BOLLWORM (LEPIDOPTERA:
GELECHIIDAE) POPULATION LEVELS IN PHEROMONE TRAPS AND WEATHER FACTORS. Pakistan Journal of
Agriculture, Agricultural Engineering and Veterinary Sciences. https://doi.org/10.47432/2022.38.1.5.

Vora, K., Ghelani, Y., Kachhadiya, N., Patoliya, B., & Ghelani, M. (2024). Influence of abiotic factor on incidence of Pink bollworm,
Pectinophora gossypiella (SAUNDERS) on Bt cotton. International Journal of Advanced Biochemistry Research.
https://doi.org/10.33545/26174693.2024.v8.i125d.552.

Peloquin, J. J., Thibault, S. T., Staten, R., & Miller, T. A. (2000). Germ-line transformation of pink bollworm (Lepidoptera: gelechiidae)
mediated by the piggyBac transposable element. Insect Molecular Biology, 9(3), 323-333. https://doi.org/10.1046/].1365-
2583.2000.00194.x

Fabrick, J. A., Unnithan, G. C., Yelich, A. J., Degain, B., Masson, L., Zhang, J., Carriére, Y., & Tabashnik, B. E. (2015). Multi-Toxin
Resistance Enables Pink Bollworm Survival on Pyramided Bt Cotton. Scientific  Reports, 5(1), 16554.
https://doi.org/10.1038/srep16554

Carriere, Y., Ellers-Kirk, C., Biggs, R., Degain, B., Holley, D., Yafuso, C., Evans, P., Dennehy, T. J., & Tabashnik, B. E. (2005). Effects
of Cotton Cultivar on Fitness Costs Associated with Resistance of Pink Bollworm (Lepidoptera: Gelechiidae) to Bt Cotton. Journal
of Economic Entomology, 98(3), 947-954. https://doi.org/10.1603/0022-0493-98.3.947

Tabashnik, B. E., Liesner, L. R., Ellsworth, P. C., Unnithan, G. C., Fabrick, J. A., Naranjo, S. E., Li, X., Dennehy, T. J., Antilla, L.,
Staten, R. T., & Carriére, Y. (2020). Transgenic cotton and sterile insect releases synergize eradication of pink bollworm a century
after it invaded the United States. Proceedings of the National Academy of  Sciences, 118(1).
https://doi.org/10.1073/pnas.2019115118

85


https://doi.org/10.1038/s41598-020-61389-1
https://doi.org/10.7717/peerj.18399
https://doi.org/10.22438/jeb/43/1/mrn-1850
https://doi.org/10.1007/s12600-019-00779-2
https://doi.org/10.1016/j.jksus.2022.102494
https://doi.org/10.54386/jam.v25i4.2300
https://doi.org/10.47432/2022.38.1.5
https://doi.org/10.33545/26174693.2024.v8.i2sd.552
https://doi.org/10.1046/j.1365-2583.2000.00194.x
https://doi.org/10.1046/j.1365-2583.2000.00194.x
https://doi.org/10.1038/srep16554
https://doi.org/10.1603/0022-0493-98.3.947
https://doi.org/10.1073/pnas.2019115118

The Kashmir Journal of Academic Research and Development | 2(6), 77-89, 2026

Akhtar, S., Arif, M., Gogi, M., & Haq, I. (2026). Population Trends of Pectinophora gossypiella (Lepidoptera: Gelechiidae) in Various
Districts of Punjab Pakistan. Jammu Kashmir Journal of Agriculture. https://doi.org/10.56810/jkjagri.006.01.0331.

Hussain, S., Mehmood, K., Khaliq, M., Anwar, H., Zaka, S., Rehman, A., Shahid, M., Nagvi, S., Umar, U., & Zulfigar, M. (2021).
Population Dynamics and Forecasting of Cotton Pink Boll Worm (Pectinophora Gossypiella, (Saundars) Lepidoptera: Gelechiidae)
in Punjab, Pakistan. Pakistan Journal of Agricultural Research. https://doi.org/10.17582/journal.pjar/2021/34.4.732.741.

Rakhesh, S., Kumar, M. A, Naik, L. K., & Santhosha, K. M. (2023). A brief review on integrated pest management of pink bollworm,
Pectinophora gossypiella (Saunders) in cotton.

Khakwani, K., Cengiz, R., Naseer, S., Asif, M., & Sarwar, G. (2022). COTTON PINK BOLLWORM (PECTINOPHORA
GOSSYPIELLA) MANAGMENT WITH THE GOAL OF ERADICATION FROM THE COTTON PRODUCING COUNTRIES
OF THE WORLD. Applied Ecology & Environmental Research, 20(2).

Tabashnik, B. E., & Carriere, Y. (2019). Global patterns of resistance to Bt crops highlighting pink bollworm in the United States, China,
and India. Journal of economic entomology, 112(6), 2513-2523.

Henneberry, T. J. (2007). Integrated systems for control of the pink bollworm Pectinophora gossypiella in cotton. In Area-wide control
of insect pests: from research to field implementation (pp. 567-579). Dordrecht: Springer Netherlands.

Hanif, Mahreen & Saeed, Shafgat & Ishtiag, Muhammad & Khan, Zulgurnain. (2025). Eco-friendly Management of Pectinophora
gossypiella resistance to transgenic Bt Cotton: A Review. Journal of Agriculture and Biology. 3. 10.55627/agribiol.003.01.1043.

Pradhan, K., Bheemanna, M., Hosamani, A., & Hanchinal, S. G. (2020). Effect of abiotic factors in termination of diapause of pink
bollworm, Pectinophora gossypiella (Saunders)(Lepidoptera: Gelechiidae). International Journal of Current Microbiology and
Applied Sciences, 9(1), 1485-1489.

Fand, B. B., Nagrare, V. S., Gawande, S. P., Nagrale, D. T., Naikwadi, B. V., Deshmukh, V., ... & Waghmare, V. N. (2019). Widespread
infestation of pink bollworm, Pectinophora gossypiella (Saunders)(Lepidoptera: Gelechidae) on Bt cotton in Central India: a new
threat and concerns for cotton production. Phytoparasitica, 47(3), 313-325.

Attia, Z. A., Ebada, L., & Abdelmaksoud, N. M. (2021). Relationship between cotton planting date and two bollworms associated with
their natural enemies. Bulletin of the National Research Centre, 45(1), 24.

Sarangi, S., Dash, S. S., Bhavana, P., Panda, A., Sahoo, L., & Mohapatra, D. (2024). Pink bollworm threat: its management in the Indian
cotton industry.

Ahmad, F., Jamil, M. T., Akhtar Khan, A., Mehmood-Khan, Z., Qiu, B., Ma, J., & Chandio, F. A. (2020). Field performance evaluation
and finite element simulation of cotton stalk puller-shredder: A sustainable mechanical solution to control pink bollworm
(Pectinophora gossypiella). Sustainability, 12(8), 3407.

Francischini, A. C., Constantin, J., Matte, W. D., Oliveira Jr, R. S., Rios, F. A., & Machado, F. G. (2019). Association of mechanical
and chemical methods for cotton stalk destruction. Planta Daninha, 37, €019207486.

Katole, A. S., Kale, N. M., & Tekale, V. S. (2022). Adoption status of pink bollworm management practices by the cotton growers in
Vidarbha. Pharma Innovation, 11(4), 1881-1887.

Baraiya, K & Gadhiya, V. C. & Baraiya, Anjana & Lakhani, Sanjaykumar. (2022). KNOWLEDGE OF FARMERS, CONSTRAINTS
FACED AND SUGGESTIONS OFFERED ON INTEGRATED MANAGEMENT OF PINK BOLLWORM IN COTTON: A
CASE OF SAURASHTRA REGION, GUJARAT. Gujarat Journal of Extension Education. 2022. 91-99.
10.56572/gjoee.2022.5i.0018.

Rakhesh, S., Udikeri, S. S., Mahamed Ashiq, I., & Akarsh, S. V. (2024). The story of the Pink bollworm, pectinophora Gossypiella
(Saunders) on cotton. Ann. Res. Rev. Biol, 39, 199-206.

Birah, A., Kumar, A., Khokhar, M. K., Singh, S. P., Mitkari, A. G., Varshney, R., ... & Chander, S. (2023). Management strategy for
pink bollworm (Pectinophora gossypiella) in cotton (Gossypium hirsutum) in farmers-participatory mode. The Indian Journal of
Agricultural Sciences, 93(4), 438-442.

Bariola, L. A., Henneberry, T. J., & Kittock, D. L. (1981). Chemical termination and irrigation cut-off to reduce overwintering
populations of pink bollworms. Journal of Economic Entomology, 74(1), 106-109.

86


https://doi.org/10.56810/jkjagri.006.01.0331
https://doi.org/10.17582/journal.pjar/2021/34.4.732.741

The Kashmir Journal of Academic Research and Development | 2(6), 77-89, 2026

Ali, M., Dad, A., Magbool, F., Sohail, A., Safi, M. S., Jahanzaib, M., ... & Ikram, H. (2025). Biological Control Strategies for the Pink
Bollworm (Pectinophora gossypiella) in Cotton (Gossypium spp.). Indus Journal of Bioscience Research, 3(8), 395-405.

Shreevani, G. N., Srihari, H., Hemalatha, K. J., Bhat, S. N., Veena, T., & Umesh Babu, B. S. (2024). Management Strategy for Pink
Bollworm (Pectinophora gossypiella) in Bt Cotton by Community Basis. Journal of Scientific Research and Reports, 30(10), 142-
147.

El-Bassouiny, H. M. (2021). Environmental friendly technique to control cotton pink bollworm Pectinophora gossypiella in
Egypt. International Journal of Tropical Insect Science, 41(2), 1683-1687.

Babar, M. H., Riaz, M., Akram, M., & Farooq, M. (2022). Bio-efficacy of PB-Rope (L) as mating disruptant against pink bollworm,
Pectinophora gossypiella (Saunders) in cotton. Plant Cell Biotechnology and Molecular Biology, 23(11-12), 89-97.

Beasley, C., Henneberry, T. J., & Miller, E. (1984). Combining gossyplure and insecticides in pink bollworm control. California
Agriculture, 38(9), 20-22.

Gaston, L. K., Kaae, R. S., Shorey, H. H., & Sellers, D. (1977). Controlling the pink bollworm by disrupting sex pheromone
communication between adult moths. Science, 196(4294), 904—905.

Hussain, S. ., Arif, M. J., & Gogi, M. D. (2021). Efficacy of PB Ropes (synthetic sex pheromone) against pink bollworm, Pectinophora
gossypiella (Saunders) (Lepidoptera: Gelechiidae), destructive cotton pest, in different ecological zones of Punjab, Pakistan.
Pakistan Journal of Agricultural Research, 34(2), 310-317.

Katranas, G. C., Milonas, P. G., & Damos, P. T. (2024). Effect of trap type and height on the captures of the pink bollworm, Pectinophora
gossypiella (Saunders) (Lepidoptera: Gelechiidae), in pheromone-baited traps in cotton. Agronomy, 14(3), 512.

Khoso, G. H., Memon, S. A., & Bhutto, L. A. (2025). Comparative study of cotton varieties against pink bollworm infestation monitored
by pheromone traps. International Journal of Sustainable Applied Sciences, 3(1), 45-53.

Lakshmi, M., Rao, N. H., & Prasad, Y. G. (2023). Mass trapping — A promising technique for integrated management of pink bollworm,
Pectinophora gossypiella Saunders (Lepidoptera: Gelechiidae) in cotton. International Journal of Environment and Climate Change,
13(8), 1201-1210.

Lykouressis, D., Perdikis, D., & Garantonakis, N. (2004). Mating disruption of the pink bollworm Pectinophora gossypiella (Saund.)
(Lepidoptera: Gelechiidae) using gossyplure PB-rope dispensers in cotton fields. Journal of Pest Science, 77(3), 153-157.

Lykouressis, D., Perdikis, D., Garantonakis, N., & latrou, S. (2005). Management of the pink bollworm Pectinophora gossypiella
(Saunders) (Lepidoptera: Gelechiidae) by mating disruption in cotton fields. Crop Protection, 24(2), 101-108.

Mahalakshmi, M., Srinivasan, G., & Kannan, M. (2020). Field testing of SPLAT: A novel pheromone-based mating disruption technique
against pink bollworm, Pectinophora gossypiella Saunders in Bt cotton. Journal of Experimental Zoology India, 23(2), 1289-1294.

Meena, R., Sharma, R. K., & Jat, B. L. (2021). Management of pink bollworm Pectinophora gossypiella (Saunders) using mating
disruption pheromone (PB Rope L) in cotton. Acta Scientific Agriculture, 5(9), 44-50.

Narayanamma, V. L., Rao, G. V. R., & Lakshmipathi, V. (2023). Demonstration and adoption of integrated pest management strategies
for the management of pink bollworm Pectinophora gossypiella (Saunders) in cotton. International Journal of Bio-resource and
Stress Management, 14(2), 212-221.

Rajashekhar, M., Rao, N. H., & Kumar, A. (2022). Evaluation of integrated pest management module for pink bollworm, Pectinophora
gossypiella (Saunders) and its economic analysis under farmer's field conditions. International Journal of Pest Management, 69(3),
245-258.

Rao, S., Reddy, B. N., & Prasad, K. V. (2024). A front-line demonstration on integrated pest management in cotton with special reference
to pink boll worm, Pectinophora gossypiella (Saunders) and its economic analysis under farmer's field conditions. International
Journal of Advanced Biochemistry Research, 8(1), 102—-109.

Tamhankar, A. J., Rajendran, T. P., & Choudhary, M. (2001). Evaluation of a pheromone trap for the cotton pink bollworm Pectinophora
gossypiella Saunders. International Journal of Pest Management, 47(3), 161-165.

Lodhi, N., Siddiqui, Q. H., & Shah, S. M. (2025). Inundative release of Trichogramma chilonis for the biological control of pink
bollworm (Pectinophora gossypiella) in cotton. Plant Protection, 9(1), 34-40.

87



The Kashmir Journal of Academic Research and Development | 2(6), 77-89, 2026

Kumara, G., Bheemanna, M., & Kandakoor, S. B. (2022). Performance and field efficacy of indigenous egg parasitoid
Trichogrammatoidea bactrae (Hymenoptera: Trichogrammatidae) against the cotton pink bollworm Pectinophora gossypiella
(Saunders) (Lepidoptera: Gelechiidae) in transgenic Bt cotton. Biological Control, 166, 104820.

Mahalakshmi, M., Srinivasan, G., & Prasad, Y. G. (2020). Field potential of Trichogrammatoidea bactrae Nagaraja as an egg parasitoid
against pink bollworm, Pectinophora gossypiella (Saunders) in cotton. Journal of Biological Control, 34(2), 95-100.

Padma Shree, I., Jayalakshmi, K., & Venkata Rao, N. (2023). Biological control of pink boll worm Pectinophora gossypiella (Saunders)
by Trichogrammatoidea bactrae Nagaraja in cotton. Indian Journal of Entomology, 85(3), 712-716.

Abd ElHafez, A. M., Kamel, A. A., & lbrahim, A. M. (2004). Effectiveness of Trichogramma evanescens Westwood on controlling
pink bollworm, Pectinophora gossypiella (Saund.) in cotton. Egyptian Journal of Biological Pest Control, 14(1), 1-6.

Darwish, A., Saleh, M., & Abd EI-Aziz, N. (2017). Efficiency of different control methods against the cotton pink bollworm
Pectinophora gossypiella (Saund.) in cotton fields in Egypt. Egyptian Journal of Agricultural Research, 95(2), 551-562.

Farooq, M., Shakeel, M., & Arif, M. J. (2020). Compatibility of entomopathogenic fungi and Azadirachta indica extract against the
cotton pink bollworm, Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae) under controlled conditions. Egyptian
Journal of Biological Pest Control, 30, 82.

Kumar, A., Singh, R., & Patel, M. (2022). Efficacy of Trichogramma chilonis and Campoletis chlorideae in cotton pink bollworm
management. Journal of Applied Entomology, 45(3), 234-248.

Sharma, P., & Verma, S. (2021). Parasitoid wasps as biological control agents: A comprehensive review. Pest Management Science,
77(8), 3456-3469.

Chen, L., Wang, X., & Liu, Y. (2023). Integration of Telenomus remus and fungal biocontrol in IPM programs. Crop Protection, 165,
106190.

Martinez, J., Torres, R., & Lopez, G. (2022). Bracon hebetor and Beauveria bassiana combinations for enhanced pest suppression.
Biological Control, 168, 104881.

Desai, N., Patel, K., & Nair, R. (2021). Field evaluation of Trichogramma chilonis in cotton agroecosystems. International Journal of
Pest Management, 67(2), 145-158.

Anderson, K., Thompson, B., & Williams, D. (2023). Predatory insects and egg parasitoids in integrated cotton pest management.
Entomology Research, 53(4), 234-247.

Gupta, V., Singh, A, & Kumar, R. (2022). Comparative efficacy of Bacillus thuringiensis and parasitoids against Pectinophora
gossypiella. Phytoparasitica, 50(1), 89-102.

Oliveira, M., Silva, C., & Santos, L. (2021). Metarhizium anisopliae as a biocontrol agent: Application methods and field performance.
Journal of Invertebrate Pathology, 184, 107648.

White, E., Green, J., & Brown, R. (2023). Entomopathogenic fungi in sustainable cotton production: Challenges and opportunities. Pest
Management Science, 79(5), 2134-2148.

Hassan, M., Khan, S., & Ahmed, T. (2022). Efficacy evaluation of Beauveria bassiana strains against lepidopteran cotton pests.
Biological Control, 167, 104823.

Robinson, S., Hayes, P., & Clark, M. (2021). Guild structure of natural enemies in agroecosystems: Role of predatory insects. Ecological
Entomology, 46(3), 412-425.

Ferreira, A., Costa, J., & Pereira, L. (2023). Bacillus thuringiensis efficacy and resistance management in cotton pest control.
Phytopathology, 113(6), 1876-1889.

Rind, S. H., Jatoi, F. A., & Nizamani, M. M. (2025). Performance of different botanical pesticides against pink boll worm on cotton
crop review. Planta Animalia, 3(1), 45-56.

Da Fabrice, T., Srivastava, A., & Akponon, A. (2020). Toward the efficient use of Beauveria bassiana in integrated cotton insect pest
management. Journal of Cotton Research, 3, 18.

88



The Kashmir Journal of Academic Research and Development | 2(6), 77-89, 2026

Shree, P., Jayalakshmi, K., & Narayanamma, V. L. (2024). Investigation on the effectiveness of botanicals and new generation

insecticides in the management of the pink bollworm, Pectinophora gossypiella (Saunders) (Lepidoptera: Gelechiidae), in the cotton
ecosystem. Madras Agricultural Journal, 111(4), 1-7.

Hnialum, M., Laldinpuii, K., & Singh, T. K. (2023). Efficacy of insecticides against cotton pink bollworm Pectinophora gossypiella
(Saunders). Indian Journal of Entomology, 85(2), 489-493.

Naik, V., Patil, B. V., & Patil, S. B. (2023). Efficacy of novel insecticides and their combinations against pink bollworm, Pectinophora
gossypiella (Saunders) (Lepidoptera: Gelechiidae) in cotton. International Journal of Tropical Insect Science, 43, 1101-1110.

Kumar, V., Sharma, A., & Rohilla, H. R. (2025). Efficacy of insecticides against pink bollworm Pectinophora gossypiella (Saunders) in
Bt cotton. Indian Journal of Entomology, 87(1), 102-1009.

2026 by the authors; Journal of The Kashmir Journal of Academic Research and Development. This is an open access article distributed under
the terms and conditions of the Creative Commons Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

89



	Introduction

