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AN ABSTRACT OF THE THESIS OF 
 
 
MUZAMMIL SATTAR  For:      DOCTOR OF PHILOSOPHY (Ph. D) 
                                                            Major:     ENTOMOLOGY 
 
 
TITLE: INVESTIGATIONS ON CHRYSOPERLA CARNEA (STEPHENS) 

(NEUROPTERA: CHRYSOPIDAE) AS A BIOLOGICAL CONTROL 
AGENT AGAINST COTTON PESTS IN PAKISTAN. 

 
  Studies on effect of different hosts on biology of Chrysoperla carnea 
(Stephens) carried out under laboratory conditions at 26±2°C and 65±5% R. H. indicated 
that the incubation period of eggs of C. carnea females feeding on different hosts as larvae 
was significantly (P <0.001) different from each other. The order of larval period on 
different prey species was Sitotroga cerealella > Aphis gossypii > Phenacoccus solenopsis 
> mixed host diet > Pectinophora gossypiella > Helicoverpa armigera.The maximum 
(100%) and minimum (50%) survival to adult stage was recorded on S. cerealella and       
P.gossypiella as hosts. The highest fecundity per female (503.3±9.17) and fertility 
(85.61±0.68) of eggs were recorded for females reared on S. cerealella eggs as a larval 
diet. C. carnea larvae consumed maximum amount of food when feeding on S. cerealella 
eggs followed by A. gossypii. The insects reared on artificial diet laid more eggs which 
were significantly more fertile than the eggs of insects feeding on S. cerealella. Survival to 
adult stage was also significantly higher for those insects feeding on artificial diet as 
larvae. Larval density had significant (P <0.001) effect on larval and pupal duration, pupal 
weight and percent adult emergence. When C. carnea was reared on different temperature 
regimes, 26°C was found to be the optimum temperature regime with significantly higher 
pupal recovery, adult emergence, fecundity and fertility of eggs. Experiments conducted at 
lower temperature regimes for extending the shelf-life of C. carnea indicated that duration 
of storage and temperature significantly affected egg survival. No egg survived when 
stored at 5°C. Egg stored at 7 and 9°C had 66.0 and 71.52% survival and all eggs were 
killed when stored for more than one week. Lower temperature had negative effect on 
survival of first instar C. carnea. Second and third instar C. carnea larvae showed better 
survival at lower temperature during storage compared with first instar. Compared with 
eggs and larvae, pupal stage of C. carnea was more sensitive to lower temperature 
regimes. Duration of storage and temperature adversely affected fecundity of females and 
fertility of eggs. 
 

 Larval mass-rearing methods indicated that rearing of individual larva in 
plastic tubes yielded highest larval survival and percent adult emergence compared with 
other two methods. Different concentrations of various proteins in the artificial adult diet 
of C. carnea had a significant (P <0.001) effect on fecundity and fertility of eggs. The 
highest fecundity (785.12±25.75) and fertility (89.23±0.36) of eggs was recorded for adults 
feeding on diet containing Nu lure (5.0 ml diet-1). Among all colours tested, C. carnea 
females preferred black colour as a substrate for egg-laying and laid the highest (91.00%) 
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eggs. C. carnea laid highest number of eggs when a sex ratio of 1: 3 (male: females) was 
maintained. Radiation of C. carnea larvae and pupae affected the biological parameters. 
Larval period were extended when larvae were irradiated as first, second and third instars 
at 5 Gy. At higher dose levels, the biological parameters were affected negatively. Toxicity 
of insecticides against eggs of C. carnea varied significantly. Spinosad was non-toxic 
causing no egg mortality, abamectin was slightly toxic causing 2.5% mortality, while 
methomyl was highly toxic insecticide causing 26.25% mortality at field application dose 
rate. When C. carnea larvae and adults were exposed to insecticides, methomyl was found 
the most toxic and spinosad the least toxic insecticides. 
 

C. carnea egg cards were released in cotton (cv. NIAB-78) field for 
population management of sucking insect pests. Aphid, Aphis gossypii population 
reduction in predator released treatments was significant (P <0.001). By the end of season 
predator was able to cause 76.13 and 75.02% population reduction of aphid during 2005 
and 2006, respectively. Release of C. carnea cards in cotton crop significantly (P <0.001) 
reduced the population of jassid, Amrasca devastans; thrips, Scirtothrips dorsalis and 
whitefly, Bemisia tabaci. The level of population reduction varied between different pest 
species. Population reduction was 83.70 and 76.07% for jassid; 37.59 and 60.32% for 
thrips and 51.84 and 44.08% for whitefly during 2005 and 2006, respectively. Release of 
C. carnea egg cards also had a significant effect on resident population of C. carnea in 
predator released treatments compared with control treatments. When C. carnea larvae 
were released in field cage study, third instar larvae were significantly (P <0.001) more 
effective than first and second instars in reducing sucking insect pest population in cotton.  
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CHAPTER - I 
 
 
 

INTRODUCTION 
 
 
 

  The impact of predacious arthropods in natural communities and 

agricultural crops is receiving more attention in recent years. The importance of natural 

enemies (parasites, predators and pathogens) as controlling agents is coming into closer 

focus, based on modern investigations (Bailey, 1991). The concept was originally 

described by Stephens (1835) and was successfully used in 1868 (Bansod and Sarode, 

2000; Zhang et al., 2004). The term “Biological control” was first used by Smith (1919) to 

signify the use of natural enemies to control insect pests (Clarke, 1993). Biological control 

is a phase of natural control, hence, could also be termed “natural control”. This broader 

term includes the actions of all environmental factors, both physical and biological in the 

regulation, determinations or governance of average population densities (Baric and 

Sturmbauer, 1999). It can be defined simply as the maintenance of a more or less 

fluctuating population density of an organism within certain definable upper and lower 

limits over a period of time (Nordlund and Correa, 1995; Ridgway et al., 1970 and Rumpf 

and Frampton, 1997). Biological control is, “the action of parasitoids, predators and 

pathogens in maintaining other organisms’ density at a lower average level than would 

occur in their absence” (DeBach, 1965). The advantages of biological control are 

numerous. They often include a high level of control at low cost, self-perpetuation at little 

or no cost following the initial effort, absence of harmful effects on man, his cultivated 

plants, domesticated animals, wild life, and other beneficial organisms on land or in the 
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aquatic environments, and the utility of some types as biological insecticides. The ability 

of natural enemies to reproduce rapidly, to search out their hosts and survive at relatively 

low host densities makes outstanding advantages possible (Stelzel and Devetak, 1999; 

Saini and Salto, 1999 and Singh and Manoj, 2000). Indigenous populations of parasites 

and predators could often be a more important cause of pest mortality if not inhibited by 

the insecticides used in an attempt to obtain ‘chemical control’ (Hagen and Tassan 1965). 

 

 Earlier, many authers such as DeBach and Hagen (1964), Henry (1979, 

1985 and 1993), Bram and Bickely (1963) and Brooks (1994) have discussed the role of 

predators in controlling agricultural insect pests. Many striking examples of ‘invisible’ 

biological control are every where around us. The first dramatic example of biological 

control of deliberate manipulation of insect natural enemies was the importation of the 

Vidalia lady beetle, Rodolia cardinalis (Mulsant) in California in 1888 to control the 

cottony cushion scale, Icery purchasi (Maskell) on citrus (Rao et al., 1971; Sengonca and 

Schimmel, 1993). Up to 1963 only 15 exotic predaceous insect species were successfully 

introduced against insect pests (Jackson and Resh, 1998). The predators are scattered in 

about 167 families of 14 orders of class Insecta. Among the predacious orders, Coleoptera, 

Neuroptera, Hymenoptera, Diptera and Hemiptera contain exclusively (natural enemies) 

predators. It is estimated that possibly up to one third of the successful biological insect 

pest control programmes are attributable to the introduction and release of insect predators 

(Williamson and Smith, 1994). A natural enemy may be used in inoculative releases, as 

reported by Warner, (2001). Production estimation and quality control procedures are a 

necessity. While the use of factitious hosts often makes mass rearing of certain enemies 
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possible. The cost of developing and maintaining good quality natural enemies a small 

price to pay for consistent and satisfactory performance in the field (Larock and Ellington, 

1996). The procedures necessary will vary with the entomophagous species and the 

intended usage (Penny et al., 2000 and Florkin, 1974). 

 

 The common green lacewing, Chrysoperla carnea (Stephens) is an 

important predator; it belongs to order ‘Neuroptera’. This order consists of a group of 

insects with rather soft bodies, biting mouthparts and two pairs of very similar 

membranous wings which are usually held roof-like along the abdomen at rest. Their 

agricultural importance lies in their carnivorous habits. The larvae are all predators. Some 

are terrestrial, feeding on jassids, psyllids, aphids, coccids, mites etc., and others are 

aquatic. It is rare in the tropics to find a large colony of aphids without at least some 

neuropterous larvae feeding on them. One larva may devour as many as five hundred 

aphids in its life and there is no doubt that they play an important part in the natural control 

of many small homopterous pests (Michaud, 2001 and Legaspi and Nordlund, 1994). 

Among predators, lacewings are broad habitat species, about 1200 species have been 

known world wide.  Some of the known and common species are: Chrysoperla carnea 

(Stephens), C. rufilabris (Burmeister), C. plorabunda (Fitch), C. mediterranea (Hölzel),  

C. oculata (Say), C. adamsi (Henry, Wells and Pupedis), C. johnsoni (Henry , Wells and 

Pupedis), C. lucasina (Lacroix), C. nigricornis, C. downesi (Smith), C. mohave (Banks),  

C. comanche (Banks), C. formosa (Brauer), C. pallens (Rambur), C. lacciperda 

(Kimmins), C. scelestes (Banks). Chrysoperla spp., especially C. carnea and C. rufilabris, 

are sold commercially by numerous producers and suppliers (Hunter, 1994; Penny et al., 



 4 

2000; James, 2003a and 2006) to control insect pests. Green lacewings, C. carnea, is an 

example of one of these species that is not predacious in the adult stage; larval stage is 

predatory stage while in some species adults are also predators (Michaud, 2001; Patel and 

Vyas, 1985; Rosenheim et al., 1999). These lacewings larvae are considered generalist 

predators; the larvae are sometimes called aphid lions and have been reported to eat 

between 100 to 600 aphids each (Grenier et al., 1994; Tauber et al., 2000). Adults feed 

only on pollen, nectar and aphid honeydew. They are pale green, about 12-20 mm long 

with long antennae and bright, golden or copper-coloured eyes. They have large, 

transparent, pale green wings and a delicate body. These adults are active fliers, 

particularly during the evening and night and have a characteristic, fluttering flight 

(Mendel et al., 2003; Zhang et al., 2006). Adults have a strong flight urge, and may fly for 

3 to 4 hours each of their first two nights and lay eggs on fifth day after adult emergence. 

Oval shaped eggs are protectively laid singly at the end/ tips of long silken stalks, 

resembling miniature cattails growing from the plant foliage, these are pale green, turning 

grey in 2-3 days. After 6-7 days eggs hatch out, the larvae which are very active, have 

three instars, and are grey or brownish, alligator-like with well-developed legs and large 

pincers with which they suck the body fluids of the prey. Larvae grow from <1 mm to 6-8 

mm.  Mature third instar larvae spin round, parchment like silken cocoons usually in 

hidden places in plants and pupate inside cocoons. Emergence of adults occur in 8-10 days. 

There may be two to several generations per year (Kaitazov and Kharizanov, 1976; Tauber 

et al., 1997a, b; Zhu et al., 2005; Sengonca and Grooterhorst, 1985).  
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 Cotton, Gossypium hirsutum L., is the important fiber crop of the world. 

Cotton is one of the most sensitive to pest attack and chemically intensive among all field 

crops. Worldwide about 15% of cotton loss is due to insect damage.  It is produced in more 

than 100 countries, the most important countries being: China (24% of global cotton 

production), the USA (19%), India (16%), Pakistan (10%), Brazil (5%) and Uzbekistan 

(4%) (Kooistra et al., 2006). Although global cotton production and yield per acre, have 

increased steadily over last three decades. In developing countries it is estimated that 

approximately 50% of all pesticides are applied in cotton cultivation (ICAC, 2005). Pests 

are such a serious threat to cotton production that economic yield are almost impossible to 

achieve without chemical control and plant protection operations have become the crucial 

aspects of production practices. About 50% of the present cotton yields in world are 

attributable to the use of agrochemicals (ICAC, 1998). Cotton can recover from a degree of 

early pest damage, often without loss of yield or delay in crop maturity, a process known 

as compensation (Wilson et al., 2003). 

 

 Cotton is the most important cash crop of Pakistan, provides raw material 

not only to our ginning factories, rapidly expending textile industry but also to oil mills for 

making edible oil. Its by-products and finished goods provide 55% of the total foreign 

exchange earnings plus provide employment to more than one million people. This white 

gold plays vital role in the economy of Pakistan. Its quantity and quality are equally 

important to meet our domestic as well as export requirements. The area under cotton in 

Pakistan in the year 2004-2005 was 3200 thousand hectares with a production of 2.5 M 

tones. The average yield of cotton in Pakistan 780 kg/ha., Pakistan ranked 4th in area and 
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production of cotton in world and 10th in yield per hectare (ICAC, 2005). The yield of 

cotton in Pakistan is low and the production potential of crop is reduced by 20.7% due to 

infestation of insect pests, particularly sucking and chewing complexes (Ali, 1983).  

 

 Keeping in view the importance of cotton in national economy of Pakistan, 

damage caused by indiscriminate use of insecticides against insect pests which cause 

enormous environmental degradation and human health hazards, these studies were carried 

out. It is hoped that the results of these studied will provide useful information on 

integrated pest management of cotton for the benefit of farming community of Pakistan, 

discourage indiscriminate use of insecticides in the wake of World Trade Organisation 

(WTO) regime regulations and will add to economic prosperity of country. To reduce the 

pesticide application and to avoid the environmental pollution, in this context biological 

control is living weapon over chemical control, which is a modern and widely accepted 

technique in the world. The presence and role of predators and parasites in cotton and other 

field crops has been the subject of many studies (Dean and Sterling, 1992; Aldrich, 1999; 

Baker et al., 2003). Amongst the important biological agents, Chrysoperla carnea 

(Stephens) is a voracious feeder on wide range of eggs of lepidopterous pests, predators of 

sucking pests like whitefly, jassids, aphids and thrips, neonate larvae of bollworms and a 

variety of other slow or non-moving soft-bodied insects (Yazlovetsky, 1992). Its larvae 

have a relatively broad range of acceptable prey (Cohen, 1992; James, 2003b). But their 

seasonal abundance varies and response as biological control agent may differ with region, 

locality and season (Bigler, 1992; Ridgway and Murphy, 1984; James and Price, 2004). 

Experimental releases of green lacewings have proven their effectiveness as broad-
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spectrum Biological Control agents against lepidopterous cotton pests (Ridgway and Jones, 

1969; Thite and Shivpunje, 1999). 

  

 Studies were carried out to conduct experiments to develop laboratory 

procedures and protocols to optimise mass-rearing of C. carnea to be employed in 

population management of insect pests of cotton and other field crops. Experiments were 

carried out to find the optimum laboratory temperature for mass-rearing of C. carnea; 

influence of temperature and radiation to enhance the shelf-life of C. carnea. Tests were 

carried out on the effects of proteins in artificial adult diet to improve the performance of 

adults. C. carnea are sometimes exposed to toxic residues of insecticides under field 

conditions, therefore, experiments were conducted on toxicity of commonly used 

insecticides in cotton against the predator. Two year field studies were carried out on 

release of C. carnea egg cards for the population management of sucking insect pests of 

cotton. It is hoped that the results of this study will increase our understanding and 

knowledge of use of C. carnea for the integrated pest management of insect pests of cotton 

and other field and vegetable crops. It is also hoped that our understanding of biological 

process operating in agro ecosystem culminating in population management of insect pests 

will ultimately reduce use of toxic pesticides and improves the health of environment we 

live in.  
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CHAPTER - II 
 
 
 

REVIEW OF LITERATURE 
 
 
Biology and Mass-rearing of C. carnea 
 
 

  Chrysoperla carnea (Stephens) is important predator, available 

commercially in many countries of the world for augmentative release in agro ecosystem 

for population management of many insect pests. Biology of C. carnea depends upon 

many factors biotic as well as a biotic. Biotic factors such as host species, its stage of 

development to be consumed as prey and the host plant on which C. carnea host is 

feeding. There is a huge amount of literature available on biology of C. carnea, here some 

of the selected references are reviewed on biology. 

 

  Obrycki et al. (1989) observed that, development of C. carnea required 

20.5, 21.6 and 24.9 days at 27˚C with a photoperiod of 16: 8 (L: D), when fed Ostrinia 

nubilalis (Hubner) eggs, Agrotis ipsilon (Hufnagel) eggs, and A. ipsilon neonates, 

respectively. The influence of different aphid foods on larval development, juvenile 

mortality, weight of cocoons and adult fecundity of C. carnea was investigated. Myzus 

persicae (Sulzer) and Acyrthosiphon pisum (Harris), were much more suitable than other 

aphid species studied. Aphis fabae (Scop.) was the most unsuitable prey type for C. carnea 

as high juvenile mortality occurred to larvae fed on this species. Larvae fed on this aphid 
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produced small cocoons and fecundity was much reduced compared to M. persicae. 

Macrosiphum albifrons (Essig) delayed development and affected the fecundity of adult 

females but caused less juvenile mortality (Osman and Selman, 1993). McEven (1996) 

studied a relationship between the quantity of larval food and the rate of larval 

development and survival from eclosion to pupation in C. carnea. McEwan et al., (1996) 

studied the influence of an artificial food supplement on larval and adult performance of  

C. carnea. The adult diet comprised of yeast autolysate, sugar and water in the ratio of 4: 

7: 10. Different numbers of live prey eggs of Anagasta kuehniella (Zeller), on larval 

development and survival and on adult weight and survival of C. carnea. Given the same 

number of prey eggs, predator larvae receiving artificial food supplement reached the 

pupal stage more rapidly than those given water. Mishra et al., (1996) studied the biology 

and feeding potential of Chrysopa scelestes (Banks) on the eggs of the sugarcane pest 

Pyrilla perpusilla (Walker) in the laboratory. The egg, larval and pupal periods lasted 

3.69±0.77, 10.05±1.63 and 9.55±1.23 days, respectively. Adult longevity was 24.75±3.14 

days for males and 31.70±2.95 days for females. The larval diet of C. carnea exerted a 

significant effect on the rate of its development, survival, cocoon weight and the fecundity 

of the adult females (Osman and Selman, 1996). 

 

 Mannan et al. (1997) studied the biology of C. carnea on Aphis gossypii 

(Glover) and Myzus persicae (Sulzer). The pre-oviposition, oviposition and post-

oviposition period were 6.55, 21.10 and 7.95 days on A. gossypii and 9.25, 21.85 and 11.20 

days on M. persicae, respectively. The mean fecundity of C. carnea was about 84.70 and 

103 eggs; the incubation periods were 2.25 and 3.68 days. The duration of development of 
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first, second and third instar larvae were 2.60, 2.25, 2.38 and 3.75, 2.78 and 3.35 days 

when reared on A. gossypii and M. persicae, respectively. The pupal period was 9.43 

and11.40 days on A. gossypii and M. persicae, respectively. The females lived longer (35. 

70 and 38.80 days) than males (32.20 and 35.80 days) on two respective hosts. The pre-

oviposition, oviposition and post-oviposition recorded on two hosts were: 6.55 and 9.25, 

21.10 and 21.85 and 7.95 and 11.20 days, respectively, when larvae were reared on          

A. gossypii and M. persicae, respectively. Saminathan et al., (1999) studied the biology 

and predatory potential of C. carnea on eggs of Corcyra cephalonica (Stainton), Earias 

vitella (Fabricius) and Helicoverpa armigera (Hubner), neonate larvae of E. vitella and    

H. armigera and A. gossypii (Glover) collected from cotton (Gossypium hirsutum L.), okra 

(Hibiscus esculentus L.) and guava (Psidium guajava L.) and Aphis carccivora (Coch.) 

collected from cowpea [Vigna unguiculata (L.) Walp.] and groundnut (Arachis hypogaea 

L.). The egg, grub and pupal period of C. carnea were minimum on A. craccivora 

collected from groundnut and maximum on H. armigera neonate larvae. The total 

developmental period of C. carnea on different insect hosts ranged from 18.59                

[A. craccivora (groundnut)] to 22.74 days (H. armigera neonate larvae). C. carnea adult 

laid a maximum of 318.40 eggs when reared on A. craccivora.  

 

  Geethalakshmi et al. (2000) studied the biology and feeding of Chrysoperla 

carnea on Corcyra cephalonica (Stainton) eggs. Total development period from egg to 

adult emergence was completed in 22.2 days. Larval and pupal period was 10.3 and 8.4 

days, respectively. Progeny had a sex ratio of 1: 0.95 (female: male) an average of 640 

eggs were laid per female. Males survived for 26.5 days and females for 39.0 days. A 
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single larva fed an average of 30.3 eggs of C. cephalonica, 33.4 eggs of Helicoverpa 

arnigera, 0.54 egg masses of Spodoptera litura, 5.9 and 7.9 first instar larvae of               

H. armigera and S. litura and 33.3 and 24.6 Aphis gossypii and Planococcus citri, 

respectively, in a single day. Venkatesan et al., (2000) reared C. carnea for 10 successive 

generations on a larval semi-synthetic diet containing soybean hydrolysed powder (1.3%), 

egg yolk (32.3%), honey (16.1%), yeast extract (1.3%), water (38.7%), petroleum jelly 

(0.7%) and paraffin wax (9.6%). Larval developmental period was longer on semi-

synthetic diet than on Corcyra cephalonica eggs. Mean adult emergence of C. carnea 

reared on semi-synthetic and on C. cephalonica eggs was 56.7 and 82.5%, respectively. 

Food consumption increased as C. carnea developed. The first larval stage of C. carnea 

fed heavily on Aphis gossypii nymphs (54.05), sterilized eggs of C. cephalonica (53.90) 

and H. armigera (43.05). C. carnea larvae consumed more A. gossypii than Uroleucon 

compositae (Thomas) nymphs (Bansod et al., 2001). 

 

  Liu and Chen (2001) determined the effects of three aphid species (fourth 

instars only), Aphis gossypii Glover; Myzus persicae (Sulzer) and Lipaphis erysimi 

(Kaltenbach) on immature development, survival and predation of C. carnea in the 

laboratory. Survival rates of C. carnea from first stadium to adult emergence were 

significantly different among larvae fed different aphid species. When larvae were fed      

A. gosypii and M. persicae, 94.4±3.3% (mean ± SE) and 87.6±5.1% of individuals 

developed to adults, respectively; whereas only 14.9±3.4% of individuals developed to 

adults when fed L. erysimi. The developmental durations of C. carnea larvae were also 

significantly different among larvae fed the three aphid species. The developmental 
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duration from first stadium to adult emergence was shortest when larvae were fed             

A. gosypii (19.8±0.4 d), followed by M. persicae (22.8±0.2, d), and then L. erysimi 

(25.5±0.4, d). The total number of fourth stadium aphids consumed by C. carnea larvae 

differed significantly among individuals fed different aphid species. C. carnea consumed 

more A. gossypii (292.4) and M. persicae (272.6) than L. erysimi (146.4). Although total 

numbers of aphids consumed by the three C. carnea larval stadia differed significantly, the 

proportions of aphids consumed by each larval stadium to the total number of aphids 

consumed were similar, 3.9-7.1% by the first stadium, 12.0-16.8% by the second stadium 

and 78.1-83.0% by the third stadium. 

 

  Larval and cocoon periods were significantly affected due to variations in 

prey species, while the total developmental period of C. carnea (egg to adult) on different 

insect hosts ranged from 18.40 (C. cephalonica) to 21.35 days (A. craccivora). The 

survival of larva feeding on A. craccivora, D. melanogaster and C. cephalonica were 

51.85, 80.95 and 86.67%, while cocoon weight as 11, 22 and 8 mg, respectively. C. carnea 

adults laid a maximum of 1079.0 eggs/ female when reared on C. cephalonica, followed by 

D. melanogaster (582) and A. craccivora (172.8) eggs/ female (Tesfaye and Gautam, 

2002).  

 Adult food also play important role in the adult longevity and reproductive 

biology of insects for example, McEwen and Kidd (1995) investigated artificial foods 

comprising yeast products, sugar and water were sprayed in the field to increase numbers 

of naturally occurring lacewing populations. In laboratory experiments insects receiving 

only sugar solution lived significantly longer than those receiving diets containing both 
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sugar and yeast (P <0.05). The inclusion of yeast was required for egg production, but few 

eggs were produced on yeast solution alone. For maximum egg production, food 

containing yeast and sugar must be offered on more than one occasion. Compared with 

insects given a diet comprising yeast autolysate, sugar and water in the ratios 4:7:10, small 

but significant reductions in egg production rate were noted when the amount of either the 

yeast, or both the yeast and the sugar, was halved.  The implication of these findings for 

the field was that viscous foods must be offered on a regular basis for maximum 

effectivity.  

 

 Tesfaye et al. (2002) examined the effects of different combinations of 50% honey 

solution, castor pollens and yeast on the longevity, fecundity, reproductive age and other 

reproductive attributes of the predatory insect, C. carnea. The adult food supplements 

significantly influenced oviposition period, post-oviposition period and fecundity, while 

having no significant effects on preoviposition period and longevity of C. carnea. The 

highest number of eggs/ female (1245.2) was laid when adults were supplemented with 

baker’s yeast granules+50% honey (1069.2) and castor pollen+50% honey (450). The 

oviposition ranged from 6.14 to 27.11 eggs/ day when fed with different adult food 

supplements. The productive age of female was observed to reach up to 8, 9, 8 and 4 weeks 

when fed with baker’s yeast granules+castor pollen+50% honey, baker’s yeast 

granules+50% honey, castor pollen+50% honey and 50% honey, respectively. Saminathan 

et al., (2003), investigated the influence of prey density on the development period and 

predatory potential of C. carnea using two prey densities, 100 and 200 per day. The prey 

insects used were C. cephalonica eggs, A. gossypii on cotton, bhindi/ okra and guava,       
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A. craccivora on cowpea and groundnut, eggs and neonate larvae of E. vitella and            

H. armigera. The prey influenced in the total development period in all cases bearing the 

neonate larvae of E. vitella and H. armigera. The difference was not significant in the first 

instar larvae and the difference was observed in second and third instars larvae only. In all 

treatments, the predatory potential was high when the prey density was high. The 

difference was maximum on C. cephalonica eggs.           

 

 Nasreen et al. (2004) studied the effect of different quantities of host, Sitotroga 

cerealella eggs when combined with different numbers of predators, Chrysoperla carnea 

eggs, on the larval life of C. carnea under laboratory conditions. Larval length was found 

non significant in different treatments. However, maximum larval length was recorded in 

treatments with high food levels (48 and 60mg) and vice versa. The effect of treatments 

was significant on larval weight. High food levels (48mg and 60mg) with two and three 

eggs of predators had highest larval weight as compared to less quantity of host eggs per 

capsule. The larval period was found in the range of 10.17-12.67 days in different 

treatments. Prepupae of alfalfa leafcutting bee, Megachile rotundata (F.), were evaluated 

as a larval diet of the lacewings, C. carnea and Chrysopa oculata Say. Leafcutting bee 

prepupae were suitable for rearing lacewings: 90% of C. carnea eggs hatched and the 

larvae reached adulthood (Uddin et al., 2005). 

  

   The experiments on methods of mass production of Chrysoperla spp. 

started as early as 1940s, when Finney (1948) studied a method developing an insectary to 

supply Chrysopa spp. Finney (1950) modified previous methods and technique and 
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equipment to increase the output of eggs which had reached actual mass-production 

proportions. Hagen and Tassan (1965) first reported the use of artificial diets to rear 

reproductive adults of Chrysoperla carnea. The diets were composed of enzymatic protein 

hydrolysate of yeast, enzymatic protein hydrolysate of casein, choline chloride, ascorbic 

acid, fructose and water. Vanderzant (1969) developed an artificial diet and feeding 

methods for rearing Chrysopa carnea. The diet was based on casein hydrolysate, soy 

hydrolysate, yeast hydrolysate, sucrose, casein, K2HPO4, NaH2PO4.H2O, MgSO4.7H2O, 

FeSO4.7H2O, soybean, lecithin and oil, cholesterol, B-vitamins, choline, inositol and 

water. Both larvae and adults were fed on this diet for seven generations. Ridgway et al. 

(1970) described the mass rearing of green lacewing and they used natural prey and an 

artificial diet containing food wheast, sucrose and water for larval development. It was 

suggested that Sitotroga cerealella as host for rearing of green lacewing larvae was the 

most costly, which should be changed with good artificial diet.  

 

  Tulisalo and Korpela (1973) reared C. carnea adults in cylindrical plastic 

cages and provided with a mixture of protein hydrolysate (Yeast), sugar and water (5: 6: 

10) spread as a moist paste on the walls of the cage; they also had access to water on 

cotton-wool. Females laid an average of 700 eggs each 80-83% of the eggs hatched. 

Vanderzant (1973) made improvements in diets for rearing Chrysoperla carnea. A diet 

containing soy and casein hydrolysate was found satisfactory for rearing Chrysoperla 

carnea for 18 generations. Sucrose was substituted for fructose and replaced protein 

hydrolysate with 18 free amino acids including 10 essential ones. Arginine, histidine, 

isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine 
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were found indispensable for growth. Hassan (1974) reviewed recent experiments on the 

biological control of aphids and Lepidopterous larvae by means of Chrysopa carnea, of 

which the adults were either reared in the laboratory on artificial food and then released, or 

were induced by food-baits to migrate into the test area from natural populations 

elsewhere, Pseudococcus maritimus (Ehrh.) on pear, Heliothis spp. on cotton and Ostrinia 

nubilalis (Hb.) on maize. Hassan (1975) further described the mass-rearing methods of 

Chrysopa carnea, used successfully in Germany for 3 years.  The adults were fed on an 

artificial diet containing brewer’s yeast, honey and water and the larvae on eggs of 

Sitotroga cerealella, larvae of Plodia interpunctella (Hb.) and Mamestra brassicae (L.) 

(Barathra). Bigler et al. (1977) used three artificial diets in the laboratory in France for the 

rearing of the aphid predators Chrysopa carnea (Steph.) from the first instar. 

 

 Morrison (1977) described a simplified unit for mass rearing of C. carnea in 

which Masonite was replaced with verticells, covered with organdie on both sides, for 

mass-rearing larvae of Chrysopa carnea for 3 generations in the laboratory. The 500-cell 

disposable unit required the same amount of food per cell as did previous methods but 

produced about 30% more adults and required only about half as much labour. This unit 

produced 93% pupae and 95% adults. Hassan and Hagen (1978) developed an artificial 

diet for rearing larvae of Chrysopa carnea consisting of easily obtainable ingredients (5g 

honey, 5g sugar, 5g food yeast flakes, 6g yeast enzymatic hydrolysate, 1g casein enzymatic 

hydrolysate, 10g egg yolk and 68ml distilled water and tested by feeding to 3 successive 

generations of individually reared larvae until pupation occurred. Using this diet, larval 

development took 11.7 days as compared with 8.8 days by feeding on eggs of Sitotroga 
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cerealella (Ol.). Martin et al., (1978) evaluated an encapsulated diet, which was developed 

for rearing of green lacewing Chrysoperla carnea larvae. Size of capsules were similar to 

those of eggs of tobacco budworm, Heliothis virescence (F.), but considerably larger than 

those of eggs of Sitotroga cerealella. Tulisalo (1978) described improvements that were 

made in the mass rearing of C. carnea. The method was used to produce about 20 

generations in 2 years, about 25000 eggs of the predator were strewn on the floor of a 

cabinet 1.8m high, 0.75m deep and .75m wide in which Sitotroga cerealella was cultured 

as prey in suspended ‘combs’ containing a total of 10kg barley treated with an acaricide. 

Yazlovestsky et al. (1979) used machine-produced capsules enclosing artificial diet for 

mass rearing of C. carnea. The diets contained casein enzymatic hydrolysate, wheat germ, 

brewer’s yeast extracts, sucrose, sunflower lecithin, soybean oil, cholesterol, vitamin B12 

choline chloride and ascorbic acid. 

 

 Yazlovetsky and Nepomnyashchaya (1983) developed liquid artificial diets 

for mass rearing Chrysoperla carnea. These diets met the nutritional requirements of 

aphidophagous insects and could be microencapsulated. Gautam and Paul (1987) 

successfully reared the larvae of Chrysopa scelestes for 3 generations on an artificial diet. 

The larvae reared on the diet were comparable to those reared on the eggs of the laboratory 

host, Corcyra cephalonica. The diet could be stored at 5-10ºC for up to 38 days, without 

affecting the larval or pupal periods or adult emergence. Karelin et al., (1989) developed 

techniques for commercial mass-rearing of the predator Chrysopa carnea [Chrysoperla 

carnea] as a biological control agent. Changing the cage shape from cylindrical to 

rectangular increased production efficiency by 27-30%. Pal-Singh and Varma (1989) 
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evaluated the suitability of dead adults of C. cephalonica for mass rearing of C. carnea. 

Substitution of C. cephalonica eggs with dead adults resulted in substantial increases in 

larval and pupal durations of the predator and reductions in survival rate. It was concluded 

that dead adults of C. cephalonica provided inadequate nourishment for larvae of             

C. carnea. 

 

  McEwen et al. (1993) examined the effect of providing artificial honey dew 

consisting of yeast autolysate, sugar and water in the ratio of 4:7: 10, live prey (eggs of 

Ephestia kuehniella (Zeller) and water and live prey on the larval development and 

survival of green lacewing Chrysoperla carnea. Letardi and Caffarelli (1990) reared        

C. carnea for 5 generations on a liquid semi-artificial diet to study its effects on 

preimaginal development, mortality and female fecundity and longevity. The rate of larval 

development was very similar in each generation, but larval mortality increased from 

2.56% in the 1st generation to 29.41% in the 5th. Preimaginal mortality in the 5th generation 

was 58.82%. There was no reduction in female fecundity or longevity with each successive 

generation. No differences in the rates of development or mortality were detected between 

the offspring of each generation when they were reared on natural prey (eggs of Ephestia 

kuehniella). Cohen and Smith (1998) described a semisolid artificial diet for rearing larvae 

of a green lacewing, Chrysoperla rufilabris (Burmeister). Fifteen successive generations 

were produced using this diet for larval development and a yeast, sucrose and water 

mixture as the adult diet. The biological parameters on artificial diet were comparable to 

natural diet of Ephestia kuehniella eggs. Cohen (1993) characterised the trypsin-like 

enzymes in predaceous heteropterans.  
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Cold Storage 

 

 Tauber et al. (1993) observed that cold storage of C. carnea benefits 

biological control efforts by providing flexibility and efficiency in mass-production to 

meet peak seasonal demands for eggs or young larvae; an alternative method of shipping 

C. carnea to distributors who choose to harvest eggs (or young larvae) for sale; and a 

reserve supply of stock if insectary colonies fail or dwindle. Chang et al. (1995, 1996) 

reported that short and long-term storage (shelf-life) of diapausing Chrysoperla carnea 

adults could be achieved efficiently through manipulation of photoperiod, temperature and 

diet. Short-term storage (up to 10 weeks) was accomplished under short day lengths (LD 

10: 14-8: 16) at temperatures up to 21°C. Storage of 10-18 weeks was accomplished at 

relatively low storage temperatures (5-10°C). Lo'pez-Arroyo et al. (2000) indicated that 

newly laid eggs of the three species of lacewing can be held without hatching for 

approximately 2 weeks at 15.6°C and that storage of C. externa eggs can be extended to 3 

weeks at 12.8°C. These rcgimers offer short-term storage capability and relatively good 

post-storage quality. Chang et al. (2000) evaluated the shelf-life of four populations of the 

carnea biotype. Survival of diapausing adults during the first 18 weeks of storage was high 

among all four populations; adults from three populations also showed high survival after 

35 weeks of storage. A high incidence of females from all four populations laid some 

fertile eggs after being stored for up to 31 weeks or longer. 
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Effects of Radiation 
 

 Calderon and Gonen (1971) investigated effects of gamma rays, from a 

Co60 source on Ephestia cautella (Wlk.) adults. The radiation affected longevity, caused 

reduced fecundity and a high degree of sterility. Brower (1975) exposed Tribolium 

destructor (Uyttenboogaart) to gamma irradiation at 5-30 krad. Adult longevity was 

significantly reduced and sterility of both sexes was affected by doses of 10 krad and 

above. Ely and Jungreis (1977) studied the effects of X-irradiation upon Manduca sexta 

(Linnaeus) egg hatchability and larval survival using LD50S. Radiosensitivity declined with 

age in developing eggs (LD50 of 9.4 kR in 2.5 to 3-days eggs contrasted to 18.2 kR in 4 to 

4.5-day eggs) and in larvae. Begum et al. (1981) studied the effects of radiation on the 

pupae of Spilosoma oblique (Wlk.) exposed to 10, 20, 30, or 40 Krad from a Co60 source. 

Seal and Tilton (1986) studied gamma radiation on metamorphic stages of Dermestes 

maculates (DeGeer). The radiation of young pupae reduced percentage adult emergence 

and resulted in the production of deformed adults; the effects varied with the dose and sex. 

When newly hatched larvae of S. litura were treated with different gamma doses (1-7krad) 

suffered a reduction in the percentage of pupa formation and adult emergence. Besides, 

they exhibited a retarded development and affected growth index. Also, these larvae gave 

rise to malformed pupae and adults Seth and Sehgal (1987, 1988). Al-Taweel et al. (1989) 

investigated the inherited sterility induced in the Ephestia cautella males of two strains (A 

and B) irradiated as 5-6 old pupae. Significant differences were observed in the percent 

eggs hatch for both strains. Furthermore, sex ratio of F1 progeny favored males and the 

deviation from the expected 1:1 ratios increased with dose.  
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  Ahmed et al. (1998) treated male moths with 100 Gy as mature pupae 

responded well to gossyplure-baited traps. The attraction of male moths to irradiated virgin 

females decreased significantly with increasing doses of radiation. Male moths responded 

more readily to virgin untreated females than to irradiated females. Arthur et al. (1998) 

treated five day old pupae of Spodoptera frugiperda (JE Smith), with doses of 50, 100, 

125, 150 and 175 Gy. Irradiation of the parental generation induced different sterility 

levels in the offsprings. Female fall armyworms were more radiosensitive than males. 

When 9-10 d old pupae were irradiated with 200, 250 and 300 Gy, adult morphology, 

fecundity, fertility and egg hatch were slightly affected. Mating behaviour of irradiated 

males also was affected. A significant reduction of competitiveness was observed in males 

treated with ≤300 Gy (Dhouibi and Abderahmane, 1998). Daguang et al. (1998) treated 

mature Helicoverpa armigera (Hubner) female and male pupae with different doses of 

gamma radiation. Mating ability of both sexes was not affected by radiation. Treated 

females were highly sterile and laid significantly fewer eggs than untreated controls. 

Females treated with 300 Gy were completely sterile, while females treated with 250 Gy 

and 200 Gy still had minimal residual fertility.  

 

 Mansour (1998) reported that a dose of 150 Gy caused 100% sterility in 

females and significantly reduced fecundity and a dose of 350 Gy reduced male fertility to 

less than 1% in Cydia pomonella (L.). Radiation dosages up to 400 Gy had no adverse 

effect on male longevity or competitiveness in cages using laboratory reared moths. 

However, males exposed to a dose of 350 or 400 Gy mated fewer times than unirradiated 

males. Hamed et al. (2008) conducted gamma radiation studies to improve the existing 
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mass rearing capabilities for an egg parasitoid, Trichogramma chilonis Ishii and a predator, 

Chrysoperla carnea. Studies on C. carnea showed that feeding of irradiated prey eggs 

increased larval survival, fecundity and female sex ratio. Larval survival improved by 89% 

over the control when C. carnea was fed eggs irradiated with a dose of 45 Gy. The effects 

of radiation-treated prey eggs on survival and fecundity of C. carnea persisted in 

successive generations, but were considerably less in the F2 than in the F1 and P 

generations. At 45 Gy, fecundity was highest with 444 eggs/ female in the parent, 397 in F1 

and 311 in  F2 generations, whereas it decreased significantly at lower doses and in 

untreated eggs. 

 
 
Toxicity of Insecticides       
 

 Ferreira et al. (1989) evaluated some insecticides on larvae of Chrysoperla 

externa (Hagen) under laboratory conditions (25±2ºC, RH of 70±10% and 12 hours-photo 

phase). The compounds were used at commercial or research concentrations used to 

control oriental fruit moth, leaf roller and fruit fly on apple orchards. The products 

evaluated were: phosmet (Imidan 500 PM–200), methoxyfenozide (Interpid 240 SC– 60), 

tebufenozide (Mimic 240 SC–60), emamectin benzoate (Proclain 5 SG–15), spinosad 

(Tracer 480 SC–20), etofenprox (Trebon 100 SC–150) and chlorpyrifos (Lorsban 480    

BR–150), using water as control. Spraying of insecticides was on first-instar larvae using 

the Potter’sTower. The toxic effect of each product was estimated by the total effect (E) 

according to the IOBC recommendations. Emamectin benzoate was classified as harmless 

(class-1) to first-instar larvae of C. externa (Hagen) from Bento Goncalves. 

Methoxyfenozide, etofenprox, tebufenozide, spinosad and phosmet were classified as 
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slightly harmful (class-2) and chlorpyrifos was classified as harmful (class-4). Emamectin 

benzoate was harmless; fosmet was moderately harmful (class-3) and chlorpyrifos was 

harmful to the C. externa. Baspinar and Uygun (1992), studied the side effects of 

Fluvalinate and Fenitrothion on adults of Chrysoperla carnea in the laboratory and found 

that Fenitrothion had a greater effect on adults of C. carnea than Fluvalinate. 

 

   El-Magharby et al. (1994) studied the toxicity of cypermethrin, 

deltamethrin, fenpropathrin, fenvalerate, methomyl and kelthane-S against the egg stage 

and the 1st larval instar of C. carnea and found that deltamethrin was most toxic against the 

eggs ( LC90= 3.35 ppm) as compared with the safest compound kelthane-S (LC90 =144 

ppm); the toxicity of other compounds ranged between 17.6 and 109.2 ppm. The larval 

stages needed higher concentrations to achieve similar mortality percentages. Vogt (1994) 

studied the effect of seven insecticides on C. carnea by treating young dwarf apple trees on 

which larvae had been released. The insect growth regulators flufenoxuron, diflubenzuron, 

teflubenzuron and fenoxycarb were moderately harmful. Cyfluthrin was highly toxic while 

thiocyclam and phosmet only slightly affect the larvae. Duffie et al. (1998) evaluated the 

mortality of predaceous arthropods on cotton. Insecticide classes included representatives 

from the following: Insect Growth Regulator (IGR), Carbamates, Pyrethroid, 

Chloronictinyl and Organophosphate. The IGR had low toxicity while Carbamates were 

moderately toxic to the predaceous arthropods. Chloronicotinyl and Organophosphate 

classes were the most toxic causing dramatic reductions in predator numbers. Tilman and 

Mulrooney (2000) studied the effect of selected insecticides on the natural enemies in 

cotton fields and found that lambda cyhalothrin exhibited the greatest toxicity to the 
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natural enemies. However, spinosad slightly affected the natural enemies. Three novel 

insecticides spinosad, tebufenozide and azadiractin were tested against eggs and pupae of 

Chrysoperla carnea. Only azadiractin caused a slight reduction in the number of pupae and 

adults, however, fecundity and fertility of surviving adults was normal (Medina et al. 

2001). The toxicity of thiodicarb, methomyl and emamectin benzoate against predators of 

sucking insect pests of cotton was observed. Emamectin benzoate was relatively safer to all 

stages of tested predator species than thiodicarb and methomyl (Sechser and Ayoub 2003). 

 

Field Releases 

 

  Chrysoperla carnea are commonest species of Chrysoperla, adults are 

predacious, but prefer pollen, honey-dew and secretions of plants and trees. C. carnea 

attacks 80 species of insects and 12 species of tetranychid mites. It has 3-4 generations 

annually and over winters as an adult, in buildings or under bark or leaves. Cannibalism is 

common among larvae of C. carnea. The egg and pupal stages of Chrysopidae are less 

susceptible to the effect of insecticides than are the early larval and adult stages (Kaitazov 

and Kharizanov, 1976). Bar et al., (1979) studied the effectiveness of Chrysoperla carnea 

as an important predator of Heliothis armigera in cotton fields. The predator existed 

throughout the occurrence period of H. armigera. C. carnea fed on the eggs and very 

young larvae of the H. armigera. Gurbanov (1984) attempted three releases of 3-4 days old 

eggs and 1st and 2nd instar larvae of C. carnea for controlling the sucking pests and 

Heliothis armigera in cotton field. The three releases were made at predator: prey ratio of 

1:1. A week after the 1st release, the abundance of Aphis gossypii, the thrips and spider 

mites, eggs and larvae of Heliothis sp. had fallen by 98.5%, 95%; 100% and 50% in the 
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same sequence. The second and third release caused even greater reduction in the pest 

population.  

  Pari et al. (1993), released Chrysoperla carnea against infestations of the 

aphids, Macrosiphum euphorbiae (Thomas) and Chaetosiphon fragaefolii (Cockerell) at a 

density of at least 20-larvae/ linear m of each paired row. The biological control techniques 

gave satisfactory results. Sengonca et al. (1995) analyzed the influence of egg releases of 

C. carnea on the population development of Aphis fabae on sugar beet at various predator-

prey ratios (1: 15, 1: 10 and 1: 5) under both laboratory and field conditions. Under field 

conditions, a predator-prey ratio of 1: 5 provided satisfactory protection for a period of 

approximately two weeks with less than 10.0 average numbers of aphids per plant. Quentin 

et al. (1995) studied the efficiency of Aphidius matricariae (Haliday), Aphidoletes 

aphidimyza (Rondani) and Chrysoperla carnea in controlling aphid species, Aulacorthum 

solani (Kaltenbach), Macrosiphum euphorbiae (Thomas), Nasonovia ribisinigri (Mosley) 

and Myzus persicae (Sulzer) in green house. All predators and parasitoids did not give 

satisfactory control to aphids. Only application of C. carnea resulted in reasonable aphid 

control. Daane et al. (1996) examined the effectiveness of inundative release of C. carnea 

to suppress 2 vineyard pests, Erythroneura variabilis (Beamer) and E. elegantula 

(Osborn). C. carnea larvae were hand-released into quarter-vine cages. Leafhopper 

densities were significantly reduced by 23.5 and 30.3% in plots that received 29652 and 

88956 C. carnea larvae/ ha, respectively, as compared with no-release plots. A significant 

position correlation was found between release rate and effectiveness. There was also a 

greater reduction of leaf hopper nymphs when chrysopids were released as larvae as 

compared with eggs. 
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  Legaspi et al. (1996a) studied the effect of various release rates of 

Chrysoperla rufilabris (Burmeister) on control of Bemisia argentifolii (Bellows) inside 

field cages in organically grown watermelon and in Lablab purpureus (L.), a leguminous 

forage crop, in Texas. Second-instar larvae of C. rufilabris were released at rates of zero 

(control), 10, 25 and 50/ cage (0.37 m2 area). Whitefly counts were made prior to release 

and compared with those taken 48h after release of the predator. In the watermelon field, 

the control had approximately 35% more whiteflies over the entire season as compared to 

the predator treatment. Albuquerque et al., (1994) worked on potential of C. externa in 

biological control at insect pests. Legaspi et al., (1996b) investigated tri-trophic 

interactions among host plant, B. argentifolii and the predatory Chrysopids C. rufilabris 

and C. carnea in the laboratory at 27ºC, 50-60% RH. and L: D 14: 10. Females of            

B. argentifolii avoided ovipositing on leaves on which larvae of C. rufilabris were 

previously located. This tendency appeared to increase with increasing exposure time of 

the predators on leaves. B. argentifolii reared on cantaloupes [melons] and cucumber 

appeared to be better quality prey than those reared on poinsettia or lima bean [Phaseolus 

lunatus (L.)]. Predators that fed on B. tabaci reared on cucumber and melons developed 

more rapidly, showed increased survival and weighed more as newly-emerged adults, 

compared to those reared on poinsettia and P. lunatus. Predators feeding on B. argentifolii 

reared on poinsettia and P. lunatus did not survive to the pupal stage. 

 

  Atakan (2000) studied within plant distribution of Chrysoperla carnea in 

cotton fields. High population of D. pallens and C. carnea were associated specifically 

with Aphis gossypii during the early cotton growing season. Badgujaret et al., (2000) and 
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Hemagirish et al., (2001) carried out the experiment to evaluate the effective stage and rate 

of releases of Chrysoperla carnea against safflower aphid, Dactynotus carthami (HRL.). 

Larval releases of C. carnea at 2 or 3 larvae at the population level of 10 or 20 aphids per 

shoot reduced the population between 40 to 50%. Egg releases of C. carnea did not help in 

satisfactory reduction of aphid population. 
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CHAPTER  - III 
 
 
 

MATERIALS AND METHODS 
 

 
 
3.1 Effect of different Hosts on Biology of Chrysoperla carnea  

 
 

 Biology of Chrysoperla carnea on five natural hosts was studied in Bio-

control laboratory, Nuclear Institute of Agriculture (N.I.A.) Tando Jam (Plate-2). The 

natural hosts were: cotton aphids, Aphis gossypii (Glov.) (nymphs/ adults); American 

bollworm, Helicoverpa armigera (Hb.) (eggs); Pink bollworm, Pectinophora gossypiella 

(Saund.) (eggs); Pink hibiscus cotton mealybug, Phenacoccus solenopsis (Tinsley) 

(Pseudococcidae: Homoptera) (nymphs) and Angoumois grain moth, Sitotroga cerealella 

(Oliver) (frozen eggs). The eggs of first four hosts were collected from cotton field of 

Institute and reared in laboratory for experimental purpose on natural diet; while eggs of   

S. cerealella were taken from laboratory culture maintained for this purpose were provided 

to the larvae of C. carnea under control condition at (26±2°C; 65±5% R.H) (Plates 3 and 

4). This experiment had eight replications and each treatment consisted of 50 individuals.  

 

 All biological parameters including egg incubation, larval and pupal period 

(days), and total food consumption, pupal and adult survival, longevity of male and female 

(days), pre, post and oviposition (days) and fecundity per female with percent fertility were 

recorded daily. 
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  To avoid cannibalism, newly hatched (2 hrs old) larva was kept singly in 

glass vials (2.5 cm diameter and 8.5 cm length) covered with black muslin cloth, was 

offered weighed host till pupation; same procedure was used in mixed host diet. 

 

  The period of time from egg laying to hatching was considered incubation 

period; from hatching till spinning of cocoon was designated the larval period and from 

cocoon formation and coming out from pupal case as pupal period. The time after 

emergence of adults and start of oviposition was considered as pre-ovipositional period, 

the period of egg laying was considered oviposition and post-oviposition period of female 

was recorded as period between the days of female ceased egg laying to the day of death. 

To study the percent hatchability, eggs were harvested with razor and separated along with 

black muslin cloth, counted and kept for hatching. 

 

  Two day old virgin adults were paired in the rearing glass chimney (4cm x 

7.5 cm), provided with standardized adults’ diet on hard paper card and wet cotton placed 

in glass vials in chimneys. The period of survival of each male and female was recorded 

regularly in order to record longevity (days) and total number of eggs laid by each female 

during their oviposition period were recorded. 

   

  In mixed host diet all weighed five hosts were given in combination in glass 

vials (2.5 cm diameter and 8.5 cm length) covered with black muslin cloth piece. The 

larvae were fed with eggs/nymphs in these jars till pupation. The developmental period of 

the immature stages and all parameters were recorded daily. Data collected on fecundity, 
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fertility, incubation, larval instars, pupal period and other various aspects of predator 

biology were subjected to analysis of variance and the treatment means were compared 

using Duncan’s Multiple Range Test (Gomez and Gomez, 1984) with the help of 

MSTATC computer software as analyzing tool.  

 
 
3.2 Predatory and feeding potential of larvae of Chrysoperla carnea for different 

Hosts under laboratory 
 
 

 Predatory efficiency of Chrysoperla carnea on four natural hosts was 

studied in Bio-control laboratory of Nuclear Institute of Agriculture (N.I.A.) Tando Jam. 

The natural hosts were: cotton aphids, (nymphs/adults); Pink hibiscus cotton mealy bug, 

(nymphs); Pink bollworm (eggs); Angoumois grain moth, (frozen eggs) and American 

bollworm (eggs). The eggs/ nymphs of hosts were collected from cotton field of Institute 

and reared in laboratory for experimental purpose. Angoumois eggs were also obtained 

from culture maintained in the laboratory. 

 

 The effect of food consumption on predation by instars, larval growth and 

development time were studied in the laboratory at controlled condition (26±2°C; 65±5% 

R.H). (Plat 5).   
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PLATE-1   VIEW OF CHRYSOPERLA CARNEA MASS REARING LABORATORY 
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Mass rearing of Trichogramma chilonis
Lab view

                                                                            
         
       
PLATE-2      REARING OF HOST APHIDS AND MEALYBUGS 
 
 
 
 
 
 
 
 
 
         
 
 
 
 

 
 
 
 
  
    
 
 
 

PLATE-3 REARING OF HOST S. CEREALELLA AND ARTIFICIAL DIET 
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  Lacewings: C. carnea larvae were obtained from laboratory-reared adults. 

The feeding efficiency of all larval instars of C. carnea was recorded daily and total 

consumption data were also recorded. Observations were also recorded on all biological 

parameters like larval/ pupal period, pupation, emergence, male/ female ratio; longevity 

and pupal weight. The newly hatched (2 hrs. old) larvae were selected randomly and 

transferred to clear glass vials (2.5 cm in diameter, 8.5 cm in length) with a fine camel hair 

brush. Each lacewings larva was examined daily for development and survival. The 

experiment was replicated eight times and 10 C. carnea larvae were used in each replicate.  

 

  Aphids and Mealybugs: Aphis gossypii and mealy bugs were collected 

from cotton field, at the research farm of Nuclear Institute of Agriculture, Tando Jam. All 

aphids (nymphs and adults) and mealy bugs (nymphs) were maintained in glass jars at 

26±2°C, 60±5% relative humidity, in the laboratory on cotton. The lacewings larvae were 

provided a predetermined number of the fresh nymphs/ adults of aphids and mealy bugs 

separately in glass vials (2.5 cm diameter, 8.5 cm length) covered with black muslin cloth. 

Wet cotton was placed on the top. Counted number of both the hosts were introduced with 

a fine brush in vials. Only the first to third instars of mealy bugs were used in all 

experiment because the adults were disliked by C. carnea larvae. The counted numbers of 

nymphs/ adults were given to C. carnea larvae, after 24 hrs the remaining individuals were 

removed from the vial and counted. Fresh host nymphs/ adults were provided to larvae till 

pupation. 

  Angomoius grain moth: The host Angomoius grain moth eggs were 

obtained from the culture maintained on wheat grains in the laboratory in controlled 
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temperature 26±2°C and 60±5% R.H. The counted number of eggs of the Angomoius grain 

moth was offered to C. carnea larvae. After 24 hrs the remaining eggs were counted and 

replaced with new eggs, which were first exposed to 7°C in refrigerator to kill the embryo 

for 24 hours before using for the experiment.  

 

  Pink bollworm and American bollworm: The eggs of both insects were 

obtained from Bio-control laboratory of Nuclear Institute of Agriculture (NIA) Tando Jam 

under controlled conditions. Rearing is running under another project of the Bio-control.   

 
3.3 Development of larval artificial diet for Chrysoperla carnea 
 
 
  Diet preparation: To enhance the larval efficiency for mass rearing, 

different diet combinations based on Cohen’s diet (1998) were tested in laboratory, shown 

in Table-3.1. All ingredients were weighed carefully. In diet no: 1 agar was used to solidify 

the diet, in diet no: 2 Brewer’s yeast was added to enhance the fecundity while in diet no: 3 

ground beef and ground beef liver was replaced by beef powder and beef liver powder, 

agar, Brewer’s yeast and vitamin solution were replaced. In diet no: 2, the ground beef and 

ground beef liver is cut in pieces and put in refrigerator for 24 hours, then the mixture of 

meat, honey, water, preservatives (including antibiotics), and brewer’s yeast were blended 

in a food processor prior (Anex) to addition of the hen egg (put in boiled water for 3-4 

min). In a 5-L beaker, 25ml of water was heated to about 80-90ºC, 15g sucrose, 5.0ml of 

acetic acid and antibiotics were added and stirred until the sugar was dissolved. Then 100g 

of blended whole eggs was added and stirred constantly until eggs had gelled but were of a 

stringy, sticky consistency. All ingredients were blended for 6-8min until the entire 



 35 

mixture was of a stringy paste-like consistency. At this point the mixture was a soft solid 

that was wet to the touch, but it retained any shape given to it. After that the diet was ready 

to be given to larvae in plastic tubes sealed from both ends by impulse sealer; the diet was 

changed after three days as in the case of S. cerealella eggs.                      

 

 To standardize the diet, several changes were made in formulation. In diet 

no: 1, first boiled eggs were used and ground beef and ground beef liver were simply used; 

after preparation, diet was very liquid so therefore, in diet no: 2, eggs were put in boiled 

water for 3-4 minutes and also ground beef and beef liver were kept in oven for a few 

minutes to drain out excess water, then used in diet, likewise agar 20gm was used in diet 

no: 1, to solidify the diet but larvae disliked that diet, also dislike the diet no: 3, in which 

beef powder and beef liver powder were used. These changes were made because these 

represent important improvements that will have bearing on the success of future research 

(Plates 5, 6, 7). 

  

 C. carnea larvae were obtained from adults reared on the eggs of S. 

cerealella. After hatching, newly emerged (< 2 hrs) unfed larvae were placed individually 

in finely perforated transparent plastic tubes (3mm diameter, 100 mm long), sealed from 

both ends with the help of impulse sealer. Diet (2.5g) was injected with the help of 

disposable Syringe. The method reported here involved (feeding methods). The diet was 

changed after every 3rd day. After completion of larval period, pupae were obtained by 

carefully cutting the sealed ends of tube. Pupae were kept in glass Petri dishes for adult 

emergence with a few Medicago sativa leaves to provide moisture to the pupae. 
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 After adult emergence, virgin male and female paired and kept in glass 

chimneys for egg laying. Observations were recorded on percent larval and pupal survival, 

adult emergence and fecundity. Adults were provided diet on paper cards and water soaked 

in cotton wool inside chimneys. Eggs were collected daily through out the oviposition 

period of females. For every diet 20 insects were tested per treatment replicated eight 

times. There were eight replications for fecundity test. The data collected on above all 

parameters, were subjected to analysis of variance and the entire treatment means were 

compared using Duncan’s Multiple Range Test (Gomez and Gomez, 1984) with the help 

of  MASTATC computer software.   

 

3.4 Comparision of natural and an artificial larval diet for their effect on biology 
of Chrysoperla carnea under laboratory conditions 

                                                                                                                                                                          

 A colony of Chrysoperla carnea was initiated from Sitotroga cerealella 

(Olivier) eggs (Plate-6A), reared on an artificial diet continuously (Plate-6B) to improve 

the mass production technology of C. carnea. Frozen eggs of S. cerealella were used as a 

natural diet in this study, provided in transparent plastic tubes and compared with artificial 

diet. The experimental conditions were kept at 26±2°C, 65±5 % RH with a photoperiod of 

L: D 16: 8. Effects of artificial diet on biology of parent and from Fı to F6 generations 

were compared. 
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PLATE-4 CHRYSOPERLA CARNEA PREYING ON    DIFFERENT 
HOSTS. 
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Table- 3.1 Composition of different artificial larval diets of C.  carnea. 

       
S.No: Ingredients Diet No:1 Diet No:2 Diet No:3 

1 Ground Beef 100gm 100gm - 

2 Ground Beef Liver 100gm 100gm - 

3 Beef Powder - - 100gm 

4 Beef liver Powder - - 100gm 

5 Hen Eggs 80gm 100gm 80gm 

6 Sucrose (sugar) 10gm 15gm 10gm 

7 Honey 20gm 25gm 25gm 

8 Brewers Yeast - 12gm - 

9 Propionate 0.5gm 0.6gm 0.5gm 

10 Potassium Sorbate 0.5gm 0.6gm 0.5gm 

11 Streptomycin 
Sulphate 

0.1gm 0.1gm 0.1gm 

12 Chlortetracycline 0.8gm 0.1gm 0.1gm 

13 Agar 20gm - 15gm 

14 Distilled Water 20ml 20ml 25ml 

15 Acetic Acid 04.0ml 05.0ml 05.0ml 

16 Vitamin Solution 05ml 10ml - 
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   A      B  

PLATE-5 NATURAL AND ARTIFICIAL DIETS OF CHRYSOPERLA CARNEA 
 

 

             
   A      B 

PLATE-6 PLASTIC TUBES OF NATURAL AND ARTIFICIAL LARVAL 
DIETS OF CHRYSOPERLA CARNEA 

 
 

            
   A      B 

PLATE-7 CHRYSOPERLA CARNEA PUPAE DEVELOPED ON NATURAL 
AND ARTIFICIAL DIETS AS LARVAE. 

  
 (A= natral diet; B= artificial diet) 
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 Newly hatched (< 2 hrs) first instar, single larva was kept in a finely 

perforated transparent plastic tube (3 mm dia and 100mm long) provided with diet, sealed 

from both ends with impulse sealer. Fifty unfed larvae were placed individually in 

transparent plastic tubes individually with weighed 2.5gm of frozen eggs of S. cerealella 

and with the same amount of artificial diet. Diet was changed after every third day till 

going of larvae into pupation. After completion of larval period, pupae were harvested with 

the help of scissors from plastic tubes and kept in glass Petri dishes (1.5 cm hieght with     

9 cm diameter) with fresh green leaves of Medicago sativa to maintain moisture and 

humidity inside Petri dish. After 6-7 days these Petri dishes were put in cages for adult 

emergence. The biological parameters such as (larval/ pupal) period, percent larval and 

pupal survival, male/female emergence percent, longevity and weight of larvae, pupae and 

adults were recorded. Each treatment was replicated eight times.   

 

 All emerged adults were counted and identified after 3rd day of emergence. 

After emergence identified adults were paired and placed in individual medium sized glass 

chimneys (10.2 cm high having 7.9 cm lower end and 6.6 cm upper end diameter), used as 

oviposition cages for single pair of adults. Eight replications were made to record the 

maximum mean egg laying from both treatments. 

  

3.5 Effect of larval density on cannibalism and larval survival of chrysoperla 
carnea under laboratory conditions 

  
 
  For controlling cannibalism during mass-rearing of C. carnea larvae, an 

experiment was conducted to study larval survival, larval/ pupal period in days, percent 

survival to pupation, adult emergence and pupal weight, under laboratory conditions at 
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(26±2°C; 65±5% R.H). The density regimes tested were: 20, 40, 60, 80 and 100, larvae per 

Petri dish (15.0 dia; 2 cm height). Neonate larvae (< 2 hrs) of C. carnea were introduced in 

Petri dishes. Frozen eggs of S. cerealella were used as diet. Packing material shreds were 

introduced in Petri dishes along with food to reduce larval contact with each other and 

avoid cannibalism (Sgobba and Zibordi, 1985). Larvae were able to complete their 

development in each density. Diet was supplied after every 24 hours. Eight replications 

were made in each treatment.   

 

 Larvae were examined each day to determine survival and larval and pupal 

stadia. Pupal weight was recorded 2 days after going into pupation. Sex was determined 

within 2-3 days of adult eclosion. The collected data were subjected to analysis of variance 

and all the treatment means of above parameters were compared using Tuky HSD test with 

the help of MASTATC computer software. 

 
 
3.6 Effect of temperature on the biology of chrysoperla carnea under laboratory 

conditions  
 
 

  The effects of temperature on biology of C. carnea were investigated under 

laboratory conditions. The data were recorded on different temperatures i.e. 24±2, 26±2, 

28±2, 30±2 and 32±2°C in the laboratory with 65±5% R.H. Newly laid (< 2 hrs) eggs were 

kept folded black cloth in plastic boxes (15x10x3cm) placed in illuminated cool incubator 

(Gallen hemp), to record their incubation period. Observations were recorded daily at 9.00 

hrs and the number of eggs hatched were recorded. Newly hatched (< 2 hrs) larvae from 

laboratory culture were used in this study. Larvae were placed individually in finely 
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perforated transparent plastic tubes (3mm diameter, 100mm length) provided with S. 

cerealella eggs as food. Food was changed after every third day till pupation. The 

following parameters were measured to record the data; incubation period, fecundity, 

fertility, pupation, larval/ pupal period in days, emergence, male/female ratio and longevity 

of adults. Newly emerged, mated couples (male/ female) were placed in glass chimneys (4 

x 7 cm). Diet was supplied twice a day in droplets on paper cards (2 x 3cm) and wet cotton 

was used in vials for water until death of adults. Fifty eggs and fifty first instar larvae were 

tested per treatment. The experiment was replicated eight times. All data were collected 

daily, monitoring and counting the number of eggs laid, survival, pupation, larval/ pupal 

period and adults’ longevity.  

 
 
3.7 Effect of storage temperature on the shelf-life extension of different stages of 

chrysoperla carnea   
 
  

 To study the effect of storage temperature on increasing the shelf life of 

various life stages of C. carnea to be used in biological control of insect pests, an 

experiment was conducted at different temperature regimes i.e., 5, 7, 9, 11, 13 and 15°C. 

All four stages i.e. eggs, larvae, pupae and adults were stored in illuminated cool incubator 

(Gallen hemp). After a week individuals from each stage of C. carnea for a temperature 

regime were taken out from incubator and kept in laboratory controlled temperature 

(26±2°C) with 65±5% R.H) to continue their remaining life cycle processes. A control 

treatment was run for comparison. This experiment was replicated eight times and ran for 

four weeks. 
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  Storage of eggs: Eggs were obtained from adults reared under laboratory. 

Hatching percent of C. carnea eggs were determined at above mentioned temperature 

regimes. For each temperature regime 800 eggs were kept in glass Petri dishes (1.5cm high 

with 9cm diameter) in cool incubator. After a week 25 eggs from each treatment were 

placed in laboratory temperature (26±2°C) for recording percent hatching and was 

compared with control temperature (26±2°C).  

 

  Storage of larvae: Different instar larvae (1st , 2nd and 3rd) of C. carnea 

were kept individually in transparent plastic tubes (3 mm diameter and 100 mm long) 

provided with S. cerealella eggs. C. carnea larvae received a constant surplus of S. 

cerealella eggs and placed in plastic trays were stored in cool incubator, for investigation 

at various temperatures. After a week 25 larvae were taken out per treatment from 

incubator and placed in laboratory temperature (26±2°C) for four weeks. Post storage 

survival and biology of C. carnea were recorded.    

 

  Storage of pupae: Pupae of C. carnea were stored in incubator at various 

temperature regimes mentioned above. After every week, 25 pupae were taken out per 

treatment from incubator and placed in a laboratory at (26±2°C) for adult emergence for 

four weeks. A control treatment was run for comparison.  

 

  Storage of adults: For the storage of adults, fresh three days old virgin 

adults paired in glass chimneys were placed in cool incubator. After every week eight pairs 

were taken out per treatment from incubator and kept in laboratory at (26±2°C) to record 
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their biological parameters. For every temperature regime the same procedure was applied 

for four weeks of storage and compared with control.  

 
3.8 Mass rearing of chrysoperla carnea larvae 

 

 Different methods of larval rearing were tested for mass rearing of             

C. carnea, such as, transparent plastic tubes (3 mm diameter and 100mm long), Perspex 

tray (wells of 5mm in dia and 5 mm in depth) and transparent gelatine capsules (500 mg). 

In this regard eight replications of each technique were tested.  

 

  Transparent Plastic Tubes: In this technique transparent plastic tubes 

were used, sealed from one side with the help of impulse sealer, before tubing, to reduce 

the moisture, tubes were finely perforated content holes were made in tubes with common 

pin. Weighed frozen eggs of S. cerealella were placed inside tube and single larva of        

C. carnea was introduced in a tube with the help of fine camel hair brush and then sealed 

the other end of tube with impulse sealer. Diet was changed after 3rd day of introduction of 

C. carnea larvae.  Pupae were harvested without any physical handling by cutting both 

ends of tube gently with the help of scissors and placed in covered glass Petri dishes. Fresh 

Medicago sativa leaves were provided in Petri dishes for moisture. After 6-8 days these 

Petri dishes were placed in cages for adults’ emergence (Plate 8).  

 

  Transparent Perspex Sheets: Three sheets (17.5cm width, 22.5cm length 

and 0.5cm thickness) were used in this method; wells (5mm in diameter) were present in 

all the sheets.  Piece of black muslin cloth was placed on top of sheet then second sheet 

was placed after that weighed frozen eggs of S. cerealella (1g) and two days old eggs of C. 
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carnea (0.03 g) were mixed and randomly (0.005 mg) shifted in the wells with the help of 

fine camel hair brush which were covered again with black muslin cloth piece and then 

third sheet was placed on top and fixed with screws. Diet was provided after every 3rd day 

up to pupation.  The pupae were harvested with the help of fine forceps and placed in 

covered glass Petri dishes. Fresh Medicago sativa leaves were provided in the dishes for 

moisture. After 6-8 days these Petri dishes were placed in cages for adults’ emergence 

(Plate 9).  

 

  Transparent Capsules: Capsules of 500 mg capacity were used for 

culturing C. carnea. Mixture of weighed frozen eggs of S. cerealella (1g) and two days old 

eggs of C. carnea (0.03 g), were randomly introduced in capsules with the help of fine 

camel hair brush, and covered with second part of capsule. These capsules were kept in 

glass Petri dishes. After 15-18 days these capsules were opened and the larvae, which 

pupated, were placed in glass Petri dishes along with the part of capsule and Medicago 

sativa leaves to maintain moisture inside Petri dish for adult emergence. The remaining 

larvae, which did not pupate, were again kept in new capsules with diet till pupation (Plate 

10, 11). 

 
3.9 Comparative performance of field collected v/s laboratory cultured 

chrysoperla carnea under laboratory conditions 
 
 
  To investigate the biological performance and predatory efficiency of C. 

carnea, laboratory mass cultured population compared with field population an experiment 

was conducted in laboratory under controlled conditions (26±2°C) with 60±5% R.H. 
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Healthy pupae were collected randomly from cotton field and were compared with 

laboratory cultured pupae selected at random from laboratory culture. After emergence of 

adults, adults were paired in glass chimneys separately covered with black muslin cloth 

piece. Standard adult diet was provided on paper cards and wet cotton was used in glass 

vials.  Eggs were harvested daily with sharp razor blade from cover as well as from the 

walls of chimney and counted. Harvested eggs were kept in black cloth piece for hatching. 

After hatching, neonate larvae were kept in finely perforated transparent plastic tubes 

(3mm x 100cm) and provided with frozen eggs of S. cerealella; tubes were sealed from 

both ends with the help of impulse sealer. Larvae were allowed to develop. Diet was 

changed after 3rd day. After pupation, pupae were harvested carefully, kept in covered 

glass Petri dishes till emergence. All biological parameters such as number of eggs laid, 

incubation period, hatching percentage, larval and pupal period, pupal percentage, adult 

emergence, sex ratio and male female longevity were recorded. Data were recorded from 

twenty five pupae per treatment replicated eight times.         
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PLATE-8 LARVAL REARING OF CHRYSOPERLA CARNEA IN 
TRANSPARENT PLASTIC TUBES 
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PLATE-9 LARVAL REARING OF CHRYSOPERLA CARNEA IN 

TRANSPARENT PERSPEX TRAYS 
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            PLATE-10          LARVAL REARING OF CHRYSOPERLA CARNEA IN 
                                        TRANSPARENT CAPSULES 
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       PLATE-11          PUPAL RECOVERY OF CHRYSOPERLA CARNEA IN 
                                   DIFFERENT REARING METHODS 
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3.10 Influence of different proteins in atrtificial adult diet on biological parameters 
of chrysoperla carnea under laboratory conditions 

 
  

 To select the suitable protein and its proper dose for mass-rearing of          

C. carnea, different proteins such as Casein, Nu lure, Protein Hydrolysate and Torula 

yeast, in different concentrations (1, 3, 5 and 7gm and ml per diet) were compared with 

standard diet containing sucrose (5 mg), brewers yeast (1g), honey (1g) and water (40 ml) 

in laboratory under controlled conditions (26±2°C; 65±5% R.H.).  

 

 Newly emerged laboratory reared adult male and females were paired in 

glass chimneys covered with black muslin cloth piece; diet was provided in droplets on 

paper cards in the glass chimneys, water was provided in impregnated cotton in glass vials. 

All chimneys were observed daily until adults were alive. Observations were recorded on 

the effect of different proteins and their concentration in adult diet on fecundity and 

fertility of eggs, pre-oviposition, oviposition and post-oviposition period. Eggs laid were 

allowed to develop and observations were recorded on incubation period, larval and pupal 

period, developmental time, egg to adult survival, percent female and pupal weight of F1 

generation. The fecundity and fertility of parent and F1 generation C. carnea were 

determined from eight replications. While larval and pupal period, development time, egg 

to adult survival, percent female and pupal weight was determined from 25 insects per 

treatment replicated eight times.   
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3.11 Effect of substrate colour on egg laying performance of chrysoperla carnea 
under laboratory conditions 

 
 
  An experiment was conducted in laboratory, to evaluate substrate colour 

preference of C. carnea for egg laying. Newly emerged male and female C. carnea were 

paired and confined in glass chimneys (4cm x 7cm) as cages covered with different 

coloured cloth pieces such as white, green, black, brown, yellow and pink colours. Females 

were allowed to mate and lay eggs for 20 days. Wet cotton was used for water in glass 

vials inside the chimneys while adult diet was provided in drops on cards of 2x3 cm. Eggs 

laid on the cloth piece and inner side of rearing chimney were collected and counted 

carefully. This experiment was replicated eight times (Plate 12). 

 

3.12 Effect of sex-ratio on reproductive performance of chrysoperla carnea 
under laboratory conditions    

 
 

 The effect of sex ratio on reproductive performance of C. carnea was 

studied in laboratory at 26±2°C with 65±5% R.H. This experiment had ten treatments, in 

every treatment number of females were increased viz:- 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 

1:9 and 1:10, and in vice versa sex ratio the number of males were increased in each and 

every treatment with one female i.e., 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1 and 10:1. 

Newly emerged adults were placed individually in glass chimneys alongwith diet. After 

four days, virgin adults were paired in glass chimneys (7cm x 4cm) in above-mentioned 

ratios and covered with black colour muslin cloth piece. Diet was provided on hard paper 

cards (5mm x 6mm) in droplets and water was provided with wet cotton impregnated in 

glass vials. The eggs laid by individual females of each treatment were checked daily. The 
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eggs laid on cover or on the inner side of the chimneys were harvested with razor. 

Observations on the fecundity and fertility of eggs were recorded daily. The experiment 

was replicated eight times.  

 

  The data collected on all above parameters, were subjected to analysis of 

variance and all the treatment means were compared using Duncan’s Multiple Range Test 

(Gomez and Gomez, 1984) with the help of MASTATC computer software.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 54 

 

 

 

 

     

 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PLATE-12 EFFECT OF VARIOUS COLOURED SUBSTRATES ON 
OVIPOSITION AND EMERGENCE OF CHRYSOPERLA  CARNEA. 

 
 
 
 

 

 



 55 

3.13 Mass rearing of Chrysoperla carnea adults 
 

  For mass rearing adults of C. carnea, three types of cages were used, to test 

the better egg production unit. Time required for egg harvesting, food provision, and the 

time spent on the sanitation of cages for maintaining the healthy culture was recorded for 

different types of cages. Shifting of adults from one cage to another and particularly egg 

harvesting and cleaning was difficult to perform.  In view of above difficulties, adult cages 

were designed with the objectives to avoid the use of anaesthesia or vacuum suckers to 

reduce labour involved in sanitation, feeding and harvesting of eggs and to ensure proper 

light and ventilation inside the cage. The following designs were tested:    

 

  Transparent Perspex Cages: Adults of C. carnea were reared in these 

cages for testing the eggs laid on substrate and drifted and laid on other structures.  The 

cage was made up of three (5 mm) sheets (40x40 cms); one in lower surface and two for 

side walls, the front side was made of plastic net with replaceable top lid of wooden piece 

covered with black muslin cloth. Only one rounded whole of 7.5 cms in diameter was 

made in front side for food provision and cleaning of cage, an iron rod was patched with 

glue (Smad bond®), which was covered and stitched with white muslin cloth sleeve; both 

the ends of sleeve were open for sanitation, provision of food and water and release of 

newly emerged insects.   

 

  Transparent Glass Cages: Shape of the cage resembled with Perspex cage, 

except that the cage was transparent made of glass (40x40 cms), covered with black muslin 

cloth directly as egg laying substrate at the ceiling of the cage without any use of wooden 
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sheet, pinned tightly with common paper pins from four ends which was easy to change 

the cover, without any escape of adults’. The front side had a hole for handling of insects 

which was covered by white muslin cloth sleeve. Moisture was maintained by placing wet 

cotton wig in glass vials. There was no need to shift the adults during food and water 

provision and for sanitation.   

 

  Wooden Cages: These cages were made of wood (40x40 cms), with net on 

four sides; base was wooden sheet while lid was replaceable wooden sheet, covered with 

black muslin cloth. A hole of 7.5 cms was made for sanitation, provision of food and water 

and release of newly emerged insects. Water soaked cotton was provided inside the cage in 

glass vials for maintaining moisture.   

 

Maintenance of Culture 
 

(a) Food provision: Standard adults diet was provided twice daily in droplets on paper 
cards with the help of fine camel hair brush. 

 
(b)  Egg harvesting:  Eggs were harvested from replaceable black muslin cloth cover 

with the help of sharp razor blade. Some eggs were laid on other structures within 
cage such as cage walls, water containing vials etc., were also harvested with razor. 

 
(c)  Cleaning of cages:  All the cages were cleaned with wet cotton wig after that dried 

gently with the help of tissue paper. Time of egg harvesting, food provision and 
cleaning of cages was noted.  

 
 

3.14 Effect of radiation on biological parameters of Chrysoperla carne. 
 
 

 To study the effect of radiation on biological attributes of green lacewing, 

different instars and pupae were irradiated at various doses, using Theratron-780 

teletherapy machine which employed Co60 gamma source at Nuclear Institute of Medical 
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and Radiology (NIMRA), Jamshoro. All larval stages and pupae were irradiated with 

different doses of gamma radiation (i.e., 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 Gy). The 

time of exposure depended on dose and a dose of 5 Gy required 5.31 minutes and the time 

required for subsequent doses was calculated as time multiplied by dose, for example 

5.31x2=11.02 minutes for 10 Gy. For each treatment (radiation dose), 6 hours old 50 

larvae of first, second and third instar were used separately. The pupae (50) of two, three 

and four days old were treated. These irradiated larvae and cocoons were kept under the 

controlled laboratory conditions. Unirradiated larvae and pupae were kept as control. The 

experiment was replicated eight times.  

  

  The development periods of various growth stages of first, second and third 

instar larvae and pupae were recorded at a temperature of 26±2ºC and 65±5% RH. Larvae 

were kept individually in finely perforated transparent plastic tubes (3x100 mm) were 

provided with laboratory reared S. cerealella frozen eggs for development. Data on 

survival of all three larval instars and their biological performance such as, larval and 

pupal period, percent emergence, female sex ratio, and food consumption due to 

irradiation, in comparison to control, were recorded. Similarly, pupal experiment, data 

were recorded on pupal period, adult emergence and percent females.  

 

3.15 Toxicity of insecticides against different stages of chrysoperla carnea under 
laboratory conditions 

 
 
  To test the toxicity of insecticides against laboratory reared eggs, larvae and 

adults of C. carnea, an experiment was conduced in the laboratory under controlled 
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conditions 26±2°C and 60±5% RH. Insecticide solutions were prepared in tape water at the 

rate of 250 liters per hactare. Insecticides (Table 3.3) were tested at their recommended 

dose per acre.  

 

  Egg Treatment: For the treatment of eggs, dipping method was used. In all 

treatments fresh, one, two and three days old eggs were randomly selected for the 

experiment from the laboratory culture. Eggs were dipped in insecticide solution for 10 

seconds. Eggs were put with the help of fine camel hair brush into a metal mesh net 

container having a rod for handling or dipping. Insecticide solution was prepared in glass 

beaker. After treatment single egg was placed in single plastic transparent tube sealed from 

both ends with impulse sealer. Data were recorded on their hatching percentage and 

compared with control after 3-4 days. This experiment was replicated 20 times with five 

egg in each replicate (Plate 13).   

 

  Larval Treatment: For the treatment of larvae, five individuals of each 

larval instar per replicate were placed into plastic Petri dishes bottoms (150x15 mm) and 

then sprayed with hand held sprayer for 10 seconds. After treatment, Petri dishes were 

covered with a fine metal mesh to retain the insects in the dish and allowed to dry for 1 hr 

before the treated individuals were transferred individually in plastic tubes provided with 

S. cerealella eggs as a food. The control treatment was sprayed in the same way with tape 

water. Data were recorded after 6, 12, 24 and 48 hrs of exposure. Larval mortality was 

determined by the failure to move when larvae were probed by a smooth camel hair brush. 

This experiment was replicated eight times.     
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  Adult Treatment: For adult treatment plastic Petri dishes tops and bottoms 

(150x15 mm) were sprayed with pesticide solutions and allowed to dry for 1 hr before five 

pairs young adults (< 3-days old from emergence) were transferred to each treated Petri 

dish. Control treatment was sprayed with tape water. Adult food and water were provided 

on paper cards and cotton wool, respectively, inside Petri dishes. When probed with camel 

hair brush, if movement was not noticed, it was considered dead. Data on mortality were 

recorded after 6, 12, 24 and 48 hrs. This experiment was replicated eight times.   

 
3.16 Field release performance of Chrysoperla carnea egg cards for population 

management of sucking insects of cotton  
 
 
  Studies were conducted to determine the performance of C. carnea for the 

population management of sucking insect pests on cotton. Cotton variety (cv. NIAB-78), 

was sown in the last week of April at the experimental farm of Nuclear Institute of 

Agriculture (N.I.A.), Tando Jam. The distance between rows and plants was 75 and 22.5 

cm, respectively. The fertilizer was applied at the rate of one bag of DAP (Phosphorus) and 

2.5 bags of urea (nitrogen) per acre. Basal dose of fertilizer at the rate of one bag of DAP 

and ½ bag of urea was applied at the time of sowing. The remaining nitrogenous fertilizer 

was applied at the rate of ½ bag at first, second and fourth irrigations and last ½ bag of 

urea at the time of peak flowering. Interculturing and weeding in the crop was done by 

hand when required. No pesticides were applied in and around experimental area. Cotton 

(cv. NIAB-78) is an erect simpodial variety with longer branches, plant attaining a height 

of 50-60 cms. Leaves have nectaries, gossypol pigments and trichomes. Trichomes 

densities are medium and are short in size.       
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  Preparation of Cards for Releases: Glue was prepared from acacia gum 

(200 g) mixed in boiling water (1 L) for sometime to make it saturated solution of thick 

consistency to stay on hard paper card (2x2.5 inch), secondly three day old 350 eggs of     

C. carnea were sprinkled randomly along with frozen eggs of Sitotroga cerealella at the 

ratio of 1:3, as an initial host for newly hatching larvae of C. carnea to feed before 

dispersing in cotton foliage (Plate 14).   
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           PLATE-13 TREATMENT METHOD FOR EGGS OF CHRYSOPERLA 

CARNEA 
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Table-3.2 Names of insecticides tested against C. carnea under laboratory          

conditions. 
  
 

S. No. Trade name Common  

name 

Group Dose per 
acre 

1 Lorsban 40EC Chloropyriphos OP 250 ml 

2 Larvin 80 DF Thiodicarb Carbamate 450 g 

3 Lannete 250 g Methomyl -do- 250 g 

4 Tracer 480 EC Spinosad Spinosyn 15 ml 

5 Doxer 40 EC Abamectin Avermectin 175 ml 

6 Cascade 50 EC Elufenoxuron IGR 145 ml 

7 Curacron 50 EC Profenophos OP 250 ml 

8 Thiodan 55 EC Endosulfan OC 500 ml 

9 Confidor 200 SL Imidachloprid Chloro-nicotinyl 250 ml 

10 Steward 150 SC Indoxacarb Oxidiadine 175 ml 

11 Control - - - 
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  Releases of Cards in Cotton Field: Cards were released in cotton field at 

morning time at the rate of 40 cards per acre placed at randomly every alternate row of 

experimental plot. The cards were attached on the lower leaf surface of the cotton leaves 

with the help of stapler at the upper plant canopy because C. carnea prefer it (Rosenheim 

et al., 1999). To protect them from direct sunlight and from other predators like ants etc.  

The first release was made in the first week of June and the subsequent releases were made 

after every fifteen days. 

 

  Recording of Data: Plants (40) were tagged at random for recording the 

data, per acre, selecteing one plant per every alternate row. Observations were made at 

weekly intervals. Sucking insect pest population was recoded from five leaves of each 

plant, selecting two leaves from bottom portion, two from middle portion and one leaf 

from top portion of plant. The pest population reduction caused by C. carnea was 

calculated by Abbot’s (1925) formula (Rehman, 2004). While for recording C. carnea 

population, whole plant was observed. This study was carried out for two years (2005 and 

2006) and had three replications.  Weekly observations were made to record the population 

of pest and predator in the field in treated and non-treated both plots. 
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3.17 Field release performance of Chrysoperla carnea larvae in caged and cotton 
plants for population management of sucking pests of cotton  

 
 

  Studies were conducted to determine the performance of C. carnea larvae 

for the population management of sucking pests on cotton crop (cv. NIAB-78) under field 

conditions during 2006 at the experimental farm of Nuclear Institute of Agriculture, 

(N.I.A.) Tando Jam. First, second and third instar C. carnea larvae were released at 

fortnightly interval on cotton plants under field conditions in net cages (2 meter hieght and 

1.5 meter width), for population management of the sucking complex pests. Two larvae of 

each instar were dropped out manually on the middle portion of each plant canopy. Daily 

observations were made to record data on population reduction caused by different instars. 

This experiment was replicated eight times.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 65 

 

                                       
 
 
 
 

                            
 
 
 
 

PLATE-14 PREPARARTION OF CHRYSOPERLA CARNEA 
CARDS FOR FIELD RELEASES 
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CHAPTER - IV 
 
 
 

RESULTS 
 

 
 
4.1 Effect of different hosts on biology of Chrysoperla carnea  
   
 
  Incubation period: The results in Table-4.1 showed that the incubation 

period of eggs of C. carnea feeding on different hosts was significantly different from each 

other  (F= 117.06; DF= 5, 42; P <0.001). It was 2.25, 2.28, 2.36, 3.85, 2.25 and 2.80 days 

on   A. gossypii, M. hirsutus, P. gossypiella, H. armigera, S. cerealella and mixed host 

diet, respectively. The minimum incubation period of 2.25 days was recorded for eggs laid 

by females fed on A. gossypii and S. cerealella as larvae.  

 

  Larval period: The results indicated that larval period of C. carnea feeding 

on different hosts was significantly different (F= 34.34; DF= 5, 42; P <0.001). Duration of 

first larval instar was 2.62, 2.87, 4.00, 3.00, 2.50 and 2.87 days, while duration of second 

instar was recoded as 2.75, 3.00, 4.12, 4.12, 2.75 and 3.50 days and that of third instar was 

3.12, 3.62, 4.25, 4.25, 3.00 and 4.62 days, respectively, on A. gossypii, M. hirsutus,           

H. armigera, P. gossypiella, S. cerealella and mixed host diet. The order of complete 

larval developmental period on different insect prey species was S. cerealella > A. gossypii 

> M. hirsutus > mixed host diet > P. gossypiella > H. armigera. The complete larval 

developmental period was 8.50, 9.50, 12.37, 11.37, 8.25 and 11.00 days on A. gossypii,    

M. hirsutus, H. armigera, P. gossypiella, S. cerealella, and mixed host diet, respectively. 
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The shortest and the longest larval period of C. carnea were recorded as 8.25 and 12.37 

days on S. cereallela and H. armigera eggs, respectively (Table 4.1).  

 

  Pupal period: The pupal period of C. carnea (Table 4.1) was statistically 

significant and different on various hosts (F= 5.31; DF= 5, 42; P <0.001). However, 

cocoon period of C. carnea was 7.75, 7.75, 8.37, 8.50, 7.37 and 8.25 days fed on              

A. gossypii, M. hirsutus, H. armigera, P. gossypiella, S. cerealella, and mixed host diet, 

respectively. The maximum to the minimum pupal period was in the order of S. cerealella 

> A. gossypii > mixed host diet, H. armigera, M. hirsutus > P. gossypiella. 

 

  Larval and Pupal Survival: Analysis of data (Table 4.1) indicated a non-

significant effect of hosts on the survival of C. carnea pupae (F= 1.35; DF= 5, 42; P >0.05) 

and adults (F= 1.40; DF= 5, 42; P >0.05). However, the maximum survival of pupae and 

adults was recorded when C. carnea was feeding on eggs of S. cerealella followed by 

nymphs and adults of A. gossypii. The minimum survival to pupal and adult stages was 

observed on eggs of P. gossypiella. 

 

  Reproductive attributes: Feeding of different hosts to larvae of C. carnea 

(Table 4.2), significantly affected its fecundity (F= 87.17; DF= 5, 42; P <0.001). Similarly, 

significantly (F= 36.37; DF= 5, 42; P <0.001) higher fertility of eggs of C. carnea was 

recorded when fed on eggs of S. cerealella as larval host followed by A. gossypii. The 

maximum adult male and female longevity was recorded for C. carnea feeding on            

S. cerealella as a host followed by A. gossypii. There was significant (F= 17.13; DF= 5, 42; 

P <0.001) male and (F= 30.61; DF= 5, 42; P< 0.001) female variation in adult longevity 
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due to feeding on different hosts. The maximum average pre-oviposition period of            

C. carnea after feeding on H. armigera was 4.12 days and the minimum 2.37 days after 

feeding on S. cerealella. The longest oviposition period was 29.50 days recorded on         

S. cerealella followed by 27.62 days on A. gossypii. The maximum post-oviposition period 

was 7.62 days recorded on P. gossypiella and H. armigera. The maximum mean fecundity 

per female of C. carnea was 503.30 eggs recorded when fed as larvae on S. cerealella 

followed by 419.80 eggs on A. gossypii, whereas, the minimum of 337.80 eggs was 

recoded when fed on P. gossypiella eggs. 

 
4.2 Predatory and feeding potential of larvae of Chrysoperla carnea for different 

hosts under laboratory/ no choice conditions 
 

 The results in Table 4.3 show the predatory potential and consumption rate 

of the different larval stages, which varied significantly from host to host and instar to 

instar. The 3rd instar larvae consumed significantly more amount of prey (F= 371.83; DF= 

2, 14; P <0.001 for aphid) compared with younger instar larvae.    
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Table-4.1 Feeding effect of different hosts on biological parameters of C. carnea under laboratory conditions (Mean±S.E.). 
 

Biological 
parameters 

Different Hosts 
Aphis 

gossypii 
(nymph/adults) 

Maconellicoccus 
hirsutus (nymphs) 

Helicoverpa 
armigera (eggs) 

Pectinophora 
gossypiella (eggs) 

Sitotroga 
cerealella 

(eggs) 
Mixed Host Diet F-value P-value 

Incubation 
period (days) 2.25 c 2.28 c 2.36 c 3.85 a 2.25 c 2.80 b 117.06 0.001 

Instars period  
1stInstar 
(days) 

2.62±0.18 b 2.87±0.12 b 4.00±0.00 a 3.00±0.00 b 2.50±0.18 b 2.87±0.29 b 9.91 0.001 

2ndInstar 
(days) 

2.75±0.16 c 3.00±0.00 c 4.12±0.12 a 4.12±0.12 a 2.75±0.16 c 3.50±0.18 b 20.53 0.001 

3rdInstar 
(days) 3.12±0.12 c 3.62±0.26 b 4.25±0.16 a 4.25±0.16 a 3.00±0.00 c 4.62±0.18 a 15.44 0.001 

Larval period 
(days) 

8.50±0.32 d 9.50±0.32 c 12.37±0.18a 11.37±0.26 b 8.25±0.25 d 11.00±0.32 b 34.34 0.001 

Pupal period 
(days) 7.75±0.16 bc 7.75±0.16 bc 8.37±0.18 a 8.50±0.18 a 7.37±0.18 c 8.25±0.25 ab 

 

5.31 

 

0.001 

Larval survival 
(%) 

87.50±12.50 62.50±18.30 75.00±46.29 50.00±18.90 100.00±0.00 75.00±16.40 1.35 0.261 

Survival to 
Adults stage 
(%) 

87.50±35.35 62.50±51.75 75.00±46.29 50.00±53.45 100.00±0.00 62.50±51.75 1.40 0.244 

Male Longevity  
(days) 21.75±0.49 b 20.25±0.25 c 19.75±0.25 c 19.62±0.32 c 23.62±0.42 

a 20.00±0.46 c 17.13 0.001 

Female 
Longevity  
(days) 

38.00±0.65 a 32.25±0.72 b 30.87±0.39 b 30.87±0.35 b 
38.62±0.62 

a 31.25±0.99 b 30.61 0.001 

Figures followed by same letter with in a row are not significantly different from each other at 5% DMRT. 
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Table- 4.2 Feeding effect of different hosts on biological parameters of C. carnea under laboratory conditions 
(Mean±SE). 

 

Biological 
parameters 

Different Hosts 

Aphis 
gossypii 

(nymph/adults
)  

Maconellicocc
us hirsutus  
(nymphs) 

Helicoverpa 
armigera 

(eggs) 

Pectinophor
a 

gossypiella 
(eggs) 

 

Sitotroga 
cerealella 

(eggs) 

Mixed Host 
Diet 

F-value P- 

value 

Pre- 
Oviposition 
Period (days) 

 
3.37±0.18 b 

 
3.62±0.18 ab 

 
4.12±0.12 a 

 
3.87±0.22 ab 

 
2.37±018 c 

 
3.37±0.18 b 

 
10.95 

 
0.001 

Oviposition 
(days) 

 
27.62±0.42 b 

 
21.62±0.49 c 

 
19.12±0.61 d 

 
19.25±0.36 d 

 
29.50±0.82 a 

 
20.12±0.74 

cd 

 
57.08 

 
0.001 

Oviposition/ 
day/ female 
(days) 

 
15.21±0.27 c 

 
17.82±0.44 b 

 
17.74±0.23 b 

 
17.58±0.30 b 

 
17.13±0.47 b 

 
20.15±0.83 a 

 
11.20 

 
0.001 

Post-
oviposition 
(days) 

 
6.87±0.47 

 
7.00±0.56 

 
7.62±0.26 

 
7.62±0.32 

 
6.75±0.25 

 
7.50±0.42 

 
0.99 

 
0.438 

 
Fecundity/ 
female 

 
419.80±6.35 b 

 
384.00±3.15 c 

 
338.90±9.19 

d 

 
337.80±3.61 

d 
 

 
503.30±9.17 

a 

 
401.63±5.30 

bc 

 
87.17 

 
0.001 

 
Fertility (%) 

 
87.88±0.74 a 

 
85.09±0.70 b 

 
82.75±0.52 b 

 
75.10±1.11 c 

 
88.61±0.68 a 

 
82.92±0.95 b 

 
36.37 

 
0.001 

 
Figures followed by same letter with in a row are not significantly different from each other at 5% DMRT. 
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 The maximum numbers of eggs of S. cerealella were consumed by 3rd instar 

larvae (1788.00) followed by 2nd instar (232.70) and 1st instar (120.50). In all hosts 1st 

instar larvae consumed less number of prey/ diet. 

 

  Feeding potential and larval mortality: The analysis of variance revealed 

that the third instar larva consumed significantly high number percent of prey than first and 

second instars. The per day consumption pattern of C. carnea larva varied from prey to 

prey depending on the larval age (Table 4.3). The consumption by first instar larva is in the 

order of A. gossypii > S. cerealella > P. solenopsis > H. armigera > P. gossypiella. 

Consumption of prey by second instar as in order of A. gossypii > P. solenopsis >              

S. cerealella > H. armigera > P. gossypiella. While consumption of prey by third instar 

larva was in the order of S. cerealella > A. gossypii > P. solenopsis > H.  armigera >        

P. gossypiella.   

  

 The total food consumption of a single larva of C. carnea was 509.5 

number of A. gossypii, 372.21 nymphs of P. solenopsis, 2141.2 eggs of S. cerealella and 

665.29 eggs of H. armigera. The results in table 4.4 show that, the food consumption of C. 

carnea larvae on different hosts. The over all highest live weight of A. gossypii as a food 

was consumed by C. carnea larvae followed by S. cerealella eggs and P. solenopsis.   
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4.3 Development of larval artificial diet for Chrysoperla carnea 
 
 

 Three artificial larval diets were developed based on Cohen’s (1998) diet 

and compared for their suitability. Among three artificial diets, diet No.2 showed good 

results for successful commercial based mass rearing of green lacewings.  

 

  Among three artificial diets tested, diet No. 2 showed the promising results 

(Table 4.5). The highest percent larval survival, percent pupation and percent adult 

emergence was recorded in diet No. 2 as compared with other two diets. Female C. carnea 

reared on diet No. 2 as larvae laid the highest number of eggs compared with other two 

larval diets.   
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Table-4.3 Predatory potential of C. carnea larvae for different insect hosts under 
no choice laboratory conditions. 

 
Instars of 
C. carnea 

Aphis gossypii 
(nymphs/ 

adults) 

Maconellicoccus 
hirsutus 

(nymphs) 

Sitotroga 
cerealella 

(eggs) 

Helicoverpa 
armigera 

(eggs) 

1st  50.60±2.650 c 35.37±0.42 c 120.5±12.120 c 96.29±1.38 c 

2nd  143.9±14.32 b 88.54±0.46 b 232.7±13.80 b 190.8 ± 3.89 b 

3rd  315.0±32.710 a 248.3±0.73 a 1788±24.8 b 378.2±2.62 a 

Total prey 
consumed 

509.50 372.21 2141.2 665.29 

F-value 371.83 332625.24 36693.23 24030.26 

P-value 0.001 0.001 0.001 0.001 

 
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
 
 
 
 



 74 

Table- 4.4 Feeding potential of larval instars of C. carnea on different prey species 
(mg) under laboratory conditions. 

 
Food Consumption % 

Instars Food 
offered 
(mg) 

Aphis 
gossypii 

(nymphs/ 
adults) 

Maconellicoccus 
hirsutus  

(nymphs) 

Helicoverp
a armigera 

(eggs) 

Pectinophor
a gossypiella 

(eggs) 

Sitotroga 
cerealella 

(eggs) 

1st  10 46.91 c 

(15.63 c) 

44.08 c 

(14.68 c) 

35.59 b 

(8.89 c) 

19.13 b 

(6.37 c) 

46.62 b 

(15.53 c) 

2nd  20 66.00 a 

(21.98 b) 

68.49 b 

(22.78 b) 

60.91 a 

(15.03 b) 

55.86 a 

(12.92 b) 

70.33 b 

(23.44 b) 

3rd  40 85.67 a 

(28.55 a) 

84.79 a 

(24.15 a) 

66.78 a 

(16.69 a) 

64.81 a 

(16.21 a) 

86.39 a 

(35.99 a) 

F-value 1244.27 126.88 11.46 11.21 2221.14 

P-value 0.001 0.001 0.001 0.004 0.001 

 
 Figures followed by same letter in a column are not significantly different from each other 
 at 5% DMRT. 
 
 Within bracket values shows mean percent consumption per day. 
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Table-4.5 Effect of artificial diets on the larval biological parameters of C. carnea 
under laboratory conditions. 
 

Diets Larval 
survival (%) 

Pupation 

(%) 

Adult 
emergence 

(%) 

Fecundity/ 
female 

1. 66.00 b 51.33 b 28.67 b 101.70 b 

2. 85.75 a 82.67 a 66.68 a 288.31 a 

3. 35.00 c 25.01 c 15.67 c 50.67 c 

 
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
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 Highest larval survival was observed (85.75) on artificial diet, diet No.2 

(which was proved better for production in previous experiment), followed by (66.00) on 

diet No.1, which was significantly (t= 7.40; DF= 9; P <0.001). Maximum pupation was 

(73.50) shown in diet No.2, while minimum (11.50) in diet No.3. Emergence was the 

highest (65.00) in diet No.2, followed by (36.50) in diet No.1, and the lowest (11.50) in 

diet No.3.  

 
 
4.4 Comparision of a natural and an artificial larval diet for their effect on biology 

of Chrysoperla carnea under laboratory conditions 
 
 

 The results in Table 4.6 show the effects of a diet consisting of factitious 

host S. cerealella eggs and an artificial diet that was a suitable alternative diet for C. carnea 

larval rearing. The percent fertility of eggs was significantly higher (t= 7.23; DF= 14; P 

<0.001) for artificial diet compared with C. carnea reared on S. cerealella eggs. The larval 

development period of first generation one was almost similar to 6th generation and it was 

significantly longer (t= 7.16; DF= 83; P <0.001) on artificial diet than those fed on            

S. cerealella eggs. Better larval survival was recorded at generation six, compared to 

generation one in both treatments. 

 

 Significantly higher (t= 5.68; DF= 86; P <0.001) percent larval survival was 

observed for C. carnea larvae feeding on artificial diet in generation six compared with 

those reared on S. cerealella eggs in the same generation. Pupal period of C. carnea from 

larvae reared on artificial diet in first and sixth generations was significantly longer than 

those on S. cerealella eggs (t= 3.59; DF= 81; P <0.001 first generation and t= 3.09; DF= 
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84; P <0.001 sixth generation). Significantly more adults emerged from artificial diet in 

both generations compared with natural diet (t= 5.60; DF= 84; P <0.001 sixth generation). 

Female longevity of insects from natural diet of S. cerealella eggs was not significantly 

different (t= 1.49; DF= 64; P <0.16) from insects of artificial diet in first generation but the 

same was significant in generation six (t= 5.53; DF= 67; P <0.001). 

 

 The results in Table 4.7 show that there was no significant difference in 

pupal weight of C. carnea developed from larvae feeding on natural and artificial diets in 

both generations (t= 0.61; DF= 14; P <0.55 and t= 1.13; DF= 14; P <0.28; for first and 

sixth generations, respectively), but the pupae which developed on artificial diet were 

comparatively heavier in weight than the pupae of natural diet. Significantly more eggs 

were laid by females on artificial diet treatment than natural diet (t= 4.16; DF= 14; P 

<0.001 and t= 7.17; DF= 14; P <0.001, for first and sixth generation, respectively) in both 

generations.  

 

4.5 Effect of population density on cannibalism and larval survival of Chrysoperla 
carnea under laboratory conditions 

 
 
  Larval density significantly (F= 35.77; DF= 4, 35; P <0.001) increased 

larval duration, (F= 13.76; DF= 4, 35; P <0.001) pupal period, (F= 188.21; DF= 4, 35; P 

<0.001) pupal recovery, (F= 21.14; DF= 4, 35; P <0.001) percent adult emergence and (F= 

8.82; DF= 4, 35; P <0.001) pupal weight. Larval and pupal period was longest 13.88 and 

9.75 days, respectively, at the highest density level. Lowest percent adult emergence took 
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place at the highest density level. Similarly, the weight of pupae of highest larval density 

was also the lowest (6.25 mg) (Table 4.8).   

 
 
4.6 Effect of temperature on the biology of Chrysoperla carnea under laboratory 

conditions  
  
 

 Results in Table 4.9 indicated that temperature had insignificant effect on 

egg incubation period (F= 1.86; DF= 4, 35; P >0.05), larval period (F= 12.92; DF= 4, 35;  

P <0.001) pupal period (F= 16.04; DF= 4, 35; P <0.001), male longevity (F= 105.05; DF= 

4, 35; P <0.001) and female longevity (F= 88.94; DF= 4, 35; P <0.001).  
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Table-4.6 Comparision of natural and artificial diets on the biology of C. carnea under laboratory conditions. 
 

Diets Generations Incubation 
period 
(days) 

Fertility 
(%) 

Larval 
period 
(days) 

Larval 
survival 

(%) 

Pupal 
period 
(days) 

Emergence
(%) 

Sex- 
ratio 

Longevity 
Male 
(days) 

Female 
(days) 

Natural 
diet 1 

3.75±0.25 
 a 

 
83.50±1.30 

b 
10.10±0.20 

b 
80.25±1.40 

b 
9.65±0.13 

b 
77.25±1.60  

b 
1:1.38±0.05 

b 
21.25±0.59 

b 
32.88±0.93 

b 
Artificial 
diet 1 

3.62±0.18  
b 

94.00±0.53 
a 

12.27±0.23 
a 

91.50±0.63 
a 

10.30±0.13 
a 

89.50±0.73  
a 

1:1.55±0.04 
a 

21.88±0.52 
a 

34.50±0.57 
a 

 
T-value  0.04 7.23 7.16 7.40 3.59 7.13 2.43 0.80 1.49 
Natural 
diet 6 

3.75±0.16 
 a 

87.25±0.65 
b 

10.06±0.12 
b 

85.25±1.30 
b 

9.62±0.15 
b 

81.75±1.60 
b 

1:1.40±0.04 
b 

21.63±0.73 
b 

33.13±0.52 
b 

Artificial 
diet 6 

3.50±0.19 
 b 

94.75±0.53 
a 

12.41±0.17 
a 

93.25±0.53 
a 

10.20±0.11 
a 

91.50±0.63 
a 

1:1.68±0.08 
a 

24.88±0.55 
a 

36.88±0.44 
a 

 
T-value  1.00 8.99 11.53 5.68 3.09 5.60 3.08 3.56 5.53 
 

Figures followed by same letter in a column are not significantly different from each other at 5% DMRT. 
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Table-4.7 Average pupal weight and fecundity of C. carnea on natural and 
artificial diets. 

 

Diets Generations Ave. Pupal weight (g) Fecundity 

Natural diet 1 0.0081±0.00 b  
363.50±4.60 b 

Artificial diet 1 0.0082±0.00 a  
385.38±2.60 a 

Natural diet 6 0.0081±0.00 b  
365.75±2.50 b 

Artificial diet 6 0.0083±0.00 a  
397.10±3.60 a 

 
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
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 There was a significant effect of temperature on pre-oviposition period    

(F= 2.77; DF= 4, 35; P <0.05), oviposition period (F= 106.12; DF= 4, 35; P <0.001) and 

post-oviposition (F= 260.97; DF= 4, 35; P <0.001). The differences in biological 

parameters due to variation of temperature (Table 4.10) were statistically significant for 

percent pupation (F= 50.07; DF= 4, 35; P <0.001), percent adult emergence (F= 94.03; 

DF= 4, 35; P <0.001), fecundity (F= 146.27; DF= 4, 35; P <0.001) and percent fertility (F= 

42.07; DF= 4, 35; P <0.001). 

        

 The longest and the shortest larval and pupal period of C. carnea were 

recorded as 13.13 and 11.25 days and 11.00 and 9.12 days at rearing temperature of 24 and 

32°C, respectively. The development period of C. carnea at 24°C was 28.00 days, while 

the same was 23.63 days at 32°C. Adult male and female longevity was more than double 

at lower temperature range than at the higher range. The longest oviposition period 

(49.12±1.00), the highest pupal recovery (93.83±0.60) and adult emergence (90.84±0.56), 

fecundity (877.38) and fertility (90.29) of eggs were recorded at the temperature of 26°C 

indicating that this temperature regime is optimum for the C. carnea of Pakistan origin 

(Table 4.10).  

 

4.7 Effect of storage temperature on the shelf-life extension of different stages of 
Chrysoperla carnea   

 

 

 Duration of storage and temperature significantly (F= 3410.62; DF= 3, 196; 

P <0.001) affected the egg survival of C. carnea. There was no egg survival when eggs 

were stored at 5ºC. When eggs were stored at 7 and 9ºC, 16.25 and 17.88 eggs survived in 
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their first week, all eggs were killed beyond one week of storage. Egg survival was equal 

to control temperature at 15ºC when stored for up to two weeks. Survival reduced when 

stored for three weeks and all eggs died when stored for four weeks (Table 4.11).  
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Table-4.8 Effect of density on cannibalism and larval survival of C. carnea 
under laboratory conditions. 

 

No. of 
larvae 

Larval 
period 
(days) 

Pupal 
period 
(days) 

No. of pupae 
recovered 

Adult 
emergence 

(%)  

Pupal weight 
(mg) 

 
20 

 
7.75 d 

 
6.87 c 

 
17.00 d  

 
88.61 a 

 
7.75 a 

 
 

40 
 

10.00 c 
 

7.50 bc 
 

31.75 c 
 

77.87 b 
 

7.25 a 
 

 
60 

 
11.88 b 

 
8.25 b 

 
40.63 b 

 
62.35 c 

 
6.50 b 

 
 

80 
 

13.00 ab 
 

 
8.37 b 

 
66.38 a 

 
53.08 c 

 
6.50 b 

 
100 

 
13.88 a 

 
9.75 a 

 
39.00 b 

 
37.00 d 

 
6.25 b 

 
 
 Figures followed by same letter in a column are not significantly different 
 from each other at 5% DMRT. 
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Table-4.9 Effect of temperature on biological parameters of C. carnea under laboratory conditions (Mean±S.E days). 
 

Temperatures  
(±2 °C) 

Incubation 
period 
(days) 

 
Larval Period 

 
 1st Instar        2nd Instar        3rd Instar 

Larval 
period 
(days) 

 
Pupal 
period 
(days) 

 
Developmental 

period  
(days) 

 
Longevity (days) 

 
      Male                 Female 

24 3.87±0.12 a 
 

4.00±0.00 
a 

 
4.62±0.18 

a 

 
4.50±0.18

 
13.13±0.29 

a 

 
11.00±0.26 

a 

 
28.00±0.46 a 35.25±0.97 

a 
59.50±1.33 

a 

26 3.50±0.18 b 
 

3.50±0.18 
b 

 
4.25±0.16 

ab 

 
4.12±0.12

 
11.75±0.16 

b 

 
9.75±0.16 

b 

 
25.00±0.26 b 33.62±0.86 

a 
57.62±1.30 

a 

28 3.50±0.18 b 
 

3.37±0.18 
bc 

 
4.12±0.12 

b 

 
4.12±0.12

 
11.63±0.18 

b 

 
9.50±0.18 

bc 

 
24.50±0.46 bc 25.00±1.14 

b 
40.87±1.75 

b 

30 3.37±0.18 c 
 

3.37±0.18 
bc 

 
4.12±0.12 

b 

 
4.00±0.00

 
11.50±0.18 

b 

 
9.25±0.16 

bc 

 
24.13±0.35 bc 18.87±0.61 

c 
33.12±0.89 

c 

32 3.25±0.16 c 
 

3.00±0.00 
c 

 
4.00±0.00 

b 

 
4.25±0.16

 
11.25±0.16 

b 

 
9.12±0.35 

c 

 
23.63±0.18 c 14.75±0.64 

d 
28.25±1.14 

d 

F-value 1.856 
 

6.315 
 

3.159 
 

1.917 
 

12.920 
 

16.038 
 

22.655 105.051 88.942 

P-value 0.1402 
 

0.0006 
 

0.0256 
 

0.1295 
 

0.001 
 

0.001 
 

0.001 0.001 0.001 

 
 Figures followed by the same letter in a column are not significantly different at 5% DMRT. 
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Table-4.10 Effect of temperature on biological parameters of C. carnea under laboratory conditions (Mean±S.E days). 
  

Temperatures 
(±2 °C) 

Pre-ovipostion 
Period 

(days) 

Oviposition 
Period 

(days) 

Post-oviposition 
Period 

(days) 

 
Sex-ratio 

(M/F) 
Pupation 

(%) 

Emergence 
(%) 

 

Fertility 

(%) 

 
Fecundity 

(eggs/ female) 

24 3.12±0.22 a 38.25±0.74 b 17.75±0.36 a 
 

1:1.32 72.08±1.11 b 72.84±1.07 b 75.87±1.47 b 526.88 b 

26 3.00±0.18 ab 49.12±1.00 a 5.12±0.22 c 
 

1:1.47 90.83±0.60 a 90.84±0.56 a 90.29±0.55 a 877.38 a 

28 2.75±0.16 abc 32.00±2.10 c 5.87±0.35 c 
 

1:1.36 67.52±1.40 b 67.44±1.10 c 75.44±1.68 b 523.13 b 

30 2.50±0.18 bc 22.75±0.79 d 7.87±0.35 b 
 

1:1.53 57.22±3.50 c 63.50±1.54 d 78.96±1.72 b 378.50 c 

32 2.37±0.18 c 18.75±0.59 e 7.62±0.26 b 
 

1:1.34 56.24±1.97 c 56.72±1.94 e 64.83±1.26 c 261.0 d 

F-value 2.774 106.116 260.969 
 

0.992 50.073 94.031 42.069 146.27 

P-value 0.042 0.001 0.001 
 
- 0.001 0.001 0.001 0.001 

 
 Figures followed by same letter in a column are not significantly different from each other at 5% DMRT. 
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 Low temperature had negative effect on the survival of C. carnea first instar 

larvae. There was less than 25% larval survival at 15ºC for storage of one week. All larvae 

died when they were stored for more than one week at any temperature regime of present 

study. Second instar C. carnea larvae showed better tolerance to lower temperature and 

survival during their first week of storage compared to first instar larvae (Table 4.12).  

 

 Duration of storage and temperature significantly (F= 797.99; DF= 3, 196; 

P <0.001) affected the survival of third instar larvae. Survival was significantly high at 

15ºC as compared with lower temperature regimes. Survival was also better when larvae 

were stored for a week, but was usually less than the survival of control temperature (26ºC) 

(Table 4.12).   

 

 Compared with eggs and larvae, pupal stage of C. carnea was more 

sensitive to temperature. Only 7.50 and 11.63 pupae survived when stored at 13 and 15ºC, 

respectively, for one week, beyond that period, all pupae died at all temperature regimes 

tested in present study (Table 4.13).    

 

 Temperature and duration of storage significantly affected the pre-

oviposition (F= 148.73; DF= 3, 196; P <0.001), oviposition (F= 79.53; DF= 3, 196; P 

<0.001) and post-oviposition period (F= 126.48; DF= 3, 196; P <0.001) of C. carnea 

adults (Table 4.14). All these biological parameters were prolonged prominently when C. 

carnea adults were kept at low temperature for longer period of time. At 5ºC post-

oviposition of C. carnea after one week of storage was 15.50 days, at the same temperature 
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after two week storage was 20.50 days, after three week storage was 28.75 and after four 

week storage was 30.88 days.  

 

 Duration of storage and temperature adversely affected the fecundity and 

percent fertility of eggs of C. carnea which was significant for fecundity (F=725.54; DF= 

3, 196; P <0.001) and for percent fertility (F= 1291.58; DF= 3, 196; P <0.001). Adult male 

and female longevity was also affected. Longevity was reduced significantly at lower 

temperature compared to high temperature range (Table 4.14).       
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Table-4.11 Effect of storage temperature on shelf-life extension of C. carnea eggs 
under laboratory conditions. 

 
Temperatures Mean survival after: 

1st week 2nd week 3rd week 4th week 

5ºC 0.00±0.00 h  0.00±0.00 h  0.00±0.00 h 0.00±0.00 h 

7ºC 16.25±0.839 fg 0.00±0.00 h  0.00±0.00 h  0.00±0.00 h 

9ºC 17.88±0.440 e 0.00±0.00 h 0.00±0.00 h 0.00±0.00 h 

11ºC 18.13±0.398 e  16.88±0.398 f  0.00±0.00 h 0.00±0.00 h 

13ºC 19.50±0.327 d  17.88±0.295 e  15.75±0.250 g  0.00±0.00 h 

15ºC 24.50±0.267 ab  24.00±0.267 ab 21.13±0.398 c 0.00±0.00 h 

Control 26ºC 24.63±0.510 ab 24.63±0.510 ab  24.63±0.510 ab  24.63±0.510 ab 

 
 Figures followed by same letter with in a row are not significantly different at 5% 
 DMRT. 
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Table-4.12 Effect of storage temperature on shelf-life extension of C. carnea larvae 
under laboratory conditions.  

 

Temperatures 
Mean survival after: 

1st week 2nd week 3rd week 4th week 

5ºC/ 1st Instar 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 

7ºC 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 

9ºC 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 

11ºC 
 

1.87±0.44 d (7.5%) 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 

13ºC 
 

3.25±0.36 c (13%) 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 

15ºC 
 

6.00±0.46 b (24%) 
 

0.00±0.00 e 
 

0.00±0.00 e 
 

0.00±0.00 e 

Control 26ºC 
 

24.38±0.182 a (97.5%)  
 

24.38±0.182 a (97.5%) 
 

24.38±0.182 a (97.5%) 
 

24.50±0.182 a (98.0%) 

5ºC/ 2nd Instar 
 

0.00±0.00 g 
 

0.00±0.00 g 
 

0.00±0.00 g 
 

0.00±0.00 g 

7ºC 
 

0.00±0.00 g  
 

0.00±0.00 g 
 

0.00±0.00 g 
 

0.00±0.00 g 

9ºC 
 

0.00±0.00 g 
 

0.00±0.00 g 
 

0.00±0.00 g 
 

0.00±0.00 g 

11ºC 
 

2.37±0.26 f (9.5%) 
 

0.00±0.00 g 
 

0.00±0.00 g 
 

0.00±0.00 g 

13ºC 
 

10.00±0.46 c (40%) 
 

4.00±0.32 e (16%) 
 

0.00±0.00 g 
 

0.00±0.00 g 

15ºC 
 

14.0±0.46 b (56%) 
 

6.87±0.51 d (27.5%) 
 

0.00±0.00 g 
 

0.00±0.00 g 

Control 26ºC 
 

24.38±0.182 a (97.5%) 
 

24.25±0.250 a (97.0%) 
 

24.25±0.163 a (97.0%) 
 

24.25±0.250 a (97.0%) 

5ºC/ 3rd Instar 
 

6.87±0.766 k (27.5%) 
 

4.87±0.350 l (19.5%)  
 

0.00±0.00 m 
 

0.00±0.00 m  

7ºC 
 

9.00±0.327 ij (36.0%)  
 

8.37±0.375 j (33.5%) 
 

0.00±0.00 m 
 

0.00±0.00 m  

9ºC 
 

18.13±0.69 d (72.5%) 
 

15.50±0.886 g (62.0%)  
 

9.750±0.590 I (39.0%) 
 

0.00±0.00 m  

11ºC 
 

20.00±0.462 c (80.0%) 
 

17.88±0.548 de(71.5%) 
 

12.50±0.50 h (50.0%) 
 

4.87±0.440 l (19.5%) 

13ºC 
 

22.13±0.23 b (88.5%) 
 

20.50±0.33 c (82.0%)  
 

16.88±0.44 ef (67.5%)  
 

8.12±0.55 j (32.5%) 

15ºC 
 

23.50±0.33 a (94.0%)  
 

21.75±0.56 b (87.0%) 
 

19.38±0.37 c (77.5%)  
 

16.25±0.41 fg (65%) 

Control 26ºC 
 

24.38±0.182 a (97.5%) 
 

24.63±0.182 a (98.5%) 
 

24.38±0.182 a (97.5%) 
 

24.50±0.188 a (98.0%) 

  
 Figures followed by same letter are not significantly different from each other at 
 5% DMRT. 
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Table-4.13 Effect of storage temperature on shelf-life extension of C. carnea pupae 
under laboratory conditions.  

  
Temperatures Mean survival after: 

1st week 2nd week 3rd week 4th week 

5ºC 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 

7ºC 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 

9ºC 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 

11ºC 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 

13ºC 7.50±0.731 c  0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 

15ºC 11.63±0.497 b  0.00±0.00 d 0.00±0.00 d 0.00±0.00 d 

Control (27ºC) 24.37±0.51 a 24.50±0.53 a 24.50±0.53 a 24.63±0.51 a 

 
 Figures followed by same letter are not significantly different from each other at 
 5% DMRT. 
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Table-4.14 Effect of storage temperature on shelf-life extension of C. carnea adults under 
laboratory conditions. 

 

Temperatures 

Mean Survival per week of C. carnea adults. 

Pre-
oviposition 

Oviposition Post-
ovipositon 

Fecundity No. of eggs 
hatched 

Fertility 
(%)  

Longevity (days)

Male Female 

1st 
week 

5°C 4.62 hij  23.25 ef  15.50 e  341.60 h  282.00 h 82.59 e 31.13 k 33.88 ij 

7°C 4.12 jk  24.63 de  11.38 gh  410.90 c 365.00 d 90.51 b 31.38 k 35.38 hij 

9°C 4.00 jk 25.38 cde  10.50 ghi 409.30 c  367.5 cd 90.28 b 32.13 ijk 36.88 fgh 

11°C 4.00 jk 25.63 cd 9.87 hi  406.30 c 369.50 cd 90.72 b 33.13 hi  39.88 d  

13°C 3.75 kl  27.38 bc 6.75 kl 418.80 c  379.0 c  90.82 b  36.50 f  42.75 c  

15°C 3.62  klm  28.63 ab 4.50 m 441.90 b 400.9 b  91.63 b 40.13 d  48.75 b  

Control 3.00 m 29.13 ab 3.62 m 619.30 a 596.50 a 96.33 a 33.00 hi 35.75 ghi 

2nd 

week 
5°C 6.75 d 20.88 g  20.50 c  244.10 l  162.80 l 66.98 j 31.25 k 33.75 j 

7°C 6.00 e  23.00 ef 13.63 f 364.50 f 296.80 g 81.40 e 31.63 jk 35.38 hij 

9°C 4.62 hij 23.13 ef 11.38 gh  361.50 fg 316.80 f 81.46 e 32.75 ij 36.00 fgh 

11°C 4.50 ij 24.25 de  11.00 gh 389.00 de  316.90 f  82.10 e  34.13 gh  39.38 de  

13°C 4.00 jk 24.25 de  6.50 l  389.00 de  317.6 f  84.67 d  38.25 e  43.50 c  

15°C 3.75 kl  24.38 de 5.00 m 402.50 cd 340.90 e  87.15 c  44.13 b  49.50 b  

Control 3.25 lm 29.63 a 3.75 m 617.60 a 597.90 a 96.80 a 33.25 ghi 36.63 fgh 

3rd 
week 

5°C 7.75 bc  18.50 hij  28.75 b  201.90 n 129.0 m 64.38 kl 32.25 ijk 34.00 ij 

7°C 7.37 c  19.75 ghi 14.50 ef 324.50 i 231.90 i 71.52 hi 32.25 ijk 36.50 fgh 

9°C 5.25 fgh 20.75 g 10.50 ghi  346.5 gh 268.50 h 75.45 g 33.13 hi 36.75 fgh 

11°C 5.25 fgh 21.50 fg  11.75 g 345.50 gh  270.60 h  77.56 f  34.13 gh  39.50 de  

13°C 5.25 fgh 23.13 ef  8.12 jk  364.00 f  274.80 h  78.30 f  38.88 e  43.00 c  

15°C 4.87 ghi 24.13 de 7.25 kl 381.00 e  300.90 g  78.96 f  44.38 b  54.63 a  

Control 3.12 lm 30.50 a  3.87 m 622.40 a 602.80 a 96.84 a 32.13 ijk 37.50 fg 

4th 
week 

5°C 10.00 a  15.00 k  30.88 a  166.00 o 83.25 n 50.09 n 34.50 g 35.00 hij 

7°C 8.12 b  16.75 jk 18.25 d  225.00 m 137.30 m 60.97 m 33.13 hi 36.13 fgh 

9°C 5.62 ef  17.88 ij 11.13 gh  250.6 kl 164.10 l 62.53 lm 33.25 ghi 36.50 fgh 

11°C 5.50 efg 19.88 ghi  11.25 gh 262.50 jk  175.00 kl  64.90 k  33.50 ghi  40.25 d  

13°C 5.37 efg 20.13 gh  10.50 ghi 277.00 j  179.80 k  69.82 i  41.50 c  43.13 c  

15°C 5.37 efg 23.75 def 9.00 ij 274.00 j  198.00 j  72.25 h  52.25 a  55.88 a  

Control 3.00 m 30.63 a 4.25 m 620.90 a 601.50 a 96.87 a 32.38 ijk 37.88 ef 
 Figures followed by same letter in a column are not significantly different from each other at 
 5% DMRT. 
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4.8 Mass rearing of Chrysoperla carnea   larvae 
 
 

 The mean duration of larval stage was significantly (F= 136.15; DF=2, 21; 

P <0.001) prolonged, being 18.62±1.06 days when larvae were reared in plastic tray    

wells, compared with capsules (15.25±1.58 days) and plastic tubes (8.87±0.83 days) 

(Plates- 10-13). 

 

 Significantly high larval (F= 147.20; DF=2, 21; P <0.001) and adult (F= 

295.06; DF=2, 21; P <0.001) percent survival was obtained when larvae were reared in 

plastic tubes compared to other two methods (Table 4.15). The results indicated that the 

larvae rearing in tray wells (Plate- 11) escaped; while larvae reared singly in plastic tubes 

(Plate-10) showed highest larval survival and proved a successful technique for limiting 

the cannibalism for mass rearing of C. carnea larvae. 

 

 

4.9 Comparative performance of field collected v/s laboratory cultured Crysoperla 
carnea under laboratory conditions 

 
 
  Results shown in Table-4.16, indicated that significantly (t= 6.51; DF=8;    

P < 0.001) high percent adult emergence (92.75±2.81) took place from laboratory cultured 

pupae compared with field collected pupae. The female percent emergence from field 

collected pupae was 60.03±5.42 and from laboratory reared the same was 66.18±7.31, 

respectively, which was not significantly (t=1.91; DF=12; P >0.05) different from field 

collected pupae.  
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 The adult longevity of male and female from field collected pupae was 

27.51±3.83 and 17.50±4.10 days, while the same for laboratory cultured was 36.62±6.06 

and 40.75±5.07 days, respectively, and the values were not significantly different from 

each other. Significantly (t= 7.37; DF= 8; P <0.001) more number of eggs were laid by 

females obtained from laboratory cultured pupae (Table 4.16) compared with field 

collected pupae. There was a clear difference in their egg laying potential. The laboratory 

reared insects got nutritious diet than field insects, where they spend their energy in flight 

for search of food, and live shorter than laboratory reared insects.  
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Table-4.15 Effect of larval mass rearing methods on survival of C. carnea under 
laboratory conditions. 

 
Treatments Larval period (days) Larval survival (%)  Adult emergence (%)  

Plastic tubes 8.87±0.83 c 97.25±2.25 a 93.75±1.66 a 

Tray wells 18.62±1.066 a 48.00±10.08 b 34.25±7.88 b 

Capsules 15.25±1.58 b 42.25±6.71 b 28.25±6.45 b 

F value 136.15 147.20 295.06 

 
 Figures followed by same letters are not significantly (P<0.05) different from each 
 other by DMR test. 
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  There was also significant (t= 6.86; DF= 11; P <0.001) difference in fertility 

of eggs obtained from laboratory cultured and field collected pupae (Table 4.16). Insects 

from field collected pupae had significantly (t=3.33; DF=13; P <0.05 larval and t=2.35; 

DF=13; P <0.05 pupal) longer larval and pupal period in their F1 generation. Progeny of 

field collected insects had significantly less pupal and adult emergence compared with 

laboratory cultured insects (t= 12.89; DF= 13; P= <0.001 for pupae and t= 16.67; DF=13; 

P <0.001 for adult emergence). Male and female adult longevity of F1 generation of field 

collected insects was also significantly less than laboratory reared insects (t= 7.38; DF= 

13; P <0.001 for males and t= 7.05; DF= 13; P <0.001 for females) (Table 4.17) under 

laboratory conditions.  

 

4.10 Influence of different proteins in atrtificial adult diet on biological parameters 
of Chrysoperla carnea under laboratory conditions 

 
 
  Different concentrations of various proteins in the artificial adult diet of    

C. carnea had a significant effect on fecundity and fertility of eggs (F=184.95; DF=15, 

112; P <0.001 fecundity and F=25.43; DF= 15, 112; P <0.001 percent fertility). The 

highest fecundity (785.12 ± 25.75) and fertility (89.23±0.36) of eggs was recorded for 

adults feeding on diet containing Nu lure (5.0 ml diet-1). Similarly, pre-oviposition, 

oviposition and post-oviposition periods also varied significantly due to consuming various 

proteins in adult diets (Table 4.18).   
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 There were significant variations (F= 21.47; DF= 15, 112; P <0.001) in 

incubation period due to feeding of adults on different concentrations of various proteins in 

adult artificial diets of C. carnea. The minimum and the maximum incubation periods were 

recorded as 4.36 and 5.00 days in insects feeding on Nu lure (7.0 ml diet-1) and Torula 

yeast (1.0 g ml-1 diet), respectively. Similarly, the shortest and the longest larval and pupal 

periods of C. carnea were also recorded for insects feeding on Nu lure and Torula yeast 

proteins, respectively. The differences in both parameters were significant (F=14.48, DF= 

15, 112; P <0.001 larval period and F= 19.19; DF= 15, 112; P <0.001 pupal period) (Table 

4.19). 
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Table-4.16 Comparative performance of field collected and laboratory reared 
pupae of C. carnea under laboratory conditions. 

 
Treatments 

 

No. of 
pupae 

observed 

Emergence 
(%) 

  

Female 
emergence 

(%) 

Longevity (days) No. of eggs 
laid 

Hatching 
(%)    Male  Female 

Field 
collected 

50.00±0.00 71.50±3.10 60.40±1.9 43.52±1.89 56.47±1.89 
197.10±6.10 73.01±2.20 

Laboratory 
reared 

50.00±0.00 92.75±1.00 66.90±7.32 42.62±1.08 57.37±1.08 363.60±22.0 90.57±1.40 

T value - 6.51 1.91 0.41 0.41 
7.37 6.86 

P value - 0.001 0.80 0.688 0.688 0.001 0.001 
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Table-4.17 Comparative performance of field collected and laboratory reared C. 
carnea (F1) in laboratory conditions. 

 
Treatments 

 

Pupation 
(%) 

Emergence 
(%)  

Larval 
period 
(days) 

Pupal 
period 
(days) 

Female 
(%) 

 

Longevity (days) 

Male Female 

Field 
collected 

57.18±2.10 49.46±1.90 7.37±0.18 8.25±0.25 26.63 17.50±1.50 26.25±1.00 

Laboratory 
reared 

88.55±1.30 86.96±1.20 6.50±0.19 7.50±0.19 40.88 36.63±2.10 40.75±1.80 

T value 12.89 16.67 3.33 2.39 11.45 7.38 7.05 

P value 0.001 0.001 0.005 0.032 0.001 0.001 0.001 

 
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
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Table-4.18 Effect of different proteins and their concentrations in adult artificial diet on 
biological parameters of C. carnea under laboratory conditions.  

Parents 
Protein  Conc.    

g diet-1 Fecundity Fertility (%) Pre-
Oviposition Oviposition Post- 

oviposition 

Casein  1.0 331.5±19.466 fg 62.20±2.524 
de 4.90±0.12 a 25.60±0.905 g 5.40±0.498 defg 

3.0 662.40 22.54 bc 77.21±2.181 
bc 

4.50±0.187 
abc 38.20±0.16 bc 4.9±0.692 efg 

5.0 271.80±13.466 
h 

47.90±2.298 
gh 

4.25±0.183 
abc 32.0±1.134 ef 4.40±0.325 fg 

7.0 169.50±20.184 
e 

45.06±2.471 
h 4.75±0.16 ab 31.63±1.032 ef 4.20±0.251g 

Protein 
Hydrolysate  1.0 254.50±10.327 

h 
74.063±2.340 

c 
4.625±0.183 

abc 25.63±0.597 g 9.00±0.268 a 

3.0 565.2±24.00 d 81.21±1.24 
abc 

4.40±0.183 
abc 35.90±1.481 cd 7.625±0.533 b 

5.0 684.00±6.144 a 80.59±1.806 
abc 3.40±0.183 d 41.40±0.823 ab 4.65±0.261 efg 

7.0 356.30±15.800 
ef 57.33±1.774 3.50±0.187 d 31.13±1.060 ab 4.50±0.328 efg 

Torula yeast   1.0 110.12±7.155 f 65.25±5.130 
d 

4.40±0.183 
abc 17.25±1.081 h 10.13±0.717 a 

3.0 167.00±9.966 i 54.87±1.746 
efg 4.25±0.293 c 30.0±0.777 f 7.65±0.498 b 

5.0 88.630±4.946 j 53.79±4.744 
efgh 3.40±0.183 d 30.38±0.753 f 6.625±0.420 

bcd 

7.0 137.80±13.039 
ij 

47.34±4.589 
gh 3.40±0.183 d 24.00±1.035 g 7.125±0.350 bc 

Nu lure ml/ 
diet-1  1.0 302.62±20.778 

gh 
65.71±4.111 

d 
4.40±0.183 

abc 29.50±1.067 f 5.80±0.367 def 

3.0 628.62±22.673 
c 83.36±0.901a 4.25±0.162 bc 34.25±0.997 de 5.90±0.548 cde 

5.0 785.12±25.752 
a 

89.23±0.357 
a 3.25±0.162 d 42.13±1.110 a 4.625±0.32 efg 

7.0 396.12±5.511e 50.01±0.791 
fgh 3.25±0.16 d 36.63±2.025 cd 5.25±0.325 defg 

F-value - 184.950 25.428 10.380 39.804 15.789 

P-value - 0.001 0.001 0.001 0.001 0.001 

 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
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Table-4.19 Effect of different proteins and their concentrations in adult artificial diet on 
biological parameters of C. carnea under laboratory conditions. 

 F1 Progeny 
Protein  Conc. g 

diet-1  
Incubation 

period (days) 
Larval period 

(days) 
Pupal period 

(days) 
Developmental 

time (days) 

Casein  1.0 4.73±0.07 cd 14.38±0.183 bc 10.25±0.314 c 29.49 

3.0  4.57±0.08 fg 13.13±0.123 fg 9.50±0.187 d 27.24 

5.0 4.58±0.06 ef 13.25±0.16 efg 9.12±0.123 de 26.99 

7.0 4.51±0.038 fghi 13.38±0.18 efg 9.25±0.165 de 27.37 

Protein 
Hydrolysate  

1.0 4.64±0.35 de 14.25±0.31 bcd 9.37±0.183 de 28.37 

3.0 4.58±0.021 ef 13.75±0.16 cdef 9.25±0.162 de 27.64 

5.0 4.55±0.017 efgh 12.88±0.12 gh 8.87±0.226 e  28.34 

7.0 4.45± 0.017ghij 13.13±0.12 fg 9.00±0.187 de 27.83 

Torula yeast   1.0 5.00±0.00 a 15.25±0.162 a 11.13±0.293 a  31.37 

3.0 4.87±0.042 b 14.63±0.81 b 11.00±0.187 a 30.49 

5.0 4.82±0.042 bc 13.88±0.29 cde 10.88±0.226 ab 30.28 

7.0 4.76±0.035 bc 13.63±0.26 def 10.38±0.226 bc 30.11 

Nu lure ml/  
diet-1  

1.0 4.47±0.0070 fghij 14.25±0.25 bcd 9.00±0.00 de 27.87 

3.0 4.43±0.010 hij 13.13±0.22 fg 9.00±0.00 de 26.00 

5.0 4.39±0.014 ij 12.38±0.18 h 8.75±0.162 e 25.78 

7.0 4.36±0.017 j 12.75±0.16 gh 8.87±0.123 e 26.53 

F-value - 21.471 14.476 19.188 - 

P-value - 0.001 0.001 0.001 - 

  
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
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Table-4.20 Effect of different proteins and their concentrations in adult artificial 
diet on biological parameters of Fı progeny of C. carnea under 
laboratory conditions. 

F1 Progeny 
Protein  Conc. g diet-1 Egg to adult 

survival (%)  
Female (%) Pupal weight 

(mg) 

Casein  1.0 19.76±1.437 f 54.23±2.711 4.875±0.123 h 

3.0 39.70±3.25 d 57.52±1.615 5.875±0.123 def 

5.0 7.759 ± 0.367 h 55.69±3.48 6.125±0.123 d 

7.0 6.663±1.011 h 52.44±6.353 6.125±0.123 d 

Protein 
Hydrolysate  

1.0 28.384±1.813 e 58.78±2.48 5.50±0.187 defg 

3.0 46.82±1.55 c 59.514±2.43 6.0±0.00 de 

5.0 55.78±2.33 b 56.78±1.138 7.625±0.183 ab 

7.0 21.158±1.781 f 60.466±3.57 7.375±0.261 bc 

Torula yeast   1.0 20.966±1.796 f 54.819±2.375 5.25±0.162 gh 

3.0 8.38±0.816 gh 54.819±2.375 5.25±0.162gh 

5.0 8.38±0.816 gh 54.85±4.147 5.50±0.187 defg 

7.0 15.44±1.375 fg 56.622±3.53 5.625±0.183 defg 

Nu lure ml/ 

diet-1  

1.0 35.97±3.76 d 60.394±1.834 5.37±0.183 fgh 

3.0 54.54±3.188 b 58.28±1.902 7.00.268 c 

5.0 67.4±1.764 a 63.160±0.972 8.0±0.00 a 

7.0 29.275±2.153 e 58.110 ± 1.025 7.00 ± 0.268 c 

F-value - 87.815 NS 27.600 

P-value - 0.001 NS 0.001 

 
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
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  C. carnea adults (F1) feeding on protein Nu lure (5.0 ml diet-1) had the 

highest percent survival to adult stage, pupae with highest pupal weight and the highest 

percent females (Table 4.20). The differences in adult emergence and pupal weight due to 

feeding on different concentrations of various proteins were significant (F= 87.81; DF= 15, 

112; P <0.001 for egg to adult survival; F= 27.60; DF= 15, 112 for pupal weight), while, 

percent female emergence was non significant (F= 0.94; DF= 15, 112; P >0.05).   

 

4.11 Effect of substrate colour on egg laying performance of Chrysoperla carnea 
under laboratory conditions 

 
 

  C. carnea females visually distinguished different colours and preferred 

certain colours as a substrate for egg laying. C. carnea oviposition preference for different 

coloured substrates was significant (F= 187.28; DF= 5, 42; P <0.001). Among all colours, 

C. carnea females preferred black colour as a substrate for egg laying and laid the highest 

(91.00%) eggs followed by green colour (Fig 4.1). 

 

4.12 Effect of sex-ratio on reproductive performance of Chrysoperla carnea under 
 laboratory conditions 

 
       

 The results presented in Table 4.21, indicated that the fecundity and fertility 

was significantly different (F= 4348.535; DF= 9, 70; P <0.0010, F= 1778.552; DF= 9, 70; 

P <0.0010) in single male with females, whereas, in vice versa (F= 3566.575; DF= 9, 70; P 

<0.0010, F= 347.616; DF= 9, 70; P <0.0010). Ratio of 1:3 (male: females) gave better 

results followed by 1:2 and 1:1, and in vice versa 2:1 showed best ratio for colony 

maintenance, under laboratory conditions. Fecundity, fertility and pupation ratio was 
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higher in 1:3 male: females. Sex-ratio affected on pupation, emergence among all ratios. 

While, in vice versa (Table 4.21) 2:1 (males: female) ratio showed good results followed 

by 1:1 and 3:1 ratios. Study demonstrated that the egg laying, hatching, sex percentage 

were the highest with the ratio of 1:3 (male: females), while, lowest in 1:10 ratio, contrary 

to that in case of vice versa 2:1 (males: female) ratio that yielded the best results.  
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Fig-4.1. Egg-laying performance of C. carnea on different colour substrates 

under laboratory conditions.   
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  On the other hand among other ratios 4:1 to 6:1 (males: female) produced 

the poor results for all the parameters studied and there was no survival in 7:1 to 10:1 

(males: female) ratio. 

 

  The results on fecundity and fertility showed similar pattern as in case of 

pupation (Table 4.21). The fecundity was highest 728.0 in 1:3 ratio, while, the lowest 

155.8 in case of 1:10 combination. In all other treatments the mean values for this 

parameter varied from 712 to 218 in 1:5 to 1:9 ratios. 

  

 The mean higher hatching 640.5 was observed in 1:3 (male: females) ratio, 

while, the minimum 33.75 recorded in 1:10 ratio. Rest of the treatments showed 

intermediate (221.3 and 55.50) values for this parameter. For pupation of larvae maximum 

pupation 497.8 was noted in 1:3, on the other hand minimum 3.50 observed in 1:10. 

Similarly, in adult emergence maximum 412.0 adults were emerged in 1:3 and minimum 

1.25 in 1:8, while, nil in the case of 1:10 ratio.  

 

 In vice versa (Table 4.21), the fecundity was highest 195.80 in 2:1 ratio, 

while the lowest 6.250 in case of 8:1 combination. In other treatments the mean values for 

this trait varied from 195.80 to 10.25. The results on fertility showed less percentage as in 

the case of fecundity. The mean higher hatching 127.50 was observed on 2:1 ratio, while, 

the minimum 1.00 in 8:1. Maximum pupation 105.0 was noted in 2:1, on the other hand 

minimum 0.50 in 6:1. Similarly, in adult emergence maximum 86.00 adults were emerged 

in the ratio of 2:1 and 0.25 minimum in the case of 5:1, and nil in remaining ratios, from 

6:1 up to 10:1 ratios. 
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  Adult male-females sex ratio significantly (F= 4348.535; DF= 9, 70;           

P <0.001) affected the fecundity of C. carnea females. The highest fecundity was recorded 

with male-female sex ratio of 1: 3. Similarly, fertility of eggs of C. carnea was also 

significantly affected (F= 1778.552; DF= 9, 70; P <0.001) by sex ratio of male-female. The 

highest fertility of eggs (87.98%) was recorded with sex ratio of 1: 3 male: females.  

 

  Males-female sex ratio indicated that there was significant (F= 3566.575; 

DF= 9, 70; P <0.001) effects of ratio on fecundity and fertility of females (F= 347.616; 

DF= 9, 70; P <0.001). The highest eggs were laid when it was 1: 1 male- female sex ratio. 

As the male ratio increased the fecundity of females decreased. At sex ratio of 9: 1 males 

per female there was no egg-laying.   
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Table-4.21 Effect of sex ratio on reproductive potential of C. carnea under laboratory 
conditions. 
 

Sex ratio 

Male: 
females 

Fecundity Fertility (%)  Sex ratio

Males:  
female 

Fecundity Fertility (%)  

1:1 251.80±4.06 h 64.62±0.78 c 1:1 251.90±3.40 a 64.60±0.93 b 

1:2 330.00±5.79 f 73.36±1.22 b 2:1 195.90±0.93 b 65.17±1.05 b 

1:3 728.00±1.72 a 87.98±0.23 a 3:1 107.90±2.34 c 71.66±1.38 a 

1:4 478.90±1.10 c 46.07±0.27 d 4:1 82.50±0.80 d 35.45±0.54 d 

1:5 712.00±1.01 b 27.58±0.23 e 5:1 32.00±1.64 e 49.20±2.99 c 

1:6 409.00±2.46 e 23.23±0.25 g 6:1 17.25±0.67 f 30.63±1.05 e 

1:7 300.50±3.91 g 73.69±0.77 b 7:1 10.25±0.70 g 31.98±2.01 de 

1:8 430.90±1.86 d 22.33±0.14 g 8:1 6.25±0.41 g 16.50±1.09 f 

1:9 218.50±1.45 i 25.41±0.38 f 9:1 0.00±0.00 h 0.00±0.00 g 

1:10 155.90±2.21 j 21.68±0.79 g 10:1 0.00±0.00 h 0.00±0.00 g 

 
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. 
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4.13 Mass rearing of Chrysoperla carnea adults 
 

 Mass rearing of C. carnea adults for commercial purpose, to obtain eggs or 

larvae for augmentive release under field conditions for integrated pest management 

purpose required certain operations to be carried out such as provision of food, harvesting 

of eggs and cleaning of cages containing C. carnea adults in an insectary. In present study, 

the time required for food provision was 2.40 minutes in glass cage followed by 3.00 

minutes in Perspex cage. Significantly (F= 13.62; DF= 2, 27; P <0.001) more time was 

required for provision of food in wooden cages. While much shorter (3.70 minutes) time 

was required for cleaning of glass cage followed by 4.60 minutes for Perspex cage. 

Significantly (F= 13.62; DF= 2, 27; P <0.001) more time (16.60 minutes) was required for 

egg harvesting from wooden cage whereas, minimum time of 3.80 minutes was required 

for glass cage for the same operation (Table 4.22). 

  

  The number of eggs laid on substrate and drifted are shown in Table-4.23 

indicated that highest number of drifted eggs (18.46%) was recorded in wooden cage, 

whereas, lowest percentage of drifted eggs (3.71%) was observed in glass cage. While, 

maximum eggs (mean 273.42 ± 14.46) were also obtained in glass cage.   

 

4.14 Effect of radiation on biological parameters of Chrysoperla carnea. 
 
 
  Larvae: Irradiation of C. carnea larvae using gamma rays affected the 

larval and pupal period and adult emergence (Table 4.24). When irradiated at first instar, 

larval period of treated larvae was significantly (F= 257.3; DF= 9, 70; P <0.001) extended 
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to 10.75±0.70 days in 5 Gy followed by 8.50±0.57 days in 10 Gy, while, the same was 

6.50±0.53 days in control treatment.  Due to irradiation, larval period was extended but 

percent pupation was 87.50 in 5 Gy, which was less than control (90.00 percent). The 

shortest pupal period was 5.00±0.53 days recorded in 10 Gy followed by 5.50±0.53 days in 

5 Gy (Table 4.24). Percent emergence in 5 Gy was 81.75 followed by 67.50 in 10 Gy, 

56.24 in 15 Gy, whereas, the same was 85.51 in control. The adult emergence from treated 

larvae at 5 Gy and control was significantly (F= 300.98; DF= 9, 70; P <0.001) better than 

remaining radiation doses. Effects of radiation on adult emergence indicated that at 5 Gy 

normal emergence was 78.64% and 3.11% adults emerged were abnormal. 

  

  The larval period of C. carnea larvae was significantly increased (F=96.79; 

DF= 9, 70; P <0.001) when treated as second instar larvae. Highest pupation percent was 

89.75 in 10 Gy followed by 79.00 percent in 5 Gy. The shortest pupal period (5.50 days) 

was recorded in 10 Gy in 25 and 30 Gy respectively, whereas, it was 7.00±0.74 days is 

control. Maximum percent normal emergence (78.14) was recorded in 10 Gy followed by 

77.55 in 5 Gy. In control treatment emergence was 86.00% (Table-4.25). 
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Table- 4.22 Handling time required for mass-rearing of C. carnea adults in 
different types of cages under laboratory conditions (Mean ±S.E). 

 
Cages   Operation time (minutes) 

Food provision Egg harvesting Cleaning 

Perspex 3.00±0.21 b 4.40±0.16 b 4.60±0.26 b 

Glass 2.40±0.22 b 3.80±0.13 b 3.70±0.26 b 

Wooden 3.90±0.23 a 16.60±0.37 a 9.90±0.37 a 

F value 13.62 858.95 119.30 

 
 Figures followed by same letter in a column are not significantly different from 
 each other at 5% DMRT. (DF = 2, 27, P <0.001) 
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Table-4.23 Egg-laying distribution of C. carnea in different types of cages 
under laboratory conditions. 
 

 

 
 Figures followed by same letter in a column are not significantly different 
 from each other at 5% DMRT. 
 
 
 
 

Cages 
Mean±S.E. Drifted eggs  

(%) 
 On substrate Drifted 

Perspex cage 192.8±5.23 b 17.97±2.47 b 9.32 

Glass cage 273.42±14.46 a 13.45±1.39 c 3.71 

Wooden cage 167.55±14.49 c 38.27±5.71 a 18.46 
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   When C. carnea was irradiated at third instar, it affected larval period.  The 

longest larval period with highest pupation percent was recorded in 10 Gy (Table-4.26). 

Similarly, the highest normal adult emergence was also recorded in 10 Gy treatments. The 

effects of radiation on various parameters were significant (F=11.73; DF= 9, 70; P <0.001) 

larval period, (F= 474.66; DF= 9, 70; P <0.001) pupation percent, (F= 228.09; DF= 9, 70; 

P <0.001) pupal period, (F= 540.79; DF= 9, 70; P <0.001) percent emergence and (F= 

132.15; DF= 9, 70; P <0.001) percent female. 

 

  Host consumption of irradiated larvae: Results showed that radiation 

increased larval period of C. carnea larvae at low doses. The highest consumption 

percentage of first instar larvae was 80.50 at 5 Gy that was 2.76 percent increase over 

control (Table-4.24). Results in Table 4.25 indicated that prey consumption of C. carnea 

larvae increased when larvae were irradiated as 2nd instar larvae. Increase in host 

consumption varied from 2.40 to 3.90% at different dose levels. The data also 

demonstrated that when third instar larvae of C. carnea were irradiated it improved larval 

prey consumption. The increase in prey consumption ranged from 1.96 to 2.67% at 

different dose levels (Table-4.26).   

 

  Pupae: Radiation affected the biology of C. carnea when pupae of different 

age groups were exposed, compared with the control. Irradiation of pupae affected the 

pupal period, emergence rate and sex ratio. Pupae of two days old, when irradiated with 5, 

10, 15, 20 Gy, their pupal period was reduced to 7.12, 7.32, 7.12 and 7.00 days, 

respectively as against 8.00 days for non-irradiated control pupae. The normal emergence 
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from irradiated C. carnea pupae was reduced to 52.53, 74.40 and 3.09 % at 5, 10 and 15 

Gy, respectively, as compared to the control (93.12 %) (Table 4.27). 

  

  Pupal period of three days old pupae was also reduced to 7.12, 7.00, 7.25 

and 7.12 days at 5, 10, 15 and 20 Gy compared to control. There was no adult emergence 

at 25, 30, 35, 40, 45 and 50 Gy. Normal emergence from treated pupae of C. Carnea was 

reduced to 43.17, 45.09, 26.95 and 2.25 % at 5, 10, 15 and 20 Gy, respectively, compared 

to control (93.12 %) (Table 4.27). 

 

  Radiation of four days old pupae reduced pupal period to 6.62, 6.50, 6.37, 

6.25 and 6.00 days at the doses of 5, 10, 15, 20 and 25 Gy, respectively. Data from the 

treated pupae demonstrated that highest percent emergence was 46.50 % at 10 Gy with 

percent normal and abnormal emergence of 39.48 and 7.02 %, respectively, (Table 4.27). 

 
 
4.15 Toxicity of insecticides against different stages of Chrysoperla carnea under 

laboratory conditions. 
 
 
  The toxicity of insecticides against C. carnea eggs is shown in table 4.28. 

The toxicity of insecticides was significantly (F= 2.06, DF= 10, 209; P <0.05) different 

when fresh eggs were exposed. Spinosad and abamectin were non-toxic causing no 

mortality, while methomyl was highly toxic causing 30% mortality. When one day old 

eggs were exposed, toxicity of insecticide varied significantly (F= 2.54; DF= 10, 209; P 

<0.01). No mortality was caused by spinosad and abamectin, the highest mortality was 

caused by methomyl followed by chlorpiryphos and endosulfan, while flufenoxuron 
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caused 5% mortality. Similarly, when two days old eggs were exposed, the toxicity of 

insecticides was significantly different (F= 2.48; DF= 10, 209; P <0.01) from each other. 

Toxicity of insecticides did not vary significantly (F= 1.64; DF= 10, 209; P >0.05) when 

three day old eggs were treated with different insecticides. The over-all average toxicity of 

insecticides showed that spinosad was a safe insecticide against the eggs of C. carnea with 

zero percent mortality followed by abamectin and flufenoxuron. The insecticide, methomyl 

was the most toxic insecticides against the eggs of C. carnea followed by chlorpiryphos, 

thiodicarb and endosulfan.  
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Table-4.24 Effect of radiation on biological parameters of C. carnea under laboratory conditions when larvae were 
irradiated at first instar. 

 
Doses 
(Gy) 

Larval period 
(days) 

Pupation 
(%) 

Pupal period 
(days) 

Emergence 
(%)  

Normal 
emergence 

(%)  

Abnormal 
emergence 

(%)  

Female 
(%)  

Decrease in 
emergence 

over 
control (%) 

Larval food 
consumption 

(%)  

% Increase in 
consumption 
over control 

5 10.75±0.707 a 87.50 a 5.50±0.53 de 81.75 a 78.64 3.11 59.15 a -3.76 80.50 +3.76 

10 8.50±0.53 b 76.75 b 5.00±0.53 e 67.50 b 63.76 3.74 67.03 a -18.01 48.50 - 

15 6.12±0.35 c 64.50 c 6.00±0.75 cd 56.24 c 51.24 5.00 69.70 a -29.27 39.25 - 

20 6.37±0.74 c 44.50 d 6.62±0.74 bc 32.50 d 28.24 1.26 60.38 a -47.01 26.50 - 

25 6.12±0.83 c 33.25 e 6.37±0.517 bc 25.52 e 14.45 10.80 60.39 a -45.90 11.25 - 

30 6.75±0.88 c 15.50 f 6.87±0.83 b 12.00 f 1.12 10.88 62.50 a -48.01 6.50 - 

35 6.37±0.517 c 5.75 g 6.50±0.53 bc 2.75 g  1.55 1.20 36.60 b -82.76 6.25 - 

40 0 d 0 h 0 f 0 g 0 0 0 c 0 0 - 

45 0 d 0 h 0 f 0 g 0 0 0 c 0 0 - 

50 0 d 0 h 0 f 0 g 0 0 0 c 0 0 - 

Control 8.50±0.53 b 90.00 a 7.62±0.74 a 85.51 a 85.50 0.5 62.00 a - 77.74 - 

 
 Figures followed by same letter in a column are not significantly different from each other at 5% DMRT. 
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Table-4.25 Effect of radiation on biological parameters of C. carnea under laboratory conditions when larvae were 
irradiated at second instar. 

 
Doses 
(Gy) 

Larval period 
(days) 

Pupation 
(%)  

Pupal period 
(days) 

Emergence 
(%)  

Normal 
emergence 

(%)  

Abnormal 
emergence 

(%)  

Female 
(%)  

Decrease in 
emergence 

over control 
(%) 

Larval food 
consumption 

(%) 

Increase in 
consumptio

n over 
control (%) 

5 10.75±0.75 b 89.00 b 5.75±0.45 b 84.75 b 77.55 2.20 61.87 a -6.25 83.40 +2.70 

10 12.00±0.75 a 94.75 a 5.50±0.53 b 92.25 a 78.14 2.86 62.64 a -5.00 84.60 +3.90 

15 10.50±0.53bc 89.75 b 5.87±0.35ab 85.00 b 70.69 4.31 60.60 a -11.00 83.10 +2.40 

20 9.87±0.64bcd 52.25 c 5.62±0.51 b 43.75 c 38.75 5.00 56.35 ab -42.25 82.70 +2.40 

25 9.62±0.51 cd 30.00 d 5.50±0.53 b 23.75 d 18.21 5.54 54.30abc -62.25 79.40 - 

30 9.37±0.51 d 13.75 e 5.50±0.53 b 4.75 e  1.75 3.00 38.54 c -81.25 78.20 - 

35 9.50±0.53 cd 6.75 f  5.62±0.51 b 3.25 ef 1.35 1.90 41.67 bc 82.75 79.00 - 

40 6.12±1.88 e 1.50 g 0 c 0 f 0 0 0 d 0 44.60 - 

45 1.75±1.75 g 0 g 0 c 0 f 0 0 0 d 0 0 0 

50 0 g 0 g 0 c 0 f 0 0 0 d 0 0 0 

Control 5.50±0.53 e 94.25 a 7.00±0.74 a 91.75 a 85.1 0.9 61.88 a - 80.70 - 

 
 Figures followed by same letter in a column are not significantly different from each other at 5% DMRT. 
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Table-4.26 Effect of radiation on biological parameters of C. carnea under laboratory conditions when larvae were 
irradiated at third instar. 

 
Doses 
(Gy) 

Larval period 
(days) 

Pupation 
% 

Pupal period 
(days) 

Emergence 
(%) 

Normal 
emergence 

(%) 

Abnormal 
emergence 

(%) 

Female 
(%) 

Percent 
decrease in 
emergence 

over control 

Larval food 
consumption 

(%) 

Percent 
increase in 

consumption 
over control 

5 4.62±0.51ab 86.75 b 4.87±0.64 cd 81.00 b 80.40 0.60 61.02 a -11.25 84.41 +2.08 

10 5.12±0.64 a 92.75 a 5.62±0.51 b 88.50 a 86.62 1.88 60.71 a -3.75 85.00 +2.67 

15 4.37±0.51ab 85.00 b 4.62±0.51 d 78.00 b 75.34 2.66 56.50 a -14.25 84.29 +1.96 

20 4.37±0.51ab 65.25 c 5.12±0.64bcd 54.00 c 50.50 3.50 58.92 a -38.25 80.54 0 

25 4.25±0.46ab 38.25 d 5.25±0.70 bc 22.25 d 18.04 4.21 57.85 a -70 78.95 0 

30 4.50±0.53ab 22.50 e 5.37±0.51 bc 13.75 e 9.34 4.4 57.33 a -78.50 75.95 0 

35 1.87±2.58 c 1.25 f 0.00 e 0.00 f 0 0 0 b 0 42.50 0 

40 3.37±2.82 b 0.75 f 0.00 e 0.00 f 0 0 0 b 0 50.00 0 

45 0 d 0 f 0 e 0 f 0 0 0 b 0 0 0 

50 0 d 0 f 0 e 0 f 0 0 0 b 0 0 0 

Control 3.25±0.46 b 94.75 a 6.37±0.51 a 92.25 a 91.85 0.4 62.08 a 0 82.33 0 

 
 Figures followed by same letter in a column are not significantly different from each other at 5% DMRT. 
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Table-4.27 Effect of radiation on biological parameters when C. carnea was irradiated at pupal stage under 
laboratory conditions. 

 
Dose 
(Gy) 

2 d, old pupae 3 d, old pupae 4 d, old pupae 
Pupal 
period 
(days) 

Emergence 
(%) 

Normal 
emergence 

(%) 

Female 
(%) 

Pupal 
period 
(days) 

Emergence 
(%) 

Normal 
emergence 

(%) 

Female 
(%) 

Pupal 
period 
(days) 

Emergence 
(%) 

Normal 
emergence 

(%) 

Female
% 

5 7.12 57.75 52.53 35.00 7.12 48.50 43.17 29.50 6.62 71.50 64.90 42.75 

10 7.37 54.00 47.40 30.75 7.00 51.75 45.09 30.25 6.50 46.50 39.48 26.00 

15 7.12 9.75 3.09 5.00 7.25 34.25 26.95 22.00 6.37 24.00 16.20 14.00 

20 7.00 1.50 0 0 7.12 10.25 2.25 5.50 6.25 19.25 10.75 11.75 

25 0 0 0 0 0 0 0 0 6.00 3.50 0 1.75 

30 0 0 0 0 0 0 0 0 0 0 0 0 

35 0 0 0 0 0 0 0 0 0 0 0 0 

40 0 0 0 0 0 0 0 0 0 0 0 0 

45 0 0 0 0 0 0 0 0 0 0 0 0 

50 0 0 0 0 0 0 0 0 0 0 0 0 

Control 8.00 88.25 91.12 54.25 8.00 88.25 92.00 54.25 8.00 88.25 92.50 54.25 

 
 Figures followed by same letter in a column are not significantly different from each other at 5% DMRT. 
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  The toxicity of different insecticides against first instar C. carnea larvae 

varied significantly after different time intervals (Table-4.29). The cumulative mortality 

data showed that cholorpiryphos, thiodicarb, methomyl and endosulfan were most toxic 

insecticides with 100% mortality followed by profenophos and indoxacarb with 93.75 

and 92.92% mortality, respectively.  

  

  There was significant effect of insecticides on mortality of second instar 

C. carnea larvae (Table-4.30) which varied during different periods of exposure. 

Methomyl and endosulfan were the most toxic insecticides with 100% cumulative 

larval mortality followed by chlorpyriphos, thiodicarb and profenophos, while 

spinosad, abamectin and flufenoxuron were comparatively safe insecticides with less 

than 5% larval mortality upto 48 hrs after exposure to insecticides.  

  

  The third instar C. carnea larval mortality after exposure to insecticides 

at different time intervals is shown in table-4.31. The results indicate that there was a 

significant difference in insecticides toxicity against third instar C. carnea larvae (F= 

13.81; DF= 10, 77; P <0.001after six hrs; F= 72.71; DF= 10, 77; P <0.001 after 12 hrs; 

F= 11.04; DF= 10, 77; P <0.001 after 24 hrs and F= 2.17; DF= 10, 77; P <0.005 after 

48 hrs) after different periods of exposure. The highest cumulative toxicity (71.25%) 

was recorded after exposure to methomyl while zero percent toxicity was recorded for 

spinosad and abamectin for the same exposure period. The data presented in tables 

4.29, 4.30 and 4.31 showed that as the larvae became larger in size from first to third 

instar, their tolerance to insecticides also increased.  

 

  Toxicity of insecticides against C. carnea adults shown in table- 4.32 

indicated that, toxicity of insecticides six hours after exposure varied significantly    
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(F= 65.19; DF= 10, 77; P < 0.001). Methomyl was most toxic insecticide followed by 

endosulfan and profenophos with 43.75, 32.50 and 20.0% mortality, respectively. 

Mortality caused by insecticides to C. carnea adults after 12, 24 and 48 hrs of 

exposures differed significantly (F= 44.77; DF= 10, 77; P < 0.001 after 12 hrs;           

F= 21.00; DF= 10, 77; P < 0.001) after 24 hrs and F= 8.88; DF= 10, 77; P < 0.001 after 

48 hrs exposure). The data of cumulative mortality of insecticides showed that 

methomyl was most toxic insecticide with 99.5% adult mortality followed by 

endosulfan, thiodicarb and chloropyriphos with 95, 93.75 and 91.25% mortality, 

respectively. 
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Table-4.28 Percent mortality caused by different insecticides against the eggs of 
C. carnea under laboratory conditions. 

 

Treatments Age at the time of treatment: 

Fresh eggs One day old Two days old Three days old Mean 

Chloropyriphos 
(Lorsban) 

15.00±8.19 
ab 

25.00±9.93 
ab 30.00±10.50 a 20.00±9.17 22.50 

Thiodicarb 
(Larvin) 

15.00±8.19 
ab 

20.00±9.17 
abc 25.00±9.93 ab 25.00±9.93 21.25 

Methomyl 
(Lannete) 

30.00±10.50 
a 

30.00±10.50 
a 25.00±9.93 ab 20.00±9.17 26.25 

Spinosad 
(Tracer) 0.00±0.00 b 0.00±0.00 c 0.00±0.00 b 0.00±0.00 0.00 

Abamectin      
(Doxer) 0.00±0.00 b 0.00±0.00 c 5.00±5.00 ab 5.00±5.00 2.50 

Flufenoxuron  
(Cascade) 5.00±5.00 b 5.00±5.00  bc 5.00±5.00 ab 5.00±5.00 5.00 

Profenophos 
(Curacron) 

15.00±8.19 
ab 

20.00±9.17 
abc 25.00±9.93 ab 10.00±6.88 17.50 

Endosulfan 
(Thiodan) 

20.00±9.17 
ab 

25.00±9.93 
ab 20.00±9.17 ab 20.00±9.17 21.25 

Imidachloprid 

(Confidor) 
10.00±6.88 

ab 
20.00±9.93 

ab 
20.00±10.50 

ab 05.00±8.19 13.75 

Indoxacarb 
(Steward) 

15.00±5.00 
ab 

20.00±5.00  
abc 25.00±5.00 ab 20.00±5.00 20.00 

Control 0.00±0.00 b 0.00±0.00 c 0.00±0.00 b 0.00±0.00 0.00 

F-value 2.06 2.54 2.48 1.64 - 

P-value 0.029 0.007 0.008 0.098 - 

 
 Figures followed by same letter in a column are not significantly different 
 from each other at 5% DMRT. 
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Table-4.29 Toxicity of different insecticides against 1st instar larvae of C. carnea under 
laboratory conditions. 

 
Treatments % mortality after: 

6 hours 12 hours 24 hours 48 hours Total mortality 

Chloropyriphos 
(Lorsban) 43.75±3.75 b 53.75±4.97 a 2.50±2.50 b 0.00±0.00 b 100.00 

Thiodicarb 
(Larvin) 46.25±3.75 b 53.75±3.75 a 0.00±0.00 b 0.00±0.00 b 100.00 

Methomyl 
(Lannete) 48.75±3.50 b 51.25±3.50 a 0.00±0.00 b 0.00±0.00 b 100.00 

Spinosad 
(Tracer) 0.00±0.00 d 0.00±0.00 d 1.25±1.25 b 1.25±1.25 b 2.50 

Abamectin      
(Doxer) 0.00±0.00 d 0.00±0.00 d 1.25±1.25 b 2.50±1.63 b 3.75 

Flufenoxuron  
(Cascade) 0.00±0.00d 1.25±1.25 d 2.50±1.63 b 2.50±1.63 b 6.25 

Profenophos 
(Curacron) 36.25±4.19 c 47.50±4.11 a 10.00±1.88 a 0.00±0.00 b 93.75 

Endosulfan 
(Thiodan) 62.50±3.65 a 37.50±3.65 b 0.00±0.00 b 0.00±0.00 b 100.00 

Imidachloprid 

(Confidor) 
0.00±0.00 d 10.00±1.88 c 11.25±1.25 a 13.75±1.83 a 35.00 

Indoxacarb 
(Steward) 41.47±0.00 b 47.70±0.00 a 1.25±1.25 b 2.50±1.63 b 92.92 

Control 0.00±0.00 d 0.00±0.00 d 0.00±0.00 b 0.00±0.00 b 0.00 

F-value 100.44 79.48 9.50 13.88 - 

P-value 0.001 0.001 0.001 0.001 - 

 
Figures followed by same letter in a column are not significantly different from each other at 
5% DMRT. 
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Table-4.30 Toxicity of different insecticides against 2nd instar larvae of C. carnea under 
laboratory conditions.  

 

Treatments 
% mortality after: 

6 hours 12 hours 24 hours 48 hours Total mortality 

Chloropyriphos 
(Lorsban) 16.25±4.19 b 68.75±5.15 ab 8.75±3.50 a 5.00±1.88  98.75 

Thiodicarb 
(Larvin) 25.00±4.22 a 66.25±2.63 ab 3.75±1.82 b 3.70±1.82  98.70 

Methomyl 
(Lannete) 28.75±4.40 a 70.00±4.62 a 1.25±1.25 b 0.00±0.00  100.00 

Spinosad 
(Tracer) 0.00±0.00 c 0.00±0.00 d 0.00±0.00 b 1.25±1.25 1.25 

Abamectin      
(Doxer) 0.00±0.00 c 0.00±0.00 d 0.00±0.00 b 1.25±1.25 1.25 

Flufenoxuron  
(Cascade) 0.00±0.00 c 0.00±0.00 d 1.25±1.25 b 2.50±1.63 3.75 

Profenophos 
(Curacron) 6.25±1.82 c 61.25±3.50 b 3.75±1.82 b 1.20±1.25  72.45 

Endosulfan 
(Thiodan) 28.75±2.95 a 70.00±2.67 a 1.25±1.25 b 0.00±0.00  100.00 

Imidachloprid 

(Confidor) 
0.00±0.00 c 7.50±1.63 c 8.75±1.25 a 4.00±1.88  20.25 

Indoxacarb 
(Steward) 6.01±1.02 c  60.25±2.20 b 2.12±1.01 b 1.50±1.63  69.88 

Control 0.00±0.00 c 0.00±0.00 d 0.00±0.00 b 0.00±0.00  0.00 

F-value 25.94 171.14 4.83 1.89 - 

P-value 0.001 0.001 0.001 0.060 - 

 
Figures followed by same letter in a column are not significantly different from each other at 
5% DMRT. 
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Table-4.31 Toxicity of different insecticides against 3rd instar larvae of C. carnea under 
laboratory conditions. 

 

Treatments 
% mortality after: 

6 hours 12 hours 24 hours 48 hours Total mortality 

Chloropyriphos 
(Lorsban) 6.25±1.82 b 26.25±3.23 d 3.75±1.82 cd 2.50±1.63 abc 38.75 

Thiodicarb 
(Larvin) 7.50±1.63 b 27.50±2.50 cd 6.25±1.82 bc 2.50±1.63 abc 43.75 

Methomyl 
(Lannete) 13.75±1.82 a 40.00±2.67 ab 12.50±1.63 a 5.00±1.88 ab 71.25 

Spinosad (Tracer) 0.00±0.00 c 0.00±0.00 e 0.00±0.00 d 0.00±0.00 c 0.00 

Abamectin      
(Doxer) 0.00±0.00 c 0.00±0.00 e 0.00±0.00 d 0.00±0.00 c 0.00 

Flufenoxuron  
(Cascade) 0.00±0.00 c 0.00±0.00 e 0.00±0.00 d 2.50±1.63 abc 2.50 

Profenophos 
(Curacron) 6.20±1.82 b 33.75±4.19 bc 6.25±1.82 bc 2.50±1.63 abc 48.70 

Endosulfan 
(Thiodan) 10.00±2.67 ab 46.25±3.23 a 10.00±1.88 ab 1.25±1.25 bc 67.50 

Imidachloprid 

(Confidor) 
0.00±0.00 c 1.25±1.25 e 5.00±1.88 c 6.25±1.82 a 12.50 

Indoxacarb 
(Steward) 6.25±1.20  b 26.20±  d 3.71±1.70  cd 1.25±1.25 bc 37.41 

Control 0.00±0.00 c 0.00±0.00 e 0.00±0.00 d 0.00±0.00 c 0.00 

F-value 13.81 72.71 11.04 2.17 - 

P-value 0.000 0.000 0.000 0.029 - 

 
 Figures followed by same letter in a column are not significantly different at 5% 
 DMRT. 
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Table-4.32 Toxicity of different insecticides against adults of C.carnea under laboratory 
conditions. 

 

Treatments 
% mortality after: 

6 hours 12 hours 24 hours 48 hours Total mortality 

Chloropyriphos 
(Lorsban) 18.75±2.26 c 30.00±4.22 b 23.75±2.63 ab 18.75±3.50 a 91.25 

Thiodicarb 
(Larvin) 18.75±3.50 c 35.00±4.22 b 28.75±4.40 a 11.25±3.50 bc 93.75 

Methomyl 
(Lannete) 43.75±3.23 a 32.00±3.65 b 18.75±4.40 bc 5.00±2.67 cd 99.50 

Spinosad (Tracer) 0.00±0.00 d 0.00±0.00 c 0.00±0.00 d 0.00±0.00 d 0.00 

Abamectin      
(Doxer) 0.00±0.00 d 0.00±0.00 c 0.00±0.00 d 0.00±0.00 d 0.00 

Flufenoxuron  
(Cascade) 0.00±0.00 d 0.00±0.00 c 1.25±1.25 d 1.25±1.25 d 2.50 

Profenophos 
(Curacron) 20.00±2.67 c 32.50±4.53 b 21.25±3.98 b 16.25±3.23 ab 90.00 

Endosulfan 
(Thiodan) 32.50±2.50 b 43.75±3.75 a 12.50±2.50 c 6.25±1.82 cd 95.00 

Imidachloprid 

(Confidor) 
0.00±0.00 d 0.00±0.00 c 0.00±0.00 d 5.00±2.67 cd 5.00 

Indoxacarb 
(Steward) 18.50±2.50 c 30.60±4.60  b 20.25±1.70   b 1.25±1.25 d 70.60 

Control 0.00±0.00 d 0.00±0.00 c 0.00±0.00 d 0.00±0.00 d 0.00 

F-value 65.19 44.77 21.00 8.88 - 

P-value 0.001 0.001 0.001 0.001 - 

 
 Figures followed by same letter in a column are not significantly different from each 
 other at 5% DMRT. 
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4.16 Field release performance of Chrysoperla carnea eggs for population 
management of sucking insects of cotton (2005) 

 
 
  Aphid, Aphis gosypii: The population reduction of A. gossypii after 

release of C. carnea egg cards in cotton crop under field conditions and its comparison 

with control treatment is shown in Table 4.33, indicated that predator was able to 

reduce pest population. Its pressure on pest population steady increased as was evident 

from percent reduction in pest population over the succeeding time intervals. At the 

start of season pest population was above economic injury level in both treatments. By 

the end of season, the population in C. carnea egg-card released treatment was almost 

zero, whereas, in control treatment it was 12.05 aphids per leaf. On an average release 

of C. carnea in cotton caused 76.14% reduction of pest population. The pest population 

reduction in predator released treatment was significant (F= 8351.62; DF= 1, 224;        

P <0.001) compared with control treatment.  

 

  Jassid, Amrasca devastans : Jassid population in C. carnea egg cards 

released and control cotton plots indicated that predators were able to hold pest 

population in treated plot below economic threshold, whereas, in control plot it was 

above economic threshold during the months of June and July (Table 4.34). The 

difference of pest population development in treated and control plots were significant 

(F= 2486.89; DF= 1, 224; P <0.001).  

 

  Thrips, Scirtothrips dorsalis : Thrip population was significantly 

(F=777.64; DF= 1, 224; P <0.001) reduced in C. carnea released treatment compared 

with control treatment (Table 4.35). At the initial stage of release program, pest 

population was above economic injury level which was reduced to below economic 
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injury level in C. carnea released treatment. On an average predator was able to reduce 

pest population by 37.59 percent.   

 

  Whitefly, Bemisia tabaci : Whitefly population reduction in C. carnea 

egg cards released cotton crop compared with control treatment plot (Table 4.36) 

indicated that at the initial stage pest population in both treatments was almost same, 

and was above economic threshold. After the release of predator pest population started 

to decrease slowly in C. carnea released plots. The overall pest population reduction in 

C. carnea released treatment was significantly (F= 5671.49; DF= 1, 224; P <0.001) less 

compared with control treatment. 

 

  The monthly mean population of C. carnea larvae recorded in 

different treatments of cotton crop shown in Table 4.37 indicated that predator 

population was significantly higher in cotton crop in which C. carnea egg cards were 

released compared with control cotton crop plots.  

 

 

Field release performance of Chrysoperla carnea eggs for population management 
of sucking insects of cotton (2006) 
 
 
  Aphid, Aphis gosypii : Release and placement of C. carnea egg cards in 

cotton crop had a significant (F= 190.66; DF= 3, 224; P <0.001) effects on aphid 

population reduction compared with control treatment (Table 4.38). At the beginning of 

season in first week of June the aphid population was 9.80 aphids/ leaf which reduced 

to 0.03 aphid/ leaf in the end of season. Release of C. carnea in cotton was able to 

reduce pest population more than 99% compared to control indicating that C. carnea 

was effective against aphid in cotton crop.    
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  Jassid, Amrasca devastans : Compared with other sucking insect pest 

species, Jassid, Amrasca devestas population was less severe in cotton crop during the 

2006 cropping season. For the first few observations pest population in C. carnea 

released treatment was above economic threshold, which came under control after 

release of predator. On overall basis, there was significant (F= 1389.94; DF= 1, 224;     

P <0.001) difference in population development of pest in treated and control plots 

(Table 4.39).   

 

  Thrips, Scirtothrips dorsalis : At the beginning of the season, thrip 

population in cotton crop was almost same as previous year (Table-4.35 and Table-

4.40). Predator was able to reduce pest population significantly (F= 396.72; DF= 3, 

224; P <0.001) compared with control. During 2006 crop season thrip population in 

control plot was higher than previous year crop. On overall basis predator was able to 

reduce pest population by 60.3%.  
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Table-4.33 Mean per leaf population of Aphid Aphis gossypii, on cotton (NIAB-
78) after release of C. carnea eggs under field conditions during 
2005. 

 
Month/ Week  Treated Untreated Reduction (%) 

June 

1st  8.87±0.135 k 9.91±0.338 jk 7.97 

2nd  7.25±0.348 l 11.01±0.384 ij 34.15 

3rd  6.07±0.182 m 12.25±0.431 gh 50.44 

4th  5.30±0.190 mn 14.13±0.361 ef 62.49 

July 

1st 4.83±0.223 no 16.85±0.530 d 71.33 

2nd  4.58±0.209 no 18.58±0.577 c 75.34 

3rd  4.41±0.219 no 20.59±0.672 b 78.57 

4th  4.13±0.229 nop 22.18±0.739 a 81.37 

August 

1st 3.82±0.209 op 22.49±0.802 a 83.00 

2nd  2.92±0.108 pq 23.25±0.800 a 87.44 

3rd  2.12±0.135 q 22.67±0.820 a 90.64 

4th  0.80±0.173 r 20.00±0.738 b 96.00 

September 

1st 0.02±0.016 r 16.82±0.144 d 99.88 

2nd  0.01±0.012 r 15.02±0.226 e 99.93 

3rd  0.02±0.016 r 13.34±0.248 fg 99.84 

4th  0.01±0.012 r 12.05±0.207 hi 99.91 

 Average 
Reduction 

  76.143±26.26 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.34 Mean per leaf population of Jassid Amrasca devastans, on cotton 
(NIAB-78) after release of C. carnea eggs under field conditions 
during 2005. 

 

Month/ Week Treated Untreated Reduction (%) 

June 

1st  1.86±0.059 g 1.85±0.138 b -0.54 

2nd  1.63±0.075 gh 4.16±0.120 a  60.81 

3rd  0.91±0.105 jk  4.22±0.108 a  78.43 

4th  0.70±0.070 klm 3.33±0.167 c  78.78 

July 

1st 0.52±0.061 lmn 3.17±0.149 cd 83.59 

2nd  0.31±0.035 nop 2.96±0.138 d  89.52 

3rd  0.175±0.031 op 2.66±0.136 e 89.52 

4th  0.15±0.080 op 2.22±0.148 f  93.24 

August 

1st 0.05±0.035 p  1.53±0.126 hi  96.73 

2nd  0.02±0.012 p 1.28±0.152 I  98.43 

3rd  0.04±0.013 p 1.02±0.116 j  96.07 

4th  0.01±0.008 p 0.68±0.083 klm 98.52 

September 

1st 0.08±0.060 p 0.75±0.082 kl 89.33 

2nd  0.01±0.011 p 0.43±0.070 mno 97.67 

3rd  0.01±0.002 p 0.32±0.064 nop 96.87 

4th  0.02±0.015 p 0.26±0.049 nop  92.30 

 Average 
Reduction 

  83.70±6.08 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.35 Mean per leaf population of Thrips Scirtothrips dorsalis, on cotton 
(NIAB-78) after release of C. carnea eggs under field conditions 
during 2005. 

 
Month/ Week Treated Untreated Reduction (%) 

June 

1st    11.50±0.142 a  11.56±0.311 a 0.51 

2nd  9.72±0.231 cd 11.77±0.267 a 17.41 

3rd  8.20±0.213 f  11.80±0.244 a  30.50 

4th  6.81±0.169 g  11.11±0.211 ab 38.70 

July 

1st 6.43±0.141 ghi 10.45±0.111 bc 38.46 

2nd  5.68±0.177 hij  10.05±0.136 c  43.48 

3rd  5.48±0.124 ijk  9.67±0.165 cde 43.32 

4th  5.05±0.092 jkl  10.39±0.212 bc 51.34 

August 

1st 4.57±0.138 klm 9.91±0.186 cd 48.65 

2nd  4.16±0.105 lmn 6.68±0.902 gh 37.72 

3rd  3.81±0.132 mn 5.83±0.618 ghij 34.64 

4th  3.42±0.146 no  5.61±0.579 ijk 39.03 

September 

1st 3.21±0.114 no  5.38±0.550 jk 40.33 

2nd  2.77±0.126 o  5.20±0.537 jkl 46.72 

3rd  2.68±0.128 o  4.78±0.521 jklm 43.93 

4th  2.41±0.125 o  4.53±0.530 klm 46.79 

 Average 
Reduction 

  37.59±3.18 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.36 Mean per leaf population of Whitefly Bemisia tabaci, on cotton 
(NIAB-78) after release of C. carnea eggs under field conditions 
during 2005. 

 
Month/ Week Treated Untreated Reduction (%) 

June 

1st   7.71±0.248 def  7.81±0.107 cde 1.28 

2nd  5.71±0.190 i  8.22±0.149 abc  30.53 

3rd  5.53±0.204 ij 8.35±0.176 ab 33.77 

4th  5.13±0.180 j  8.06±0.101 bcde  36.35 

July 

1st 4.67±0.122 k  7.68±0.145 def 39.19 

2nd  4.33±0.094 k  7.57±0.142 f  42.80 

3rd  3.52±0.160 l  7.62±0.160 ef 53.80 

4th  3.17±0.114 lm 8.58±0.170 a  63.05 

August 

1st 2.82±0.088 mn 8.15±0.182 abcd 65.39 

2nd  2.68±0.078 no 7.83±0.110 cdef 65.77 

3rd  2.57±0.099 no 7.67±0.139 ef 66.49 

4th  2.57±0.129 no  7.41±0.078 fg  65.31 

September 

1st 2.40±0.106 no  6.75±0.176 h  64.44 

2nd  2.36±0.067 no 7.11±0.186 gh 66.80 

3rd  2.30±0.092 o  6.78±0.132 h 66.07 

4th  2.23±0.067 o  5.98±0.238 i 62.70 

 Average 
Reduction 

   51.48±4.75 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.37 Monthly mean population of C. carnea per plant in the cotton field, 
2005. 

 

Months 
Mean population per plant 

T-value P-value 
Treated Untreated 

June 0.553±0.0070 0.011±0.0023  73.49 0.001 

July 1.807±0.085 0.025±0.0019  20.94 0.001 

August 2.619±0.019 0.032±0.0016  137.41 0.001 

September 2.500±0.030 0.021±0.0012 82.88 0.001 
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  Whitefly, Bemisia tabaci : Predator was able to reduce pest population 

significantly (F= 595.08; DF= 3, 224; P <0.001). Pest population during 2006 crop was 

slightly higher compared with previous year (Tables 4.36 and 4.41). By the end of 

season the pest population reduction in predator released treatment was almost about 

50% in both year studies. The level of population reduction of whitefly was less 

compared with aphid.  

  

 Population of C. carnea after release in cotton crop compared with 

control treatment shown in Table 4.42 indicated that population of predator was 

significantly higher in cotton crop in which it was released. Predator population 

steadily built up from 0.94 predators per plant to more than 2.50 insects per plant. In 

control plot treatment, the same was negligible, ranging between 0.002 to 0.014 

predators per plant. Predator population in treated and control plots were almost 

identical during two year study period (Tables 4.37 and 4.42).    

 
 
4.17 Release of Chrysoperla carnea larvae in cotton field cage  
 
 

   There was significant effect of release of C. carnea larvae on the 

population reduction of sucking insect pests (Table 4.43). Significantly the highest 

(10.11%) pest population reduction (F= 442.28; DF= 2, 84; P <0.001) was caused by 

the release of third instar followed by second (7.68%) and first (4.96%) instar larvae   

C. carnea larvae. Effectiveness of C. carnea in reducting different insect pests 

population was also significantly (F= 247.8; DF= 3, 84; P <0.001). C. carnea larvae 

caused the highest population reduction of aphids (10.79%) followed by whitefly 

(7.24%), thrips (6.60%) and jassid (5.70%).   
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Table-4.38 Mean per leaf population of Aphids Aphis gossypii, on cotton 
(NIAB-78) after release of C. carnea eggs under field conditions 
during 2006. 

 

Month/ Week  Treated Untreated Reduction (%) 

June 

1st   9.80±0.220 kl  10.18±0.209 k 3.73 

2nd  9.08±0.210 lm 10.59±0.245 k 14.17 

3rd  8.72±0.245 m 11.99±0.330 j 27.27 

4th  6.70±0.372 n 13.38±0.157 i  49.88 

July 

1st 5.95±0.315 n  18.45±0.349 h 67.75 

2nd  4.51±0.228 o  21.94±0.338 ef 79.61 

3rd  4.00±0.243 o 25.42±0.466 a  84.26 

4th  2.65±0.121 p 24.55±0.326 ab 89.20 

August 

1st 2.12±0.083 pq  23.76±0.339 bc 91.07 

2nd  1.38±0.166 q  24.70±0.438 ab 94.41 

3rd  0.12±0.052 r  24.15±0.522 bc 99.50 

4th  0.02±0.016 r  23.39±0.568 cd 99.91 

September 

1st 0.01±0.012 r 22.58±0.597 de 99.95 

2nd  0.01±0.012 r 22.24±0.416 e 99.95 

3rd  0.02±0.016 r 21.09±0.466 f 99.90 

4th  0.03±0.018 r 19.36±0.526 g 99.84 

 Average 
Reduction 

    75.02±33.05 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.39 Mean per leaf population of Jassid Amrasca devastans, on cotton 
(NIAB-78) after release of C. carnea eggs under field conditions 
during 2006. 

  
Month/ Week Treated Untreated Reduction (%) 

June 

1st   3.65±0.166 b  2.60±0.105 d -40.38 

2nd  2.42±0.216 d  3.90±0.113 a  37.94 

3rd  1.75±0.178 fg 3.68±0.141 ab 52.18 

4th  1.03±0.026 h  2.96±0.119 c  65.20 

July 

1st 0.38±0.066 j  2.02±0.016 e 81.18 

2nd  0.20±0.046 jk  1.81±0.054 ef 88.95 

3rd  0.12±0.031 k  1.71±0.051 fg 92.98 

4th  0.07±0.025 k 1.63±0.041 fg 95.70 

August 

1st 0.03±0.256 k 1.52±0.041 g 98.02 

2nd  0.02±0.016 k 0.97±0.083 h 97.93 

3rd  0.01±0.012 k 0.65±0.086 i 98.46 

4th  0.02±0.016 k 0.71±0.076 i 97.81 

September 

1st 0.01±0.012 k 0.41±0.063 j  98.96 

2nd  0.02±0.016 k 0.18±0.039 jk 88.88 

3rd  0.02±0.016 k 0.10±0.037 k  80.00 

4th  0.01±0.125 k 0.06±0.026 k 83.33 

 Average 
Reduction 

  76.07±5.22 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.40 Mean per leaf population of Thrips Scirtothrips dorsalis, on cotton 
(NIAB-78) after release of C. carnea eggs under field conditions 
during 2006. 

 
Month/ Week Treated Untreated Reduction (%) 

June 

1st   9.61±0.063 k  10.07±0.278 def 4.56 

2nd  5.98±0.151 l  10.66±0.300 bc 43.90 

3rd  5.43±0.117 m  11.26±0.205 a  51.77 

4th  4.96±0.080 mn  10.52±0.218 bcd 52.85 

July 

1st 4.68±0.107 no  10.26±0.304 bcde  54.38 

2nd  4.22±0.130 op  9.93±0.211 ef 59.50 

3rd  3.81±0.144 pq 9.73±0.190 efg 60.84 

4th  3.66±0.151 qr  11.25±0.239 a  67.46 

August 

1st 3.40±0.153 qr 10.76±0.185 ab 68.40 

2nd  3.13±0.173 rs 10.13±0.180 cdef 69.07 

3rd  2.85±0.221 st 9.62±0.165 fg 70.37 

4th  2.53±0.184 tu 9.28±0.157 gh 72.73 

September 

1st 2.45±0.222 tu  8.98±0.151 hi  72.71 

2nd  2.28±0.207 u  8.58±0.160 I  73.42 

3rd  2.10±0.106 u  7.60±0.141 j  72.36 

4th  2.01±0.109 u  6.91±0.110 k  70.91 

 Average 
Reduction 

  60.32±4.36 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.41 Mean per leaf population of Whitefly Bemisia tabaci, on cotton 
(NIAB-78) after release of C. carnea eggs under field conditions 
during 2006. 

 
Month/ Week Treated Untreated Reduction (%) 

June 

1st   8.66±0.09 b 8.50±0.175 b -1.88 

2nd  6.12±0.220 fgh 8.67±0.211 b 29.41 

3rd  5.90±0.192 ghi 9.67±0.280 a  38.98 

4th  5.61±0.223 hij 8.72±0.175 b 35.66 

July 

1st 5.18±0.115 jkl 8.32±0.133 b 37.74 

2nd  5.08±0.089 kl 7.75±0.141 c 34.45 

3rd  4.82±0.122 l  7.41±0.151 cd 34.95 

4th  4.07±0.156 m  7.00±0.237 de 41.85 

August 

1st 3.52±0.109 n  6.87±0.125 e  48.76 

2nd  2.96±0.092 op  8.38±0.212 b 64.67 

3rd  3.32±0.147 no  7.78±0.202 c  57.32 

4th  2.65±0.114 pq  6.57±0.279 ef  59.66 

September 

1st 2.60±0.120 pq  5.88±0.144 ghi 55.78 

2nd  2.45±0.111 pq 5.51±0.130 ijk 55.53 

3rd  2.32±0.154 q 5.78±0.149 ghi 59.86 

4th  2.36±0.119 q 4.98±0.161 l 52.61 

 Average 
Reduction 

   44.08±3.96 

 
 Figures followed by same letter in a column are not significantly (P<0.05) 
 different from each other by DMR test.  
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Table-4.42 Monthly mean population of C. carnea per plant in the cotton field, 

2006.  
 

Months 
Mean population per plant 

T-value P-value 
Treated Untreated 

June 0.941±0.0146  0.002±0.0016  63.50 0.001 

July 2.009±0.0151  0.030±0.0018  129.44 0.001 

August 2.201±0.0074  0.021±0.0047  246.64 0.001 

September 2.518±0.0302  0.014±0.0026  82.53 0.001 
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 Table-4.43 Mean population reduction (%) of sucking insect pests after release of C. 
carnea larvae in field cage of cotton. 

 

Insects 
Instars Total Control 

(%) Mean±S.E. 
1st 2nd 3rd 

Aphids 8.25±0.19 e 11.38±0.12 b 12.73±0.64 a 32.36 10.79±1.326 A 

Jassids 3.70±0.27 h 5.33±0.13 g 8.08±0.13 e  17.10 5.70±1.278 D 

Thrips 3.96±0.18 h 6.38±0.11 f 9.46±0.17 d 19.80 6.60±1.591 C 

Whiteflies 3.93±0.08 h 7.62±0.18 e 10.17±0.16 c 21.56 7.24±1.811 B 

Total  Control 
% 19.85 31.18 40.23 90.82 - 

Mean±S.E. 4.96±1.098 C 7.68±1.319 B 10.11±0.975 A - - 

 
 Means sharing similar letter in a row or in a column are statistically non-
 significant (P>0.05). 
 
 Small letters represent comparison among interaction means and capital letters 
 are used for overall mean.  
 
             Instar = 442.28** 
             Insect = 247.90** 
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CHAPTER - V 
 
 

DISCUSSION 
 
 

 In the present studies larval food significantly affected the length of 

larval period. The shortest larval period was recorded on S. cerealella eggs, while 

longest on H. armigera eggs. Balasubramani and Swamiappan (1994) studied 

development of C. carnea on different hosts in laboratory and found that larval 

development was rapid on eggs of Corcyra cephalonica (8.20 days) and longest         

on neonates of H. armigera (11.10 days). Mannan et al. (1997) studied biology of           

C. carnea on A. gossypii and M. persicae and observed that larval duration was long 

when fed on M. persicae. Saminathan et al. (1999) and Bansod and Sarode (2000) 

studied biology and feeding potential of C. carnea on different hosts and noted that 

developmental period of C. carnea ranged from 18.6 days on Aphis cracivora to 22.7 

days on H. armigera neonate larvae. Giles et al, (2000) studied nutritional interactions 

among alfalfa, Medicago sativa and faba bean, Vicia faba, as host plants, pea aphid, 

Acyrthosipnon pisum an herbivore and C. carnea a predator. C. carnea larvae 

developed faster on pea aphid reared on alfalfa than on pea aphid raised on faba bean. 

Chemical analysis showed that aphids reared on faba bean had 6.3 times more levels of 

myristic acid. The duration of development of C. carnea was significantly different on 

three aphid species. It was shortest when larvae were fed A. gossypii followed by       

M. persicae and Lipaphis erysimi (Liu and Chen, 2001). Ballal and Singh (1999) and 

Bartlett (1984) studied the host plant-mediated orientational and ovipositional 

behaviour of three species of chrysopids and found that C. carnea females had 

significantly higher preference for sunflower and cotton, while pigeonpea was less 
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preferred. On cotton, C. carnea preferred to lay more eggs on underside of leaves than 

on buds. Flint et a.l (1979) reported that damaged cotton plants release the terpenoid β 

caryophyllene which attracts C. carnea. 

 

  Survival to adult stage and fecundity of C. carnea was affected due to 

feeding on different hosts. The maximum survival to adult stage and fecundity were 

recorded when C. carnea were reared on S. cerealella eggs, while minimum survival to 

adult stage and fecundity were found for insects feeding on P. gossypiella eggs. Osman 

and Selman (1993) investigated the influence of different aphid species on larval 

development and fecundity of C. carnea. M. persicae and A. pisum were suitable, while 

A. fabae was most unsuitable prey causing high juvenile mortality. C. carnea larvae fed 

on this aphid and Macrosiphum albifrons had reduced fecundity. The survival of larvae 

of C. carnea feeding on A. cracivora, Drosophila melanogaster and C. cephalonica 

were 51.8, 80.9 and 86.7%, respectively. While C. carnea laid 1079, 582 and 172.8 

eggs/ female when reared on C. cephalonica, D. melanogaster and A. cracivora, 

respectively (Tesfaye and Gautam, 2002). When Obrycki et al. (1989) fed C. carnea 

larvae on Ostrinia nubilalis and Agrotis ipsilon eggs, 26-40% larvae died and when 

reared on A. ipsilon neonates, 65%, while all larvae died when fed O. nubilalis 

neonates, which was due to entanglement in silk produced by these larvae. 

   

  Liu and Chen (2001) determined the development, survival and 

predation of C. carnea on three aphid species, A. gossypii, M. persicae and L. erysimi. 

Survival was significantly different on aphid species; when larvae were fed on            

A. gossypii and M. persicae, 94.4 and 87.6% individuals developed to adult stage, 

respectively; whereas, only 14.9% when fed L. erysimi. Duration of development was 
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significantly short (19.8 d) when fed A. gossypii followed by M. persicae (22.8 d) and 

L. erysimi (25.5 d). Similarly, C. carnea consumed more A. gossypii (292.4) and M. 

persicae (272.6) than L. erysimi (166.4). Zheng et al., (1993) found a highly significant 

positive correlation between prey consumed during larval stage and adult body weight 

of C. carnea. 

 

  Food consumption varied in C. carnea depending upon the host species. 

The maximum amount of food was consumed when fed on S. cerealella eggs followed 

by A. gossypii and P. solenopsis, in the present studies. C. carnea larvae are voracious 

predators of A. gossypii, H. virescens, H. zea, H. armigera, P. gossypiella, and 

Leptinotarsa decemlineata (Lingern et al., 1968; Rafiq, 1974; Nordlund et al., 1991; 

Balasubramani and Swamiappan, 1994) and other soft body insects. C. carnea larva 

killed a mean total of 567.3 eggs of Tetranychus urticae, consuming 7.5 in first, 20.9 in 

second and 71.6% in third instar (Sengonca and Coeppicus, 1985). Sengonca and 

Grooterhorst (1985) studied feeding activity of C. carnea on eggs of Barathra 

brassicae and S. littoralis and found that during larval development a single larva 

consumed 426.2 eggs of B. brassicae and 982.9 eggs of S. littoralis. C. carnea larva 

consumed on an average 377 and 641 egg of O. nubilalis and A. ipsilon, respectively 

and 2056 of A. ipsilon neonates during larval development (Obrycki et al., 1989). 

Yuksel and Gocmen (1992) determined prey consumption of C. carnea at 25 and 30°C 

in laboratory on Aphis gossypii. Prey consumption by first instar larva was 53.6 and 

60.3 at 25 and 30°C, respectively, while that of second instar was 174.4 and 88.6 and 

that of third instar was 724.4 and 506.7 aphids. Nasreen et al., (2004) determined effect 

of food on larval life of C. carnea. High food levels 48 and 60 mg S. cerealella eggs 

with two and three eggs of predators had the highest larval weight compared to less 
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quantity of host eggs. Balasubramani and Swamiappan (1994) worked on feeding 

potential of C. carnea on insect pests of cotton under laboratory conditions. During 

development each larva of C. carnea consumed on an average 732.3, 662.5 eggs of     

C. cephalonica and H. armigera, respectively, 419.2 A. gossypii, 409.6 neonates of     

H. armigera, 329.7 nymphs of B. tabacci and 288.5 nymphs of A. biguttula. Klingen et 

al. (1996) investigated the rate of predation of C. carnea on Memestra brassicae eggs 

and larvae. C. carnea preyed on a mean of total of 312 eggs and 232 larvae of M. 

brassicae during larval development. C. carnea consumed a total of 32 mg of eggs and 

70 mg of larvae of M. brassicae during its larval development. Saminathan et al. (2003) 

studied the influence of prey density on predatory potential of C. carnea and found that 

predatory potential of C. carnea was high when the prey density was high.  

 

  In present study, various variations of Cohen and Smith (1998) semi-

solid diet were tested. Diet No. 2 (Table 3.1) was better and adopted for rearing of      

C. carnea. The result indicated that artificial diet is a suitable alternative for rearing of 

C. carnea larvae. The protein, lipid, carbohydrate and water contents of diet were 

similar to the nutrient profile of lepidopteran eggs (Cohen, 1992) and gross 

composition of lepidopteran larvae (Cohen, 1998). The artificial diet was protein-rich 

diet and C. carnea thrived better than its factitious host S. cerealella eggs diet.            

C. carnea fed on artificial diet had higher egg fertility, larval survival and adult 

emergence than natural diet of S. cerealella eggs. Pupae and adults of C. carnea 

developed from artificial diet weighed more and laid significantly more eggs than those 

developed on natural diet of S. cerealella eggs. Similar results were obtained by Letardi 

and Caffarelli, 1989 and Cohen and Smith (1998) for another species Chrysoperla 

rufilabris.         
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 While preparing artificial diet for entomophages, use of inert non-

digestive fillers such as agar, cellulose etc. should be avoided (Singh, 1977). This semi-

solid diet supported continuous production of C. carnea that were aggressive predators. 

The viability of predator was normal up to 18 generations. It had been reported that 

quantitative food inadequacy and inadequate nutrition usually results in great changes 

in the metabolism, behaviour and other characteristics of insect’s vital activity 

(Yazlovetsky, 1992) and changes in the quality also affect fecundity, fertility and sex 

ratio in progeny (Hagley and Barber, 1992; Uckan and Gulel, 2000). Performance on 

artificial diet was generally superior or equal to that on the factitious host in present 

study. No reduction in population numbers in early generations was observed when 

insects were subjected to feeding on artificial diet (Bartlett, 1964; Cohen, 1992).  This 

may be due to fact that the diet was a very nutrient-rich mixture of dietary components, 

especially lipids and was comparable to prey eggs and larvae in provision of nutrition 

(Cohen, 1992, 1993; Cohen and Smith, 1998; Florkin and Jeuniaux, 1974). Hen egg in 

the diet provided lipoproteins and phospholipids, which were an excellent replacement 

for insect components (Adams, 1975; Cohen and Smith, 1998). Venkatesan et al. 

(2000) reared C. carnea for 10 successive generations on a larval semi-synthetic diet. 

Larval development period was longer on semi-synthetic diet than on C. cephalonica 

eggs. Adult emergence of C. carnea reared on semi-synthetic and C. cephalonica eggs 

was 56.7 and 82.5%, respectively. Zaki and Gesraha (2001) used algae, Chlorella 

vulgaris as a source of protein for C. carnea larvae in semi-artificial diet. Larval 

duration was extended up to 30 days and larvae failed to pupate. Addition of 

carbohydrates, salts and vitamins was necessary for larvae to complete their 

development.  
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    In present study, larval density of C. carnea significantly affected the 

larval and pupal period, pupal weight, pupal recovery and percent adult emergence. 

Sherds of packing material reduced the direct larval encounters with each other, thus 

reducing the cannibalism. Cannibalism has been observed frequently in laboratory 

settings under conditions of food limitation (Canard and Duelli, 1984). Results of this 

work are in agreement with those of Sgobba and Zibordi (1985) who used different 

methods of controlling cannibalism during mass rearing of C. carnea. The greatest 

inhibitor of cannibalism proved to be polystyrene chips, which when used to fill the 

rearing box to 75% of its capacity, prevented the larvae from encountering and eating 

each other. Reduced quantities of polystyrene chips increased cannibalism and adult 

emergence fell to 34% owing to cannibalism. Daane and Yokota (1997), compared two 

delivery systems for release of Chrysoperla spp. for control of leafhopper pests. In one 

delivery system a mixture of lacewing eggs and corn girt was placed in paper cups and 

were distributed in vine rows. This delivery system resulted in poor egg hatch 

attributed primarily to cannibalism compared with eggs reared in individual cells.  

  

  When eggs of C. carnea were stored at 5°C, no egg survived after one 

week of storage. At 7°C, 65% eggs survived when stored for one week; there was no 

survival at two week storage period. Egg survival was 71% when stored at 9°C for one 

week and no survival at two week storage periods. The survival of eggs was close to 

control (26°C) temperature survival at 15°C. In augmentive biological control of insect 

pests, the most desirable life stage of C. carnea for field release was either egg or early 

larval stage. For logistical reasons, eggs may be stored temporarily before release; 

therefore, this study was carried out to ascertain effect of cold storage on egg survival 

of C. carnea in local population of Pakistani origin. Lopez-Arroyo et al. (2000) 
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exposed eggs of neotropical lacewing species Ceraeochrysa cubana (Hagen), C. smithi 

(Navas), and Chrysoperla externa (Hagen) to moderately low temperatures. The 

temperature range for successfully storing eggs of two Ceraeochrysa spp. was narrow 

and relatively high, whereas, for C. externa was considerably broader. For first two 

species no hatching took place up to 10°C, whereas, from 72 to 100% hatching was 

recorded for C. externa at 10°C. In present study, at 11°C, 72 and 67% eggs of            

C. carnea survived when stored for one and two weeks, respectively. 

 

  Cold storage of adults of C. carnea affected different biological 

parameters. Pre-oviposition of control insects was more or less 3.0 days, which 

increased due to cold storage. When adults were stored at 5°C for one week the pre-

oviposition period was 4.62 days which increased to 6.75, 7.75 and 10.00 days after 

storage period of 2, 3 and 4 weeks, respectively. Contrary to pre-oviposition, 

oviposition period of C. carnea adults decreased compared to control due to storage at 

various low temperatures. Oviposition period decreased successively during succeeding 

weeks. In the same week oviposition period was relatively short at low temperature 

compared with higher range. The same pattern of egg laying and fertility of eggs was 

observed in this study. Almost similar results are reported by Tauber et al., (1993) for 

C. carnea adults stored for various time intervals at 5°C. Chang et al., (1995) further 

confirmed that long term storage (18-31 weeks or more) was most efficient when pupae 

or young adults experienced decrease in day length and diapausing adults were 

maintained under very short day length (8: 16 [L: D] h) at 5°C; under these conditions 

reproduction by post storage adults equated that of unstored adults. 
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  Depending upon objectives and dose, insects exposed to radiation are 

affected in various ways. When dose is sufficiently high, it causes deleterious effects on 

biology, while low dose produces sub-lethal effects, which could be exploited for 

economic purposes. In present study, C. carnea larvae and pupae were exposed to low 

doses of γ-radiation to improve biological attributes of C. carnea to be exploited for the 

population management of insect pests of cotton. When first instar C. carnea larvae 

were exposed to various doses, only 5 Gy increased larval duration; doses from 15 to 

35 Gy decreased larval duration. C. carnea larvae when exposed as 2nd and 3rd instars, 

exposure increased their larval duration compared with control. C. carnea exposed as 

first, second and third instar larvae or as pupae, decreased pupal period of insects 

compared with control. Radiation adversely affected emergence, which was dose 

dependent. Compared with larvae, pupae were more radiosensitive. Pupae became 

resistant to radio sensitivity as they aged. In a related study, Tesfaye et al., (2001) 

determined the effect of radiation on biological attributes of C. carnea, and found that 

low doses (10, 15 and 20 Gy) of Co60 reduced pupal period, adult emergence and 

longevity of males and females compared with control insects. Feeding of irradiated 

prey eggs to C. carnea increased larval survival, fecundity and female sex ratio (Hamed 

et al., 2008). 

 

  Many studies had been reported in which insects were exposed to 

various doses of radiation. Adult longevity of Tribolium destructor was significantly 

reduced by doses of 10 krad and above (Brower, 1975). Eggs of Dermestes maculates 

were more susceptible to γ-radiation than other stages. Eggs radio sensitivity decreased 

with increasing embryonic development. The development period increased in treated 

larvae. Pupae (24 h) treated with 150 Gy failed to eclose, but eclosion was not affected 
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in old pupae (Seal and Tilton, 1986). Newly hatched larvae of S. litura treated with 

different gamma doses (1-7 Krad) suffered a reduction in the pupal formation and adult 

emergence (Seth and Sehgal, 1987). Ely and Jungreis (1977) attributed larval mortality 

due to radiation-induced chromosal aberrations in somatic tissues of insects. While 

radiation-induced inhibition of eclosion was caused by a disruption of some component 

or phase in eclosion hormone production (Rahman et al., 1998). Females were more 

sensitive to radiation than males (Seth and Sehgal, 1987; AbouElela et al., 1989;        

Al-Taweel et al., 1989; Arther et al., 1998) when males of Ephestia calidella were 

irradiated with sub-sterile doses (100, 150 and 200 Gy), they were sexually more 

competitive with normal males than those irradiated with sterilizing dose (400 Gy) 

(Boshra and Mikhaiel, 2006). When 9-10 d old pupae of Ectomyelois ceratoniae were 

irradiated with 200, 250 and 300 Gy, adult morphology fecundity and fertility were 

slightly affected (Dhouibi and Abderahmane, 1998).  

 

 Farmers tend to be damage averse (Norton and Conway, 1977) and 

sometime do not wait until a natural enemy available operating in the field show its full 

potential of reducing pest population and spray their crops (Hussain, 1987; Goldman, 

1987). Spraying of crops with chemical pesticides damage natural enemies in various 

ways. The toxicity of pesticides to natural enemies depends upon many factors, such as 

intrinsic toxicity of compound to natural enemies, formulation, time and method of 

application (Studebaker and Kring, 2003; Galvan et al., 2006). The susceptibility of C. 

carnea to pesticides vary, for example, synthetic pyrethroids were reported to have 

comparatively low toxicity against C. carnea (Rajakulendran and Plapp. 1982; Sterk et 

al., 1999), while organophosphate insecticides were usually more toxic to C. carnea 

(Bigler and Waldburger, 1994).       



 150 

  Insect egg chorion provides protection to delicate embryo against 

environmental hazards including pesticides and prevent penetration of pesticides 

(Bartlett, 1964; Medina et al., 2001), therefore C. carnea eggs were reported to be 

highly tolerant to pesticides (Canard et al., 1984; Grafton-Cardwell and Hoy, 1985; 

Bueno and Freitas, 2004; Giolo et al., 2009). This study showed that spinosad was the 

most safe insecticide for C. carnea eggs followed by abamectin and flufenoxuron, 

while methomyl followed by chloropyriphos, thiodicarb and endosulfan were the most 

toxic insecticides. Bueno and Freitas (2004) treated eggs of C. externa, and found that 

abamectin and lufenuron did not affect the viability of eggs. Giolo et al., (2009) 

sprayed the field recommended concentration of five insecticides on 3 day old eggs of 

C. carnea and showed that the egg survival was 97.1, 94.3, 94.3, 100.0 and 94.3% for 

abamectin, deltamethrin methoxyfenozide, phosmet and trichlorfon, respectively. 

Mandour (2009) found spinosad harmless to C. carnea eggs irrespective of 

concentrations or method of treatments.  

  

  Chlorpyriphos, thiodicarb, methomyl and endosulfan were highly toxic 

insecticides against first instar C. carnea larvae causing 100% mortality followed by 

profenophos and indoxacarb. While, spinosad, abamectin and flufenoxuron were safer 

insecticides causing less than 5% mortality after 48 hrs of treatment. Impidachloprid 

was moderately toxic causing 21.25% mortality. Methomyl and endosulfan caused 

100% mortality to second instar C. carnea larvae followed by chlorpyriphos, 

thiodiacarb, indoxacarb and prophenophos with mortality of 98.75, 98.70, 92.94 and 

72.45%, respectively. Spinosad, abamectin and flufenoxuraon were safe insecticides 

with less than 5% larval mortality, while imidachloprid remained moderately toxic with 
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20.25% toxicity. Third instar C. carnea larvae were more tolerant than the first two 

instars.  

 

  C. carnea is one of the most common predators in agroecosystem with a 

wide range of prey including aphids, eggs and young lepidopterous larvae, whiteflies, 

mites and other soft bodied insects (New, 1975; Tauber et al., 2000; McEwen et al., 

2001). It is one of the promising candidates for integrated pest management programs. 

Due to its wide geographical distribution and use, C. carnea develops insecticide 

tolerant population in field. A phenomenon well documented in literature (Vinuela et 

al., 2001; Medina et al., 2003a), for example, Ishayya and Casida (1981) found a 

remarkable natural tolerance to pyrethroids in C. carnea larvae providing important 

selectivity in integrated control programs. This tolerance was attributable to 

detoxification by pyrethroid esterases. Medina et al., (2004) studied influence of 

botanical insecticide on C. carnea. Pree et al., (1989) collected C. carnea from apple 

orchards which were found to be resistant to a wide range of insecticides. Some of the 

resistance observed was of enhanced metabolism of pesticides in resistant strains. 

Metabolism was by oxidative and esteratic routes and the relative importance of the 

two systems depend upon the pesticide. Rumpf et al. (1997) assessed the head 

acetylcholinesterase (AChE) and whole body glutathione-S-transferase in of larvae      

C. carnea exposed to insecticides. Activity of AChE was less inhibited, which reflected 

its higher tolerance to organophates. No inhibition of AChE activity was observed 

following treatment with cypermethrin and insect growth regulators fenoxycarb, 

diflubenzuron and tebufenozide. Cisneros et al., (2002) reported 19% and 34% toxicity 

at 200 and 2000 ppm after 12 days exposure to granules containing spinosad. Fecundity 

did not vary significantly according to the concentration of spinosad to which insects 
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were exposed. Direct spray of spinosad to first instar caused significant reduction in 

rate of pupation and L1-adult survival, but did not affect the rate of adult emergence. 

Feeding on spinosad treated B. brassicae had no negative impact on fecundity and 

fertility (Mandour, 2009). 

 

  In present study, abamactin was a safe insecticide causing less than 5% 

mortality of C. carnea larvae. Abamectin had shown selectivity for C. carnea (Badawy 

and ElArnaouty, 1999; Nasreen et al., 2003, 2005). Giolo et al., 2009) tested 

abamectin, deltemethrin, methoxyfenozide, phosmet and trichlorfon and compared with 

dimethoate as an standard against predator C. carnea under laboratory. The cumulative 

mortality upto adult emergence was 31.4, 0.0, 2.9, 22.9, 11.4 and 94.3% for abamectin, 

deltmethrin, methoxyfenozide, phosmet, trichlorfon and dimethoate, respectively. 

There was no significant effect on fecundity and fertility of eggs of the predator for 

tested insecticides. When 3 day old adults were exposed for three days, the mortalities 

caused by insecticides were: 0.0, 3.1, 0.0, 91.4, 61.3 and 100.00 for abamectin, 

deltemethrin, methoxyfenozide, phosmet, trichlorfon and dimethoate, respectively. In a 

related species C. externa egg viability was not affected by abamectin. Neonate larvae 

from abamectin sprayed eggs as well as first, second and third instar larvae that were 

directly treated, developed normally and yielded normal adults. Lufenuron presented no 

adverse effects on egg survival. Lufenuron treated first and second instar larvae could 

not molt. In third instar, high pupal mortality occurred (Bueno and Freitas, 2004). Vogt 

(1994) found insect growth regulators moderately harmful to C. carnea larvae.   

 

   Imidachloprid was moderately toxic to C. carnea larvae. Rezaei et al. 

(2007) tested effects of imdacloprid on two day old larvae of C. carnea under 
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laboratory and found that it caused 36.83% larval mortality and no significant effect on 

fecundity. A significant adverse effect of imdiacloprid on the longevity of C. carnea 

larvae and adults had been reported by Kumar and Santharam (1999). Elbert et al., 

(1998) also reported 40% larval mortality of C. carnea under field conditions due to 

imidachloprid.  

 

  In present study, indoxacarb, profenofos and endosulfan were highly 

toxic to C. carnea larvae. Nasreen et al., (2003) tested several insecticides against first 

instar C. carnea larvae and found that indoxacarb and profenofos caused 100% 

mortality after 48 hrs of exposure. Singh and Verma (1986) tested relative toxicity of 

insecticides against neonate larvae of C. carnra under laboratory for 24 hrs at 

recommended dose level. Endosalfan, quinalphos, monocrotophos, phenthoate and 

fenitrothion caused 74-89% larval mortality over a 72-h period. Phosalone, carbaryl 

and cypermethrin were moderately toxic (34.1-38.1% mortality), while fenvalerate was 

the least toxic (19.2% mortality). Indoxacarb and imidachloprid had been found toxic 

to another predator Orius insidiosus (Studebaker and Kring, 2003). Indoxacarb had also 

been found toxic to Asian lady beetle, Hormonia axyridis (Galvan et al., 2006). 

Methomyl was significantly more toxic than indoxacarb against parasitoid, 

Eretmocerus mundus (Gonzalez-Zamora et al., 2004). 

  

  In present study, spinosad and abamectin were nontoxic against            

C. carnea adults, an insect growth regulator, flufenoxuran was slightly toxic, 

organophosphorus insecticides, chlorpyriphos and profenophos, carbamate insecticides 

thiodicarb and methomyl and organochlorine insecticide endosulfan were highly toxic 

against C. carnea adults. Toxicity of spinosad against C. carnea adults varied 
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considerably depending upon method of testing, topical application was less toxic than 

ingestion (Medina et al., 2003b). When three day old adults C. carnea were exposed 

for three days to field recommended concentrations of abamectin, deltamethrin, 

methoxyfenozide, phosmet, trichlorfon and dimethoate, these caused 0.0, 3.1, 0.0, 91.4, 

61.3 and 100% mortality, respectively (Giolo et al., 2009). It showed that abamectin 

was non-toxic to adults of C. carnea. Organophosphates were more toxic than 

pyrethroids against C. carnea adults (Baspinar and Uygun, 1992; Bozsik, 1995). 

 

  Results of the two year study (2005-2006) showed that releases of        

C. carnea in cotton field reduced the population of aphid, A. gossypii. The cumulative 

population reduction by the end of season was more than 99%, whereas, on an average 

the same was more than 75%. The results indicated that C. carnea was an effective 

biological control agent of A. gossypii in cotton. There are many studies reported in 

literature where C. carnea and other chrysopid species have successfully controlled 

aphid species in many crops, for example, Kabissa et al., (1995, 1996) and El-Dakroury 

et al., (1977 ) studied the occurrence of chrysopids on cotton in relation to H. armigera 

and A. gossypii. Chrysopid species Mallada desjardinsi and Chrysoperla sp., occurred 

on cotton when both H. armigera and A. gossypii were present.  

 

 Similarly, a related species Chrysoperla rufilabris in open field 

experiment significantly reduced the density of balsam twig aphid, Mindarus abietinus 

(Fondren et al., 2004). Kift et al., (2005) reported that C. carnea was equally effective 

against two clones of aphid, M. persicae that differed in their insecticide resistance. 

Compared with non-resistant clone, resistant clone had tendency to aggregate on 

growing points of pepper plant. Whereas, the parasitoid, Aphidius colemani was not so 
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effective on resistant clone of M. persicae due to their aggregating behaviour. 

Easterbrook et al., (2006) carried out open field experiments on strawberry plants 

against strawberry aphid, Chaetosiphon fragaefolii. Numbers of C. fragaefolii were 

significantly reduced at release rate of eight C. carnea larvae per plant. A positive 

correlation between C. carnea and M. persicae on sunflower was observed, while no 

such relationship was found with Amrasca biguttulla biguttula and A. gossypii on 

cotton (Mannan et al., 1995). Morphology of host plant play important role and 

affected the ability of C. carnea to reduce population of Diuraphis noxia on different 

grass species (Messina et al., 1995).    

 

  Compared to other sucking insect pests, the population of Amrasca 

devastans was less severe in cotton; it ranged between 0.01 and 4.22 insects per leaf. 

After release of C. carnea in cotton, predator was able to cause reduction in the 

population of A. devastans. The results of two year study indicated that C. carnea 

caused on an average 76.07 to 83.7% reduction in A. devastans population. Daane et 

al., (1996) examined the effectiveness of C. carnea against two vineyard leaf hopper 

species, Erythroneura variabilis and E. elegantula for three years. The average 

reduction of leaf hoppers in C. carnea released plots compared with no release were 

29.5% in cages, 15.5% in 3-vine plots and 9.6% in commercial vineyards. Greater 

reduction of leaf hopper was achieved when chrysopids were released as larvae 

compared with eggs. Shrewsbury and Smith-Fiola (2000) determined the efficacy of C. 

carnea against azala lace bug, Stephanitis pyrioides in nursery and found that 5 and 20 

larvae per plant resulted in an average mortality of 79 and 97%, respectively. Release 

of C. carnea 25000 larvae/ hectare controlled leaf hopper, Amrasca biguttula biguttula, 

B. tabaci, A. gossypii and fruit worms of okra (Praveen and Dhandapani, 2001). 
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  Thrips is an important insect pest of cotton in Pakistan causing 

economic damage to the crop. Its population in cotton remains above economic injury 

levels and needs intervention in the form of chemical pesticides or release of biological 

control agent to keep its population in check. In present study, release of C. carnea in 

cotton effectively reduced the population of pest compared with control. Compared to 

aphid and jassid population reduction, C. carnea was less effective in population 

reduction of T. tabacci. Dhandapani et al., (2003) found C. carnea 2 per onion plant 

effective against T. tabaci and other sucking pests. Hoddle and Robinson (2004) 

released C. carnea for the population management of avocado thrips, Scirtothrips 

perseae in orchards and carried out laboratory studies. Under field conditions,             

C. carnea failed to significantly reduce S. perseae populations in comparison to non-

treated control plots; which was attributed to life cycle of thripids (eggs are oviposited 

within plant tissue, there are only two exposed feeding larval instars, two pupal stages 

pupate within protective cracks on branches or in soil beneath the host plant and 

winged vagile adults) minimizes exposure to natural enemies. In laboratory study       

C. carnea larvae fed voraciously on immature S. perseae and did not show preferences 

for any particular instar. Hanumantharaya et al., (2008) released C. carnea for the 

population management of sucking insect pests of sunflower found that release of       

C. carnea reduced T. tabaci population significantly compared to control. Gurbanov 

(1984) made three releases of C. carnea eggs and larvae for the control of sucking pests 

and H. armigera at a predator: prey ratio of 1: 1. A week after first release, the 

abundance of A. gossypii, thrips, spider mites and eggs, and larvae of H. armigera had 

fallen by 98.5, 95, 100 and 50%, respectively. Release of 2 to 3 day old larvae of        

C. carnea in cotton consistently reduced bollworm and tobacco budworm populations 
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significantly. Reductions were obtained by releasing 247,000 C. carnea larvae per ha. 

(Ridgway et al., 1977).   

 

  Whitefly, Bemisia tabaci is very important insect pest of agroecosystem, 

attacking many economically important crops including cotton. In Pakistan, whitefly 

has been implicated as a vector of cotton curly leaf virus disease. After release of         

C. carnea in cotton crop, pest population was reduced, but the reduction was not as 

prominent as in case of A. gossypii or A. devastans, on an average C. carnea caused 

population reduction of 44.08 and 51.48% in two year studies. Gerling et al., (1997) 

recorded population fluctuation of C. carnea and B. tabaci for four years in cotton.      

C.  carnea occurred together with B. tabaci and their larvae fed on B. tabaci nymphs, it 

was not an efficient controlling agent. The presence of larvae of C. carnea on cotton 

leaves inhibited the visit and oviposition by B. tabaci adults. This effect persisted when 

the predator larvae had left the leaves (Butler and Henneberry, 1988). Zia et al., (2008) 

used C. carnea in sustainable biological control program of whitefly, B. tabaci 

population management in cotton. The effectiveness of C. carnea varied in different 

genotypes on various weeks of observations. C. carnea exhibited maximum reduction 

in whitefly population (57.35%) in 4th week of August in variety MNH 552. Syed et al. 

(2005) compared development of C. carnea on two hosts and observed that C. carnea 

preferred B. tabaci over A. devastans, since larvae developed more rapidly on             

B. tabaci. Rehman (2004) worked on the efficacy of C. carnea for the control of 

sucking insect pests of cotton, observed that the efficacy varied depending upon cotton 

genotype. On over-all basis C. carnea was less effective against thrips, compared with 

whitefly and jassids.      
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CHAPTER - VI 
 
 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
 
 
 

Summary 
 
 

 Present investigations were caried out to study the effect of host on 

biology of C. carnea and predatory potential of C. carnea on different prey under 

laboratory. Studies were also conducted to investigate the optimum temperature regime 

for mass production of C. carnea, effect of cold storage and radiation to enhance the 

shelf-life of C. carnea to be employed in biological control of insect pests.  

 

 The results showed that, Chrysoperla carnea is a polyphagous voracious 

predator, whose introduction might be required for supplementary control of particular 

pest.  The larvae preferred Sitotroga cerealella (Olivier) frozen eggs, followed by the 

nymphs and adults of aphids in laboratory conditions. For the development of 

economical artificial rearing system, an artificial larval diet showed successful results, 

which could be used as an alternate of natural diet for mass rearing. Brewer's yeast 

plays an important role to enhance the fecundity and fertility of the adults. For mass 

production in the cages, female preferred black color cover for egg laying. For storage 

of Chrysoperla carnea 7.5°C, 10°C and 12.5°C temperature showed better successful 

results. Significant effects were recorded on progeny production with higher fecundity 

and fertility from a sex ratio of 1:3 male female ratios, while in vice versa 2:1 ratio 

showed better result in laboratory conditions for mass rearing. 
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 Results showed that Nu lure was better among all the proteins tested, as 

adult food supplenment, which enhanced the fecundity and fertility of C. carnea adults 

and gave high rate of survival while single larvae in single tube gave 98% survival.  

The results showed that 26 ± 2°C was optimum temperature for mass rearing under the 

laboratory in our climatic conditions.  

 

 The mass rearing/culturing of larvae and adults of Chrysoperla carnea 

through different techniques that is, transparent plastic tubes, transparent Perspex 

sheets and transparent capsules indicated that the larval rearing in plastic transparent 

tubes produced maximum (97.25%) pupal recovery with shortest (8.87 days) larval 

period.  The glass cages proved better than other types of cages, requiring minimum 

time from the point of sanitation, food provision, egg harvesting and handling of 

adults, while for adult rearing, transparent Perspex cage, transparent glass cage and 

wooden cage were used.  Laboratory reared green lacewings performed better in all the 

biological parameters as compared with field collected insects. Seventy one and 93% 

emergence were recoded in field and laboratory reared pupae respectively. 

  

  Radiation of different larval instars with different doses extended larval 

period up to 10.75 days in 5 Gy and shortened pupal period to 5.00 days in 10 Gy, but 

higher doses adversely affected the normal emergence and all other biological 

parameters. 

 

 Toxicity of insecticides against eggs of C. carnea varied significantly. 

Spinosad was non-toxic causing no egg mortality, abamectin was slightly toxic causing 

2.5% mortality, while methomyl was most toxic insecticide causing 26.25% mortality 

at field application dose rate. When C. carnea larvae and adults were exposed to 
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insecticides, methomyl was found the most toxic and spinosad the least toxic 

insecticides. 

   

  Releases of C. carnea egg cards in cotton field were made for two years 

(2005-2006) for population management of sucking insect pest of cotton.  Releases 

were made at the rate of 40 cards per acre starting from the first week of June when 

crop was five weeks old and continued at fortnightly interval upto the end of 

September. On over-all basis C. carnea caused pest population reduction of more than 

40-75% of different insect pests.  In first year release, C. carnea reduced 76, 86, 39 and 

52% of aphid, jassid, thrips and whitefly population respectively.  While, results of the 

second year study showed that predator caused pest population reduction of 75, 80, 62 

and 45% of aphid, jassid, thrips and whitefly, respectively.  When C. carnea larvae 

were released in field cage cotton plants, the maximum (10.11%) pest population 

reduction was caused by 3rd instar C. carnea larvae followed by second instar.   

 
 
Conclusions and Recommendations 
 
 
  It is concluded that for mass production of C. carnea under laboratory 

conditions Sitotroga cerealella is one of the best ficticious hosts for larval rearing, 

because it is very laborious to maintain natural hosts under laboratory conditions for 

rearing C. carnea. Whereas, artificial diet is also very expensive. Protein hydrolysate is 

better for obtaining higher fecundity.  Lavae reared singly in plastic tubes gave 100% 

pupal recovery.  Adults reared in glass cages with black muslin cloth proved to be a 

better substrate for egg-laying. Cold storage of eggs, larvae and adults extended the 

shelf-life of C. carnea which could be exploited for population management of insects. 
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It was noted that some of the pesticides were better tolerated by C. carnea larvae and 

adults and there was a marginal positive effect of radiation on C. carnea at 5 and 10 Gy 

only.   

 

 Release of C. carnea cards in cotton crop caused population reduction of 

sucking insect pests.  Pest population reduction of different pests ranged between more 

than 40-75%. Release of C. carnea larvae gave better results than egg-cards, therefore 

for management of insect pests, release of second instar larvae is recommended.   

 

 Since bio-control is environmentally safe and effect method of pest 

contol.  Government should establish insect mass rearing laboratories in each district of 

all provinces and supply chain of natural enemies to farmers at subsidised rates for 

Integrated Management of insect pests of field crops, vegetables and fruit crops 

throughout country. 
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1. Introduction    
 
 
  Biological control is a basic component of Integrated Pest Management 

system and will continue in the foreseeable future. It is defined as the reduction of pest 

populations by natural enemies and typically involves an active human role. The 

continuous use of insecticides in Pakistan has created several problems. The most 

important of these are the evolution of insect resistance to insecticides and disturbance 

of biological equilibrium in an agro-ecosystem. It is, therefore, necessary to minimize 

the use of toxic chemicals by adopting biological control methods to the fullest extent 

(Ashraf et al., 1996, 1999). The application of insecticides for the management of 

sucking insect pests is still needed in cotton because of unavailability of effective bio-

control agents. The value of predators in augmentative biological control is well 

documented. However, use of predators is restricted due to produce sufficient numbers 

at low cost in many countries. They consume several-to-many prey. They are free 

living, and are usually bigger than their prey, which are smaller in size. Common 

predators include ladybird beetles, many ground beetles, lacewings, true bugs such as 

Podisus and Orius, syrphid fly larvae, mantids, spiders and mites such as Phytoseiulus 
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and Amblyseius. Parasitoids develop on or within a single host. They are often 

described in terms of the host stage within which they develop. For example, there are 

egg-larval, larval-pupal, pupal-parasitoids and a few species that parasitize adult 

insects. The vast majority of parasitoids are small-to-minute wasps that do not sting. 

Certain species of flies and beetles also are parasitoids. Trichogramma, Encarsia, 

Muscidifurax, Spalangia and Bracon are some of the important parasitoids studied or 

used in agriculture systems.  

 

  Release of green lacewings, Chrysoperla carnea, an important predator 

of jassids, thrips, whiteflies and the tiny larvae of lepidopterous pests, will play an 

important role for the management of these insect pests. The adult lacewings are pale 

green, with long antennae and bright golden or copper-coloured eyes. They feed only 

on nectar, pollen and aphid honeydew, but their larvae are active predators. They have 

large transparent pale green shiny wings and a delicate body. Oval shaped eggs are laid 

singly at the end of long silken stalks and are pale green, turning gray in several days. 

The larvae are very active, small grayish brown and alligator-like with well-developed 

legs and modified like mandibles, with which they suck body fluids of prey. 

 

1.1 Biology of C. carnea 

 

  Mannan et al., (1997) reported that the pre-oviposition, oviposition and 

post-oviposition period of Chrysoperla carnea (Stephens) was 6.55, 21.10 and 7.95 

days, respectively when its larvae were reared on Aphis gossypii (Glover) and 9.25, 

21.85 and 11.20 days respectively when reared on Myzus persicae (Sulzer). The 

fecundity was 84.70 and 103 on A. gossypii and M. persicae respectively. The duration 

of development of first, second and third instar larvae were 2.60, 2.25 and 2.38 and 
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3.75, 2.78 and 3.35 days when reared on A. gossypii and M. persicae, respectively. The 

pupal period was 9.43 and 11.40 days on A. gossypii and M. persicae respectively. The 

females lived longer than males. Linn et al., (2000) showed that, foods of chrysopid 

larvae had significant effects on larval and pupal durations under single-rearing 

condition. Although larval and pupal duration of C. sinica reared on Trichogramma 

pupae were 0.4 d each longer than those reared on turnip aphid, no marked difference 

in fecundity was found between adults reared on different foods during their larval 

stage. Efficacy of group rearing chrysopid larvae using Trichogramma pupae was 

similar to that of using rice moth eggs. Fu et al., (2000) studied the inter population 

variation to determine whether diverse populations and biotypes of Chrysoperla carnea 

could be mass-produced and stored under uniform conditions. Figueira et al., (2000) 

reported the biological aspects and thermal requirements of immature stages of C. 

externa reared on A. argillacea eggs, using different temperature treatments (15, 18, 21, 

24, 27 and 30±1°C), an RH of 70±10% and a 12-h photo phase. Growth rate increased 

with increasing temperature. The temperature most suitable for the development of the 

green lacewings was 24°C. The range of the low temperature threshold was from 9.5 to 

11.5°C. While, Hegde et al., (2000) conducted experiment to find a suitable filler 

material for mass rearing of C. carnea larvae. Chrysoperla carnea larvae (2 d. old) 

were placed in plastic containers filled with 25, 50, 75 or 100 % saw dust, wood 

shavings, dried plant leaves or thermopol plastic or paper pieces. The percent pupation 

was significantly higher in most of the filler material when used at 75% of the 

containers capacity. Maximum pupation (88%) was recorded from larvae reared in 

wood shavings and was at par with those reared in injection vials (93%) and plastic 

louvers (91%), while the lowest was from larvae reared in 100% sawdust (25.67%). 

Venkatesan et al., (2000) reared Chrysoperla carnea (Stephens) for 10 successive 
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generations on a larval semi-synthetic diet containing soybean hydrolysed powder 

(1.3%), egg-yolk (32.3%),"honey (16.1%), yeast extract (1.3%), water (38.7%), 

petroleum jelly (0.7%) and paraffin wax (9.6%). Biological parameters and predatory 

efficiency of C. carnea on Helicoverpa armigera (Hubner) eggs and Aphis gossypii 

(Glover) were assessed in the laboratory. The development time was longer for semi-

synthetic diet-reared C. carnea. Mean adult emergence of C. carnea reared on semi-

synthetic diet and reared on C. cephalonica eggs was 56.7 and 82.5%, respectively. 

Semi-synthetic diet-reared larvae readily attacked and consumed cotton aphids, A. 

gossypii, and eggs of H. armigera. Release of C. carnea at 1:50 (predator-prey ratio) 

was found to be more effective in suppressing the aphid population than at 1:100. Zibai 

and Hatami (2001) studied the efficiency of third instar larvae as biological control 

agents of the cotton aphid on cucumber plants and observed that predator prey ratios of 

1:30 and 1:90 significantly reduced the population of aphids in the crop. Zaki and 

Gesraha (2001) reared larvae of aphid lion, Chrysoperla carnea on a semi-artificial diet 

in laboratory. Algae Chlorella vulgaris was used as a source of protein for the nutrition 

of the predator. Feeding the newly hatched larvae of the predator on water extract of the 

algae by using a small piece of sponge, extended the larval duration up to 30 days, and 

the larvae failed to pupate. The addition of carbohydrates, salts and vitamins was 

necessary to the larvae to complete their development lo reach the pupal and adult 

stages. Normal adult longevity and egg deposition were obtained after the- addition of 

the carbohydrates, salts and vitamins. 

 
1.2       Feeding potential of C. carnea. 
 
 

  Thite and Shirpuje (1999) studied the feeding potential and development 

of Chrysoperla carnea (Stephens) on Aphis gossypii (Glover), and found that first, 
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second and third-instar larvae consumed 32.40, 32.47 and 47.20 aphids/day 

respectively. Geethalakshmi et al., (2000), studied the chrysopids biology on Corcyra 

cephalonica and feeding potential on different host insects, under laboratory 

conditions. A single larva fed upon an average of 30.3 eggs of Corcyra cepha/onica, 

33.4 eggs of Helicoverpa armigera, 0.54 egg masses of Spodoptera litura, 5.9 and 7.9 

first to second instar larvae of, H. armigera and S. litura and 3 3.3 and 24.6 Aphis 

gossypii and Planococcus citri, respectively, in a single day. While, Malleshaiah et al., 

(2000) studied feeding potential of Chrysoperla carnea on different stages of citrus 

mealy bug, Planococcus citri (Hemiptera: Psendococcidae) under laboratory 

conditions. The grubs were found active predators on mealy bugs, and the predatory 

grub preyed on all the stages of the mealy bug. The chrysopid grub consumed a total of 

3783.73 eggs or 728.52 nymphs, or 96.39 adult females of P. citri 

 

  At present there is no economically effective method of mass rearing of 

C. carnea available in Pakistan. Therefore, it is planned lo establish on economical and 

artificial rearing system for the production of good quality Chrysoperla carnea, to fulfil 

the requirements for release in the field.  

 
2. Objectives 
 
1. To establish mass rearing, of Chrysoperla carnea on natural diet.   

2. To establish mass rearing, of Chrysoperla carnea on artificial diet.   

3. To study the effect of sex ratio for mass rearing. 

4. To study the effect of storage, on Chrysoperla carnea. 

5. To study the colour preference of Chrysoperla carnea on orientation and egg 
laying behaviour. 

6. To study the effect of environmental factors on establishment of Chrysoperla 
carnea. 
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7. To study the efficacy of storage suitability in conjunction with radiation on the 
quality the predator for economical production of Chrysoperla carnea.  

8. Field releases and efficacy of Chrysoperla carnea as biological control agent 
against cotton pests. 

 
 
3. Methodology 
 
  Experiments will be conducted under laboratory and field conditions. 
 
 
3.1 To establish mass rearing of C. carnea on artificial diet 
 
 
  Experiments will be conducted on different artificial diets for mass 

rearing of C. carnea to establish economical and most efficient diet for mass rearing in 

our environmental conditions. 

 
 
3.2 To study   colour preference of C. carnea   on   orientation   and   egg-laying 

behaviour 
 
  Colour of egg-laying medium plays important role in orientation of C. 

carnea females for egg-laying. Egg-laying cards of different colours will be kept 

inside the egg-laying chamber for orientation of females for egg-laying. The number 

of eggs laid on different colour cards will be counted to determine the colour 

preference of females for mass production of eggs. 

 
 
3.3 To study the effect of environmental factors on establishment of C. carnea 
 
  C. carnea will be reared under different sets of temperature and relative 

humidity to determine the optimal environmental conditions for economical rearing. 

Studies will also be conducted to determine the most suitable temperature for safe 

storage of C. carnea eggs and pupae under laboratory conditions. 
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3.4 To study the feeding potential of C. carnea 
 
 
  C. carnea will be reared on different host species such as aphid, whitefly 

and jassids to establish its feeding potential. Studies will also conduct to evaluate the 

effect of host species on biology, percent survival, fecundity and fertility and rate of 

feeding of different species of prey. 

 
 
3.5 Effect of radiation to economize mass rearing 
 

  Different doses of radiation will be applied on pupae of C. carnea to 

improve the efficacy of store suitability of mass reared C. carnea for mass production. 

The results of this experiment will be compared with conventionally mass produced C. 

carnea individuals, if radiated individuals arc found superior in their performance, then 

radiation will be applied to mass produce C. carnea for field application. 

 
 
3.6 Evaluation of C. carnea for distribution and searching ability under field 

conditions. 
 
 
  Laboratory produced C. carnea will be released in cotton field and their 

movement in the agro ecosystem will be monitored. Periodically to evaluate their 

sustainability under field conditions. This study also includes the abil i ty of predator 

to search its prey under field conditions. 

 
3.7      Field release and efficacy of C. carnea as biological control agent against 

cotton pests. 
 
 
  Predator-prey response studies will be made in cotton Held to study the 

effect of release of C. carnea on insect pests of cotton. The numerical response will be 
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studied season long and its economic feasibility will also calculate and 

recommendations will be made for the benefit of farming community. 

  
4. Year-Wise Plan Of Work  
 
 
4.1 Year-Wise Plan Of Study 
 

 Activity 1st Year 2nd Year 3rd Year 

4.1 Development of culture of C. 
carnea on natural diet of S. 
cerealella eggs.  

   

4.2 Development of artificial diet for 
larvae of C. carnea.  

   

4.3 Effect of substrate colour on 
orientation and egg laying of C. 
carnea.  

   

4.4 Mass rearing of C. carnea on 
artificial diet.  

   

4.5 Effect of radiation to economize 
mass rearing. 

   

4.6 Quality control of laboratory 
reared C. carnea.  

   

4.7 Evaluation of C. carnea for its 
distribution and searching ability 
under field conditions.  

   

4.8 Evaluation of C. carnea as 
biological control agent in field 
conditions.  
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