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Abstract 

In cotton production, there are many factors that can reduce crop yield. One important cause is insect pests. Insects 

that cause loss to the fruit are frequently more destructive than those that damage leaves, stems and roots. Cotton is 

subjected to yield and quality losses by arthropod insects; losses extend to oil contents in the seeds. The cotton leaf 

worm (CLW), Spodoptera littoralis, the pink bollworm (cotton bollworm) (PBW), Pectinophora gossypiella and 

spiny bollworm (SBW), Earias insulana cause the greatest number of yield losses from nearly one million hectares 

cultivated annually. This study describes an improvement in pests control practices directed against feeding insects 

(i.e., CLW, PBW and SBW) by integration of monitoring, biological control, cultural, and bio-insecticides that can 

serve as a basis for the formulation of a biologically-based new approach of integrated management of key cotton 

pests. 
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Introduction 

Cotton, world’s most important fiber crop and is well cultivated crop more than 30 million hectares of land in 

some 80 countries (Zafar et al., 2020a). Although cotton is grown for fiber and seeds also valued for their oil and 

use in human livestock feeds. The United State, China, India, Pakistan, Mexico, turkey, Egypt and Sudan 

presently are the largest cotton producing nations (Razzaq et al., 2021a; Manan et al., 2022). It is important to the 

economy of these countries and contributes significantly to a productive and balanced world agriculture. Cotton is 

decrease due to pest’s attack & biotic and abiotic stresses (Zafar et al., 2022a; Zafar et al., 2022b). In this article, 

we are described of some pests and their management. Four species of cotton are cultivated throughout the world, 

but upland cotton Gossypium hirsutum L. predominates, and is cultivated on 95% of the total area under production 

about 111 countries in the world and hence called "King of fibers" or "White gold "(Razzaq et al., 2021c; Zafar et 

al., 2021a; Zafar et al., 2021b; Zafar et al., 2021c).Spodoptera littoralis Boisduval, the cotton leaf worm, the pink 

bollworm (cotton bollworm) (PBW), Pectinophora gossypiella and spiny bollworm (SBW), Earias insulana are 

most destructive pests in cotton production and has caused significant yield losses. Four cultivated species of 

cotton G. herbaceum (cultivated), G. arboreum (cultivated), G. hirsutum and G. barbadense. The cotton crop is 

attacked by many pests, but pink bollworm is the worst enemy which not only causes loss to crop but also affects 

the lint quality (Razzaq et al., 2021b). The economic loss it inflicts is heavier than the impact of any other worm. 

(Shahina F, 2014) The crop is attacked by 1326 species of insect pests throughout the world, of which about 130 

different species of insects and mites are found to devour cotton at different stages of crop growth. Cotton is a 

pest-loving plant and is attacked from sowing to picking stage of its growth and of 30 most important pests of 

cotton which are injurious to growth, development, and production of crop include the caterpillars of pink, 

spotted, and American bollworms, aphids, whitefly, jassids, Xi'an Shiyou Daxue Xuebao. The bollworm complex 

is a primary insect pest problem with larvae attacking squares and bolls causing significant yield losses if left 

uncontrolled (Zafar et el., 2020b). The pink bollworm, found in over 100 nations (CABI 2016), has been a key 

pest of cotton in the world’s three leading cotton producing countries: the United States, China, and India. In the 

2017/2018 season, these three countries produced 17, 22, and 23% of the world’s cotton, respectively (USDA 
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FAS 2019).  

Pink bollworm was first recorded in 1842 from India and had invaded the United States and China by 1917. 

Although its origin is not known, candidates include India, Pakistan, Australia, and Southeast Asia. Across the 

geographic range of this cosmopolitan pest, its caterpillars feed on cotton and some other host plants including 

okra that are almost all in the family Malvaceae (CABI 2016). For most populations of pink bollworm, ‘natural 

refuges’ of non-Bt host plants other than cotton are limited or absent (Razzaq et al., 2021c). 

Spiny bollworm (SBW), Earias insulana (Boisduval) (Nolidae: Lepidoptera) has been recorded as one of the most 

destructive insect pests, responsible for great economic losses of cotton yield in Egypt (Nada et al. 2010). 

Meanwhile, insecticides are considered the main protocol used for controlling the cotton pests due to their high 

efficacy (Wang et al. 2012). On the other hand, using of insecticides in cotton field has caused many problems 

such as environmental pollution, insecticides-resistance, and harmful effects to natural enemies (Yongqiang et 

al. 2016). 

Many strategies use for management of these pests, is one most of entomopathogenic nematodes Steinernema and 

Heterorhabditis are mostly used as biopesticides in pest management worldwide (Chitra et al., 2017; Gilblin-Davis 

et al., 2015). other is Crops genetically engineered to produce insecticidal proteins from the bacterium Bacillus 

thuringiensis (Bt) kill some voracious insect pests, but are not toxic to most nontarget organisms including natural 

enemies (Mendelsohn et al. 2003, Romeis et al. 2019). The hectares (ha) planted globally to Bt corn, cotton, and 

soybean grew from 1.1 million in 1996 to 101 million in 2017 (ISAAA 2017). Bt proteins produced by transgenic 

crops now include various crystalline (Cry) proteins and a vegetative insecticidal protein. Cry proteins are 

produced by the bacteria during sporulation and accumulate within cells, whereas Vips are produced during the 

vegetative phase and secreted (Chakroun et al. 2016). Although Cry proteins and Vip3Aa share a similar mode of 

action, they have no structural homology, they bind to different sites in the insect midgut, and cross-resistance 

between them is not strong (Carrière et al. 2015, Chakroun et al. 2016, Tabashnik and Carrière 2017). Bt crops can 

suppress pests, decrease treatments with conventional insecticides, conserve natural enemies, and thereby boost 

yields and grower profits (Romeis et al. 2019). However, despite the widespread adoption of Bt crop pyramids 

producing two or more distinct Bt proteins toxic to each targeted pest (Carrière et al. 2016), evolution of 

resistance by pests has diminished the benefits of Bt crops (Tabashnik and Carrière 2017). 

 

Spodoptera littoralis Boisduval (Cotton leaf worm) 

Spodoptera littoralis, also referred to as the African cotton leafworm or Egyptian cotton leafworm or 

Mediterranean brocade, is a species of moth in the family Noctuidae. S. littoralis is found widely in Africa, 

Mediterranean Europe and Middle Eastern countries. 

 

Pectinophora gossypiella (Pink boll worm) 

The pink bollworm is an insect known for being a pest in cotton farming. The adult is a small, thin, gray moth with 

fringed wings. The larva is a dull white caterpillar with eight pairs of legs with conspicuous pink banding along its 

dorsum. The larva reaches one half inch in length. First generation larvae may feed on cotton flower buds and 

flowers, whereas larvae from subsequent generations primarily bore inside bolls where they feed on seeds and can 

destroy the entire content of the bolls s ( Naranjo et al., 1998). 
 

Earias insulana (Spiny boll worm) 

Earias insulana, the Egyptian stemborer, Egyptian bollworm, spiny bollworm or cotton spotted bollworm, is a moth 

of the family Nolidae. The species was first described by Jean Baptiste Boisduval (Mansour 2004). The SBW is one 

of the main cotton pests. Its larvae usually attack cotton flower buds, flowers, and bolls causing damage to seeds and 

fiber, especially at the late growing stage of the cotton plants leading to a decrease in the quality and quantity of the 

lint and the obtained oil yield (Salem 2008). 

 

Management Strategies 

 

Biological control 
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EPNs (Entomopathogenic Nematodes)  

Biological agents such as parasitoids, predators, and entomopathogens (bacteria, fungi, nematodes, and viruses) 

have been used to control several pests (Atia et al. 2016). EPNs have high adaptability to different conditions, a 

wide variety of insect hosts. EPNs belong mainly to the 2 families: Heterorhabditidae and Steinernematidae, 

which are the most economically used against several pests (Koppenhöfer 2007). Around 100 valid species of 

Steinernema and 21 species of Heterorhabditis have been described from different countries of the World (Bhat et 

al. 2020). Many factors efficacious the distribution of EPNs to several regions. Fungi invade insects through 

penetrating the body cuticle by a combination of mechanical force and enzymatic degradation depending on the 

structure and composition of the insect cuticle (Reda et al. 2013). Microbial degradation of insect lipid, protein, 

and chitin as well as production of lipase, protease, and chitinase has captured the worldwide attention for insect 

control (Barra et al. 2015).  several microorganisms as biological control agents on economic pest showing cuticle 

degradation against the pink bollworm, Pectinophora gossypiella (Saund.), causing a high larval mortality and 

affected pupation and hatchability. Duarte et al. (2016) investigated the effect of Beauveria 

bassiana and Metarhizium rileyi on all biological aspects of diamondback moth (Plutella xylostella L.). Ibrahim et 

al. (2016) showed that B. bassiana and Paecilomyces lilacinus were virulent against the greater wax moth Galleria 

mellonella L. causing 98.0 and 87.5% larval mortality with a lethal time (LT50) of 1.7 and 2.2 days, respectively. 

Latent effects were markedly obvious on pupation and rates of adult emergence. Also, El-Massry et al. (2016) 

reported the efficacy of Trichoderma harzianum on the cotton bollworms E. insulana and P. gossypiella. 

Proteases from a variety of sources (viruses, bacteria, fungi, plants, and insects) have toxicity towards insects. 

Other proteases play roles in insect development or digestion, but exert an insecticidal effect when over-expressed    

from genetically engineered plants or microbial pathogens.  

 

Bt cotton (Bacillus thuringiensis) 

Strategies for delaying the evolution of pest resistance work best proactively when alleles conferring resistance are 

rare or absent in pest populations (Tabashnik et al. 2008). In India, high levels of pink bollworm and leaf bollworm 

resistance to both Cry1Ac and Cry2Ab are common (Naik et al. 2018). Thus, it is too late to effectively manage 

resistance to the currently available Bt cotton that makes these two toxins. In China, where pink and leaf bollworm 

susceptibility to Cry1Ac was restored after initial detection of resistance, the median percentage of resistant 

individuals was less than 2% before the non-Bt cotton refuge area increased to about 25% of all cotton planted (Wan 

et al. 2017). By contrast, with the exception of some populations in northern India still susceptible to Cry2Ab, 

populations of pink bollworm in India were highly resistant to both Cry1Ac and Cry2Ab in 2017, as reflected by 

many resistance ratios greater than 100 and high infestation rates of dual-toxin Bt cotton (Naik et al. 2018). 

Recognizing the problems with resistance and the lack of farmer compliance with planting separate blocks of non-Bt 

cotton as structured refuges, the Ministry of Agriculture, Cooperation and Farmers Welfare, Government of India 

has directed a shift by December 2019 to seed mixtures of Bt and non-Bt cotton, also known as ‘refugein-a-bag’ 

(RIB; Mohan 2018). The required percentage of non-Bt cotton seeds is 5–10% of the total (Mohan 2018). This shift 

to RIB addresses the issue of noncompliance with planting separate refuges, but it is too little and too late to 

substantially remedy the high levels of bollworms resistance to both Cry1Ac and Cry2Ab in nearly all cotton-

growing areas of India. 

such as Bt crops, is the best way to achieve sustainable pest suppression (Hurley and Sun 2019). This principle 

certainly applies to managing the pink bollworm in India. Based on experience in the United States and elsewhere 

(Carrière et al. 2017), IPM tactics recommended for pink bollworm/cotton leaf worm in India include planting of 

early to medium maturing cotton hybrids, termination of the crop by December, strict avoidance of ratoon cotton 

after harvest, removal or destruction of crop residues after harvest, deep summer plowings, judicious use of 

insecticides based on scouting and thresholds, crop rotation, biological control with natural enemies, and 

pheromones for mass trapping and mating disruption. As explained by (Kranthi 2015, Mohan 2017) the widespread 

loss of the efficacy of Bt cotton against pink bollworm in India means that a return to IPM emphasizing other control 

tactics is now essential. 
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Cultural Control 

Intercropping 

In cotton–wheat intercropping, wheat can provide a habitat and food source for overwintering natural enemies. This is 

beneficial for their reproduction and population growth (Xia et al. 1995) and increases the numbers and species 

(especially ladybeetles) of natural enemies (Siddiqui et al. 2018). Alfalfa can attract predators of cotton aphids and 

provide habitats necessary for the reproduction of natural enemies. It can increase the number of the species and 

populations of natural enemies and promote early season migration and colonization of cotton fields (Bastola et al. 

2016). The niche breadth and niche overlap between the major natural enemies (such as spiders and Adonia variegata) 

and pests were greater than those in monoculture cotton fields (Bastola et al. 2016). This resulted in fewer cotton 

aphids and less damage to the cotton in the alfalfa intercropping system. In the cotton–rape intercropping system, 

rapeseed grows fast, with lush foliage, and aphids appear early. The rapeseed can attract and increase the populations 

of ladybeetles, aphid parasitoids and other natural enemies, and provide food and nutrient supplementation for natural 

enemies. This allows them to be dispersed in the cotton fields at the early stage of cotton growth and to reduce aphid 

damage to the seedlings. In practice, cotton–rapeseed intercropping increased natural enemy populations by 15-fold, 

effectively controlling the aphids on cotton seedlings, and reducing the number of cotton aphids in summer (Xue 

2015). In cotton–mungbean intercropping, mungbeans grow faster than cotton, and have a larger plant size than cotton 

in the early season, which greatly changes the microclimate relative to a monoculture of cotton. The intercropped 

mungbeans and the changes microenvironment promote the survival and reproduction of natural enemies, attract 

predatory ladybeetles and increase natural enemy populations (Wang 2015). Cotton–barley intercropping can 

effectively reduce the populations of pests, including A. gossypii Glover and Helicoverpa armigera Hübner, by 

increasing spiders, aphid parasitoids, syrphid flies, minute pirate bugs, predaceous ladybeetles, green lacewings, and 

other natural enemies (Wang 2015). 

 

Repulsive crops to reduce pest populations 

Cotton intercropping with aromatic crops, such as garlic, carrot, vanilla, or basil, can effectively repel cotton pests and 

reduce their numbers. Allicin, a pungent volatile from garlic, can repel cotton pests such as aphids and cotton 

bollworm and carrots can also repel aphids (Xue 2015). Intercropping garlic or carrots in cotton fields reduced cotton 

aphids by 11–87% and pesticide applications (Xue 2015). Cotton– vanilla intercropping directly repelled alate cotton 

aphids in the early stage of cotton growth and reduced the average number of aphids on cotton plants. Cotton–basil 

intercropping significantly reduced populations of cotton pests and decreased pink bollworm populations by 50%. 

 

Microclimate changes  

Pest population reductions the third effective mechanism of controlling cotton pests is to reduce the population 

density of pests by changing the microclimate of the cotton fields using intercropping. The intercropping ecosystem 

differs from a monoculture in vegetation structure, ventilation, humidity, and temperature (Guo et al. 2014). Crops 

with plant heights differing from cotton, like maize or fruit trees, have a great influence on temperature, humidity, 

wind speed, and light in the intercropping systems (Zhang R et al. 2018). These are the main microclimatic factors 

affecting pest occurrence (Singh et al. 2017; Akhtar and Farooq 2019; Huang and Hao 2020). Climatic factors act 

directly on the development and survival of cotton pests to affect their population densities. Climatic factors also 

indirectly act on the survival of cotton pests by affecting the population density of natural enemies and the growth, 

vigor and nutrition of the crop. 

 

Preparation of Azadirachta indica plant extract 

 Plant extract of A. indica was prepared by embracing the methodology of (Ali et al., 2017). Fresh collected leaves 

of A. indica were sufficiently washed by distilled water and dried in ~ 811 ~ The Pharma Innovation shadow, 

followed by electric grinding to get fine powder. A Fine A. indica powder (50 g) was dissolved in distilled water 

(500 ml) in a 2.5 liter sized conical flask by heating the solution at 60 °C and shaking the flask continuously with a 

magnetic stirrer for 6 h. Solution was filtered, using Whatman no. 1 after sieving with muslin cloth to remove any 

solid particles. Rotary evaporator was used to evaporate the solution in vacuumed conditions in hot air oven at to 

bring the dry plant extract to a constant volume 50 ml. The solution thus obtained was considered as 100% A. indica 
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extract, stored at 4 °C for further investigations. 

 

Conclusion 

Biological and cultural strategies for achieving the integrated control of cotton pests. The EPNs had the ability to 

produce cuticle degrading enzyme, so it can play an important role in the control of E. insulana and PBW in a safe 

manner and reduce environmental pollution by pesticides. we should improve the genetically cotton varieties. 
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