
 

 

 

Review Article  

Population Dynamics and Ecological Role of Chrysoperla spp. in Major Agricultural Crops: A 

Review  

 

 

ABSTRACT 

The growing global population, projected to reach 9.7 billion by 2050, demands sustainable agricultural 

practices to ensure food security. The widespread use of chemical pesticides has raised concerns due to 

their harmful impacts on health and ecosystems. As a result, Integrated Pest Management (IPM) 

strategies, including biological control, have gained prominence. Chrysoperlacarnea, commonly known 

as the green lacewing, is a key predator in biological pest control, effectively managing pest populations 

across various crops.This review examines the population dynamics of Chrysoperla spp. in sunflower, 

brinjal, cotton, okra, chilli, tomato, fennel, coriander, and mustard. The studies highlight how 

Chrysoperla populations are influenced by abiotic factors such as temperature and humidity, as well as 

biotic factors like prey availability. Positive correlations between predator and pest populations were 

noted across crops, emphasizing Chrysoperla's role in pest suppression. Additionally, intercropping 

strategies, particularly in fennel and coriander, have shown to enhance Chrysoperla populations, 

indicating the potential of such practices in improving pest control outcomes.Overall, Chrysoperla spp. 

are vital to sustainable pest management, reducing dependency on chemical pesticides and supporting 

environmentally friendly and economically viable agriculture within IPM frameworks. 

Keywords: Abiotic factors, Biological control, Chrysoperlacarnea, Integrated Pest Management (IPM), 

Intercropping, Population dynamics, Sustainable agriculture 

1. INTRODUCTION 

The global population has more than tripled over the past century, reaching 7.3 billion today, with 

projections suggesting it could rise to 9.7 billion by 2050 (UN estimates). This rapid growth 

demands a reliable supply of high-quality, affordable food. However, the extensive use of pesticides 

in agriculture to meet these demands has sparked significant concerns due to their potential adverse 

effects on human health, wildlife, aquatic life, and ecosystems. These concerns have driven the 

pursuit of more sustainable, eco-friendly pest control methods. Biological pest control, a 

cornerstone of Integrated Pest Management (IPM), stands out as a highly sustainable and cost-
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effective approach. It minimizes environmental impacts while effectively managing pest populations 

without disrupting the natural balance (2). 

One of the most widely distributed species employed in biological control is the green lacewing, 

Chrysoperlacarnea. Belonging to the family Chrysopidae and order Neuroptera, C. carnea is found 

across southern Africa, the South Atlantic islands, the Middle East, Western Asia, and the Indian 

subcontinent (17). This cosmopolitan predator is particularly effective during its larval stage, 

preying voraciously on soft-bodied pests such as aphids, thrips, psyllids, whiteflies, and the eggs of 

various lepidopteran pests across different crops (15). The adults, characterized by pale green 

bodies, long antennae, and transparent wings, feed on pollen, nectar, and honeydew. The C. carnea 

group comprises at least 20 species, distinguishable primarily by their unique vibrational duetting 

songs.Neuropterida, among the most ancient lineages within Holometabola, is believed to have 

diverged from a common ancestor with Coleoptera and Strepsiptera around 276 million years ago 

(5). The first recorded discovery of a Chrysoperla species in India, specifically Chrysoperlacarnea, is 

credited to the British entomologist Frederick Vincent Theobald in the early 20th century. Theobald's 

work was pioneering in the field of agricultural entomology. Theobald discovered Chrysoperlacarnea in 

various parts of India, with significant observations in agricultural regions where pest control was a major 

concern. However, the exact location within India where the first specimen was collected is not 

specifically documented in the available historical records. Theobald's contributions laid the groundwork 

for subsequent research on biological pest control in India, emphasizing the importance of natural 

predators like Chrysoperla in managing agricultural pests. Available literature reveals that extensive 

research has been conducted on various aspects of Chrysoperla spp. Stephens (Chrysopidae: Neuroptera) 

in different parts of the world. 

2. POPULATION DYNAMICS IN DIFFERENT CROPS 

Before delving into the specific crops, it is essential to understand the pivotal role that Chrysoperla spp. 

plays in integrated pest management (IPM) across diverse agricultural ecosystems. As a generalist 

predator, this green lacewing species has been extensively studied for its ability to suppress pest 

populations in various crops, thereby contributing to sustainable farming practices. The following 

sections will explore the population dynamics of Chrysoperla spp. in different cropping systems, 

highlighting its interactions with both abiotic and biotic factors. By examining these dynamics across a 

range of crops—each with its own unique environmental conditions and pest challenges—this review 

aims to underscorethe versatility and ecological importance of Chrysoperla spp. in modern agriculture. 
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Fig. 1: Egg, Larvae and Adult of Chrysoperla sp. 

 

Sunflower and Safflower 

Several studies have explored the influence of abiotic factors and host populations on the dynamics of 

green lacewing species, particularly Chrysoperlazastrowisillemi and other Chrysoperla species. In 

sunflower (Helianthus annuus) fields, the highest population densities of Chrysoperlacarnea were 

recorded from mid-March to mid-April during the first year and from mid-April to mid-May in the second 

year. Correlation analyses revealed a positive and significant relationship between the larval populations 

of Helicoverpaarmigera and Myzuspersicae with the predator C. carnea, although no significant 

correlation was found between H. armigera eggs and C. carnea. The C. carnea population was positively 

correlated with maximum temperature and negatively correlated with relative humidity, while minimum 

temperature showed no significant correlation with the predator's population dynamics (24). 

In 2008 and 2009, though small, C. carnea populations in sunflower ecosystems peaked in the third week 

of April. Across different sunflower varieties, the highest population density was observed seven weeks 

after sowing, with a notable decrease by thirteen weeks (30). Predator incidence studies reported C. 

carnea populations ranging from 0.10 to 0.80 individuals per plant, with population peaks varying 

slightly between 2015 and 2016 (13). A similar trend was observed in safflower, where C. carnea 

appeared approximately one week after the aphid Uroleuconcompositae, with predator populations 

peaking in the third week of January, coinciding with the aphid population peak (21).  

Brinjal 

Several studies have explored the seasonal abundance and ecological role of Chrysoperla spp. in brinjal 

(Solanum melongena). The relative abundance of C. carnea during the peak growing season was recorded 

at 0.62% during fortnightly intervals from 8:00 AM to 10:00 AM, with observations revealing the 

presence of C. carnea across various life stages, including eggs, nymphs, and adults, significantly 

contributing to the control of pests such as aphids and jassids (25). An average population of 51.9 

individuals per sample was recorded, with notable peaks on June 10th, July 8th, and August 5th, 
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indicating a close association with pest activity on brinjal (4). Environmental factors impacting C. carnea 

populations on brinjal showed a negative correlation with maximum temperature and evening relative 

humidity, while a positive correlation was noted with minimum temperature, morning relative humidity, 

and rainfall. These findings suggest that C. carnea thrives under specific microclimatic conditions (10).  

Cotton 

Research on Chrysoperlacarnea populations in cotton fields has spanned several decades, shedding light 

on its dynamics, environmental interactions, and relationships with insect pests. The presence of C. 

carnea in cotton fields was first documented from mid to late May (6). Similar studies in North Gujarat 

also identified C. scelestes in cotton, castor, and greengram crops around the same time (11). In Andhra 

Pradesh, low populations of C. carnea were observed on cotton whitefly (Bemisiatabaci) until October, 

with rainfall significantly reducing both pest and predator populations (34). Egg-laying by C. carnea was 

noted from early July, with the predator remaining active throughout the season (26). The retention and 

egg-laying of C. carnea were positively correlated with relative humidity and aphid populations but 

negatively correlated with temperature and wind speed (12). 

Further research in Tamil Nadu’s primary cotton-producing regions during the winter of 1995-96 and 

summer of 1996 revealed higher C. carnea populations in winter, ranging from 341 to 377 individuals per 

20 plants, compared to 198 to 205 in summer (47). Studies across five cotton varieties reported an 

average of 1.6 to 2.4 individuals per plant, with C. carnea populations showing a negative correlation 

with maximum temperature and positive correlations with both maximum and minimum relative humidity 

(39). In Punjab, observations over two years (2016-2017) noted low C. carnea populations in early June, 

peaking in the fourth week of June in 2016, and mid-July in 2017, where C. carnea emerged as the 

predominant predator of whitefly (37). 

At Navsari Agricultural University, C. carnea was reported from the 37th to 2nd Standard Meteorological 

Week (SMW) and from the 36th to 51st SMW, with peaks in the 46th and 40th SMWs during 2015-16 

and 2016-17, respectively. Significant correlations were found between C. carnea populations and 

temperature, along with strong positive correlations with jassid populations (31). The role of C. carnea in 

the biological control of B. tabaci on cotton was also highlighted, with significant reductions in whitefly 

populations (44). In Rajkot, Gujarat, Chrysoperla egg populations peaked in early November, showing 

positive correlations with sunshine hours and negative correlations with rainfall and humidity (29). 

During the Kharif 2020 season, the highest C. carnea egg populations were observed in Bt cotton 

varieties, with transgenic Super NIAB-142 showing the most significant predator presence across all life 

stages (45). Positive correlations were noted between Chrysoperla populations and temperature and 

Comment [Rg8]:  



 

 

relative humidity during Kharif 2020 and 2021, while negative correlations were found with evening 

relative humidity (8). 

These studies collectively underscore the critical role of C. carnea in cotton pest management, 

particularly in regulating B. tabaci populations, and highlight the influence of environmental factors on its 

population dynamics. 

Okra 

Chrysoperlacarnea serves as a crucial biological control agent in managing okra pests, particularly 

Amrascabiguttulabiguttula and Bemisia.While adult lacewings primarily feed on nectar, pollen, and 

honeydew, their larvae are active predators that significantly contribute to pest reduction in okra fields 

(16, 18). The seasonal activity of C. carnea fluctuates, with a notable presence observed from the second 

fortnight of March to late May, peaking at 0.20 individuals per plant (38). During the years 2015 and 

2016, C. carnea populations reached their highest levels in late July, with relative densities of 22.53% 

and 27.89%, respectively, during critical crop growth stages (19). Moreover, C. carnea maintained a 

significant presence across different cropping seasons, with average population densities of 2.42, 1.83, 

and 1.17 individuals per 10 leaves during the Kharif, Rabi, and summer seasons, respectively (3). 

Chilli 

In chilli (Capsicum annuum) fields, the Neuropteran species Chrysoperla spp. plays a significant role in 

managing pest populations, accounting for 2.22% of the total arthropod population in these ecosystems 

(22). The population dynamics of major pests and predators, including Chrysoperlacarnea, were studied 

during the winter of 2015, revealing a population peak from late October to early November, which 

coincided with optimal temperature conditions favoring their activity (9). A highly significant negative 

correlation was found between C. carnea populations and various temperature measures, indicating that 

extreme temperatures might limit their activity (14). Studies conducted at VRC, Pantnagar, during the 

Rabi seasons of 2018 and 2019, identified C. carnea as a key predator in chilli crops, showing a positive 

significant correlation between predator and insect pest populations, underscoring its importance in 

Integrated Pest Management (IPM) strategies (7). The predatory activity of C. carnea larvae was 

highlighted by the observation of 18,161 aphids, 566 Chrysopidae eggs, and 366 Chrysopidae larvae, 

emphasizing the critical role of larvae in reducing aphid populations, while the adult stages appeared less 

influential (20). 

Tomato 

Chrysoperla predators are known to feed on soft-bodied insects, playing a crucial role in controlling pest 

populations on tomato (Solanumlycopersicum) plants (46).Among the natural enemies of various insect 



 

 

pests in tomato crops, Chrysoperlazastrowii is notably effective. Green lacewings, primarily species of 

Chrysoperla, are fragile, bright green to greenish-brown insects that are prevalent in tomato crops from 

mid-October to early April (41). The population dynamics of Chrysoperlacarnea on tomato crops during 

the Rabi season of 2007-08 showed a gradual increase, starting at 0.22 individuals per plant in early 

February and peaking at 1.52 individuals per plant on March 19. This peak was followed by a decline as 

the tomato crop reached maturity. The study also revealed a positive and highly significant correlation 

between the C. carnea population and temperature (r = 0.668), while the correlation with humidity was 

negative and non-significant (r = -0.122). These findings highlight the temperature dependency of C. 

carnea populations in tomato ecosystems (27). 

Fennel 

Studies on the diversity of arthropods in fennel (Foeniculum vulgare) have identified Chrysoperlacarnea 

as a significant visitor, particularly attracted to the male flowers, highlighting fennel's potential as a 

conducive environment for supporting C. carnea populations (43). Research on C. carnea populations in 

fennel revealed that the mean population was 4.75 individuals in sole cropping. However, when fennel 

was intercropped with cotton, the mean population significantly increased, ranging between 8.80 and 9.91 

individuals, suggesting that intercropping can enhance C. carnea presence, likely due to improved 

microhabitat conditions or increased prey availability (33). Additionally, the diversity of predator species 

in fennel over two successive growing seasons (2008/2009 and 2009/2010) was explored using yellow 

sticky traps and sweep nets. The study identified C. carnea as a prominent predator, accounting for 

20.20% of all predators observed with sticky traps in 2008/2009 and 27.78% in 2009/2010. In contrast, 

the sweep net method recorded C. carnea comprising 25.14% of all predators in 2008/2009 and 24.57% 

in 2009/2010 (1). Further research investigated the impact of different intercropping patterns on C. carnea 

populations and found that fennel intercropped with sugar beet was particularly attractive to this predator, 

recording a mean population of 70 C. carnea individuals in 2017-18 and 67.50 in 2018-19, underscoring 

the benefits of intercropping in boosting predator populations (23). 

Coriander 

The activity of Chrysoperlaspecies as natural enemies in coriander fields has been well-documented, 

highlighting their crucial role in pest management (35). These predators are particularly effective against 

various aphid species found in coriander plants, where they actively reduce pest populations (36). A study 

conducted over two successive growing seasons (2008/2009 and 2009/2010) assessed the population 

dynamics of several predators in coriander using yellow sticky traps and sweep nets. The findings 

revealed eight predator insect species from eight genera under seven families using the sweep net method, 

while six predator species from six genera under five families were collected using yellow sticky traps. 



 

 

Notably, the sticky trap method recorded 25 Chrysoperla individuals (22.32%) in 2008/2009 and 24 

individuals (26.67%) in 2009/2010. The sweep net method captured 44 Chrysoperla individuals (20.95%) 

in 2008/2009 and 46 individuals (21.60%) in 2009/2010 (1). Additionally, research on various 

intercropping patterns found that combining coriander with sugar beet was particularly attractive to 

Chrysoperlacarnea Stephens. This intercropping pattern supported an average of 33.50 Chrysoperla 

individuals in 2017-18 and 31.25 individuals in 2018-19, demonstrating its effectiveness in enhancing 

Chrysoperla populations (23). 

Mustard 

The potential of Chrysoperlacarnea in controlling the mustard aphid (Lipaphiserysimi) in India has been 

widely recognized, emphasizing its significance as a natural enemy (42). Studies have demonstrated the 

effectiveness of C. carnea in preying on both nymphal and adult stages of L. erysimi, contributing 

substantially to aphid population suppression (32). Population dynamics revealed that C. carnea peaked 

in the fourth week of February on mustard crops when temperatures ranged from 14.1°C to 19.9°C, 

followed by a decline after the first week of March, which correlated with rising temperatures and 

reduced prey availability (48). The impact of abiotic factors on C. carnea populations in mustard showed 

a population increase beginning on January 28, peaking in the third week of February with 0.142 

individuals per plant, and then declining during the first week of March. This trend highlights a positive 

correlation between temperature, humidity, and C. carnea activity (40). Additionally, research into 

intercropping patterns found that coriander intercropped with sugar beet attracted a significant number of 

C. carnea individuals, with a mean of 33.50 during 2017-18 and 31.25 during 2018-19 (23). A study 

conducted over two consecutive Rabi seasons (2020-21 and 2021-22) further confirmed that C. carnea 

remains a consistent natural enemy of insect pests in mustard crops (28). 

3. CONCLUSION 

The population dynamics of Chrysoperla spp. across various crops highlight the critical role these 

predators play in integrated pest management (IPM) systems. Studies across sunflower, brinjal, cotton, 

okra, chilli, tomato, fennel, coriander, and mustard have consistently demonstrated the adaptability and 

effectiveness of Chrysoperla spp. as natural enemies of key agricultural pests. The presence and activity 

of these predators are influenced by a range of abiotic factors, including temperature, humidity, and 

seasonal variations, as well as biotic factors such as prey availability. 

In sunflower, Chrysoperla spp. populations align closely with the activity of pests like 

Helicoverpaarmigera and Myzuspersicae, with positive correlations found between predator and prey 

populations. Similar trends are observed in cotton, where Chrysoperla spp. effectively target pests such as 

whiteflies, with populations peaking during optimal environmental conditions. The studies on brinjal, 



 

 

okra, and chillifurther emphasize the importance of microclimatic factors in determining the population 

dynamics of C. carnea, particularly its sensitivity to temperature and humidity. 

Moreover, intercropping strategies have shown potential in enhancing Chrysoperla populations, as 

demonstrated in fennel and coriander crops. The increase in predator populations under intercropping 

systems suggests that these agricultural practices can create favorable habitats, thereby improving pest 

control outcomes. 

Overall, the research underscores the significance of Chrysoperla spp. as a cornerstone of sustainable pest 

management. Their ability to thrive in diverse agroecosystems and effectively reduce pest populations 

positions them as valuable agents in reducing the reliance on chemical pesticides, contributing to 

environmentally friendly and economically viable farming practices. 

References 

1. Abd El-Kareim AI, El-Naggar ME, Marouf AE. Survey of predaceous insects associated with 

four medicinal plants. J. Plant Prot. Pathol. 2011; 2(6): 623-636. 

2. Ananthakrishnan TN. Technological advances in the biological control of insects. Curr. Sci. 

1996; 71(12): 941-945. 

3. Aravinda H, Shruthi GT, Nandini SN, Shylesha AN. Benevolent battlers: Exploring the 

population dynamics of natural enemies in managing key sucking pests of okra. Int. J. Adv. 

Biochem. Res. 2024; 8(5): 99-108. 

4. Ata TE. The role of predatory insects in regulating the population of the main insect pests 

attacking eggplant (Solanummelanogena L.) crop under open field conditions. J. Plant Prot. 

Pathol. 2024; 15(3): 97-107. 

5. Bakthavatsalam N, Varshney R. Chrysopids (Neuroptera: Chrysopidae). In: Insect predators in 

pest management. 2023. (pp. 147-174). CRC Press. 

6. Bar DD, Gerling R, Rossler Y. Bionomics of the principal natural enemies attacking 

Heliothisarmigerain cotton fields in Israel. Environ. Entomol. 1979; 8: 468-474. 

7. Bhatt B, Karnatak AK. Arthropoda fauna prevailing on chili crop. J. Entomol. Zool. Stud. 2020; 

8: 1366-1369. 

8. Birah A, Kumar A, Khokhar MK, Acharya LK, Shukla KK, Mitkari AG, Chander S. Effect of 

weather parameters on pink bollworm damage and population of predators in Bt cotton in Central 

India. Ann. Plant Prot. Sci. 2024; 32(1): 1-6. 

9. Ellahi F, Lanjar AG, Chang BH, Magsi F, Khushk G, Raza R, Miano FN. Insect biodiversity on 

mixed cropping of chili and onion crops. Int. J. Fauna Biol. Stud. 2017; 4(3): 14-19. 

Comment [Rg9]: According to the journal no 
italics should be used. 



 

 

10. Gokulapriya M, Chandrasekaran K, Indhumathi RP, Soundararajan P, Yasodha. Diversity and 

population dynamics of insect predatory fauna in the brinjal ecosystem under IPM and non-IPM 

situations. J. Biol. Control. 2021; 35(3): 161. 

11. Gadhia VB. Bionomics of green lacewing,Chrysopascelestes Banks and its predatory potential on 

important insect pests of North Gujarat region along with ovicidal toxicity of certain insecticides. 

M. Sc. (Agri). Thesis,Gujarat Agricultural University, SardarKrushinagar,Gujarat, India, 1988; 

18-49  

12. Geetha B, Swamiappan M. Improved adult rearing cages for the predator, 

Chrysoperlacarnea.Madras Agric. J.1998; 85:333-334. 

13. Geetha S, Hegde MG. Incidence of insect pests and natural enemies in sunflower crop ecosystem. 

Int. J. Curr. Microbiol. App. Sci. 2018; 7(09): 1593-1601. 

14. Hadiya GD, Kalariya GB. Seasonal occurrence of aphid, Aphis gossypii Glover and its natural 

enemies on chilli (Capsicum annuum L.). Ann. Plant Protect. Sci. 2017; 25(1): 32-35. 

15. Hemalatha BN, Venkatesan T, Jalali SK, Reetha B. Distribution and characterization of microbial 

communities in Chrysoperlazastrowisillemi, an important predator of sap-sucking insect pests. 

Afr. J. Microbiol. Res. 2014; 8: 1492-1500. 

16. Henn T, Weinzierl R. Alternatives in insect pest management. Beneficial insects and mites. 

Illinois Univ. Circular, 1990; 1298: 24. 

17. Henry CS, Brooks SJ, Johnson JB, Venkatesan T, Duelli P. The most important lacewing species 

in Indian agricultural crops, Chrysoperlasillemi (Esben-Petersen), is a subspecies of 

Chrysoperlazastrowi (Esben-Petersen) (Neuroptera: Chrysopidae). J. Nat. Hist. 2010; 44: 2543-

2555. 

18. Hoffmann MP, Frodsham AC. Natural enemies of vegetable insect pests. Cooperative Extension, 

Cornell Univ., Ithaca, NY, 1993; 63. 

19. Ismail HA. The main sucking insect pests and their associated predators on okra plants. Zagazig 

J. Agric. Res. 2018; 45(4): 1257-1271. 

20. Juhász AL, Szénási Á. Do cultivar, watering, and plant distance impact aphids and their natural 

enemies in chili (Capsicum chinenseJacq.)?.Horticulturae. 2024; 10(7): 697. 

21. Kamath SP, Hugar PS. Population dynamics of aphid, Uroleuconcompositae Theobald 

(Aphididae: Hemiptera) on safflower. Karnataka J. Agric. Sci. 2001; 14(1): 154-156. 

22. Kaur G, Sangha KS. Diversity of arthropod fauna associated with chilli (Capsicum annuum L.) in 

Punjab. J. Entomol. Zool. Stud. 2016; 4(5): 390-396. 



 

 

23. Khafagy IF, Samy MA, Hamza AM. Intercropping of some aromatic plants with sugar beet, its 

effects on the tortoise beetle Cassida vittata Vill. infestation, appearance predators, and sugar 

beet yield. J. Plant Prot. Pathol. 2020; 11(2): 103-110. 

24. Khulbe P, Kumar A. Influence of abiotic factors and hosts on seasonal dynamic of green 

lacewing, Chrysoperlacarnea (Stephens). J. AgriSearch. 2016; 3(3): 175-177. 

25. Kumari S, Kataria SK, Kaur G, Singh A, Singh R. Relative abundance and diversity of insect 

pests and natural enemies in brinjal ecosystem. Ann. Entomol. 2023; 41(1): 49-55. 

26. Mannan VD, Varma GC, Brar KS. Seasonal fluctuations and host predator relationship of 

Chrysoperlacarnea (Stephens) (Neuroptera: Chrysopidae). Indian J. Ecol. 1995; 22(1): 21-26. 

27. Mari JM, Bugti GA, Rustamani MA. Population of Chrysoperlacarnea (Stephen's) on different 

vegetable crops. In: International Conference on Agricultural Engineering: New Technologies for 

Sustainable Agricultural Production and Food Security. 2013; 1054: 89-94. 

28. Mishra VK, Devi MS, Chaturvedi SK. Insect fauna associated with mustard agro-ecosystem in 

Bundelkhand region. J. Exp. Zool. India. 2022; 25(2). 

29. Muchhadiya DV, Saradava DA, Kabaria B. Population dynamics of insect pests and some of their 

natural enemies and their correlation with weather parameters on Bt cotton. Indian J. Agric. Sci. 

2014; 84(5): 572-578. 

30. Basit MB, Saeed SS, Saleem MA, Zulfiqar R. Population dynamics of sunflower insect pests and 

their natural enemies. Sarhad J. Agric. 2016; 32(4): 417. 

31. Patel RK, Radadia GG. Population dynamics of cotton jassid, Amrascabiguttulabiguttula (Ishida) 

and natural enemies in relation to weather parameters under rainfed conditions. J. Entomol. Zool. 

Stud. 2018; 6(6): 664-672. 

32. Pradhan PP, Borkakati RN, Saikia DK. Insect pests of mustard and their natural enemies in 

Assam. Int. J. Curr. Microbiol. App. Sci. 2020; 9(7): 2785-2790 

33. Ramalho FS, Fernandes FS, Nascimento ARB, Nascimento JL, Malaquias JB, Silva CA. 

Assessment of fennel aphids (Hemiptera: Aphididae) and their predators in fennel intercropped 

with cotton with colored fibers. J. Econ. Entomol. 2012; 105(1): 113-119. 

34. Reddy AS, Rao NV. Cotton whitefly review. Indian J. Plant Prot. 1989; 17: 171–179. 

35. Sagar P, Kumar N. Natural enemies of Hyadaphiscoriandri and feeding rate of 

Coccinellaseptempunctata on it in Punjab. Int. Pest Control. 1996; 38(1): 26-27. 

36. Salamanca J, Pareja M, Rodriguez-Saona C, Resende ALS, Souza B. Behavioral responses of 

adult lacewings, Chrysoperlaexterna, to a rose–aphid–coriander complex. Biol. Control. 2015; 

80: 103-112. 



 

 

37. Sangha KS, Shera PS, Sharma S, Kaur R. Natural enemies of whitefly, Bemisiatabaci 

(Gennadius) on cotton in Punjab, India. J. Entomol. Zool. Stud. 2018; 32(4): 270-74. 

38. Shabozoi NUK, Abro GH, Syed TS, Awan MS. Economic appraisal of pest management options 

in okra. Pak. J. Zool. 2011; 43(5). 

39. Shahid MR, Mahmood A, Farooq J, Farooq M, Shahid M. Population dynamics of predatory 

fauna in cotton and its indirect impact on seed cotton yield. Int. J. Agric. Appl. Sci. 2013; 5(1). 

40. Shruthi GT, Singh NN, Mishra VK, Bagri BB. Effect of abiotic factors on green lacewing 

population under mustard agro-ecosystem. J. Exp. Zool. India. 2019; 22(1): 305-308. 

41. Singh S. Studies on insect pests of tomato with special reference to seasonal incidence and 

management of serpentine leaf miner Liriomyzatrifolii Burgess. M.Sc. (Ag.) Thesis, Indira 

Gandhi Krishi Vishwavidyalaya, Raipur (Chhattisgarh), 2017. 

42. Singh NN, Kumar M. Potentiality of Chrysoperlacarnea (Stephens) in suppression of mustard 

aphid population. Indian J. Entomol. 2000; 62: 323-326. 

43. Skaldina O. Insects associated with sweet fennel: beneficial visitors attracted by a generalist 

plant. Arthropod-Plant Interact. 2020; 14(3): 399-407. 

44. Soomro AS, Mazari SN, Soomro AS. Testing of Chrysoperlacarnea (S) against Bemisiatabaci in 

Bt. cotton crop under field conditions. ActaEntomol. Zool. 2020; 1(2): 60-64. 

45. Soomro QA, Sohail M, Sultana R, Khuhro NH, Memon RM. Population dynamics of sucking 

insect pest and predator, Chrysoperlacarnea in transgenic Bt cotton and non-Bt cotton varieties. 

2023; 1-6. 

46. Sreedhar M, Singh G, Singh S, Megha G. Studies on the pest complex of tomato (Lycopersicon 

esculentum L.) and their natural enemies in the western region of Uttar Pradesh, India. J. 

Entomol. Zool. Stud. 2019; 7(6): 1010-1014. 

47. Swaminathan VR, Mahadevan NR, Muthukrishnan N. Population ecology of Chrysoperlacarnea 

in southern districts of Tamil Nadu. Indian J. Entomol. 2003; 65(2): 167-169. 

48. Talpur MA, Khuhro RD. Relative occurrence and abundance of mustard aphid, Lipaphiserysimi 

(Kalt.) and their predators on rainbow and oscar canola varieties. J. Asia-Pac. Entomol. 2004; 

7(2): 215-219 


