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ABSTRACT

The application of C. carnea has accounted for one third of all successful biocontrol programs
worldwide. For the successful application of pest control programs that use C. carnea as a biocontrol agent, it
is necessary to recognize high quality food/prey. Larvae of C. carnea were provided with either eggs of one of
Planococcus citri, Icerya aegyptiaca, I. seychellarum and their mixing or second-instars of one of those
mealybug species and one more species, Planococcus solenopsis. These feeding trials were conducted at
25.0+1.0 °C and 65+5% R.H. Eggs of |. aegyptiaca accelerated development of C. carnea. Eggs of mealybug
species significantly affected oviposition period, female and male longevities, and fecundity. The longest female
and male longevities were obtained when predator's larvae fed on mixing mealybug eggs. The highest female
fecundity was when predator's larvae fed with P. citri eggs. Female fertility ranged between 98 and 99% in
relation to mealybug eggs consumed. In case of using second-instar mealybugs as a food, the shortest
developmental time and longest female longevity was when predator's larvae fed on second-instars of P. citri.
second-instar mealybugs significantly affected female fecundity with the highest fecundity was for those their
larvae fed on second-instars P. citri and P. solenopsis. Female fertility ranged between 97 and 98% in relation
to type of second-instar mealybugs that provided for predator's larvae. The success of any predator majorly
depends on the nutritional quality of its prey. These information will be useful for the formulation of Integrated
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Pest Management (IPM) programs.
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INTRODUCTION

Mealybugs (Hemiptera: Pseudococcidae:
Monophlebidae) are small sized, soft-bodied, sap-sucking
insects that cause serious damage to different field crops,
vegetables and fruits (Arif et al., 2009; Nagrare et al., 2009).
The cotton mealybug, Phenacoccus solenopsis Tinsley
(Pseudococcidae), the Egyptian mealybug, Icerya
aegyptiaca Douglas (Monophlebidae), and the citrus
mealybug, Planococcus citri (Risso) (Pseudococcidae) are
highly polyphagous pests of 154, 123, 65 plant species that
belonging to more than 52, 49, and 36 plant families,
respectively (Arif et al., 2009; Abbas et al., 2010). The
Seychelles scale, Icerya seychellarum (Westwood)
(Monophlebidae) is another polyphagous species, with
ScaleNet listing 126 genera from 57 families (Garcia
Morales et al., 2016). Generally, mealybugs are considered
as a most desired topic for researchers because of their large
populations and high stability over time. High reproductive
ability of mealybugs results in occurrence of eggs and
nymphs at any time of the year (Oliveira et al., 2014).

Lacewings (Neuroptera: Chrysopidae) are widely
identified as main predators of soft-bodied insects, such as
mealybugs, aphids, and psyllids (Tauber et al., 2000; Senior
and McEwen, 2001). Among predatory species that used in
biocontrol programs, lacewings gave excellent example of
successful mass reared insects as a way for further inundative
releases against pest species in open and closed (e.g.
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greenhouses) planting systems (Principi and Canard, 1984;
Tauber et al., 2000; Senior and McEwen, 2001) systems. The
green lacewing, Chrysoperla carnea (Stephens) is one of the
most chrysopid species that highly studied because of its wide
habitats, high geographical distribution, high relative
occurrence frequency, high searching efficiency and easy
handle for its production under controlled conditions (Tauber
etal., 2000; Liu and Chen, 2001).

The generalist predator, C. carnea, has been widely
used and recognized as a potential predator against several
serious pests including mealybugs in many agricultural
systems and can easily be commercially reared to be apply
against several insect pests in the field (Venkatesan et al.,
2000; Messelink et al., 2012). This was because its high
searching behavior, polyphagous habits, ubiquitous nature,
adaptability in the field, integration with microbial agents
and selected pesticides, and usability to mass production
(Sengonca et al., 1995; Daaneet al., 1996; Singh and
Manoj, 2000; Venkatesan et al., 2000; Zaki and Gesraha,
2001; Duelli, 2001). The larvae of C. carnea are efficient
stage of the predator with high voraciousness and high
searching ability (Bond, 1980; Ballal et al., 1999). In
contrast to the larval stage, the adults are free living and they
only feed honey, pollen and water (Principi and Canard
1984; Ulhag et al., 2006; Sarwar and Salman, 2016). The
application of C. carnea has represented 33% of all
successful biocontrol programs worldwide (Williamson and
Smith, 1994; O’Neil et al., 1998). In Pakistan, C. carnea has
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been released against the cotton mealybug and achieved
high efficiency against this pest (Sattar et al., 2007). Thus,
among the effective biocontrol agents, C. carnea is
receiving a more attention than any other biocontrol agent
because of its voraciousness (Sattar et al., 2011).

Research on biology of natural enemies is a
fundamental request for the success of an augmentative
biocontrol program (Parra et al., 2015). There is a report on
the use of Chrysoperla externa (Hagen) for controlling P.
citri on roses (see Carvalho et al., 2023), which shows that
both prey types may influence growth and reproduction of
predators (Principi and Canard, 1984; Dhandapani et al.,
2016) and/or that the host plant can play a significant role in
this tritrophic interaction (Price et al., 1980; Adriano et al.,
2010). Indeed, several studies have demonstrated that in the
availability of alternative food, a decline in rates of predation
on the target pest has reported (Eubanks and Denno, 2000;
Koss and Snyder, 2005; Symondson et al., 2006).
Accordingly, both the nutritional quality and the abundance
of the alternative food will affect the magnitude of control
of the target pest (Eubanks and Denno, 2000; Venzon et al.,
2002). However, biological control of pests with the
generalist predators may adversely affect by the existence of
multiple prey. Predators may move to more preferred
alternative prey or to more abundant prey rather than feeding
on the target prey (Murdoch, 1969), and availability of other
food items may lead to predator satiation (Abrams and
Matsuda, 1996), which may result in keep pests far from
attack. In addition, predators may show lower performance
on single-resource diet than on mixed diets (Evans et al.,
1999; Oelbermann and Scheu, 2002; Toft, 2005; Marques et
al., 2015). Thus, mixed diets may multiply populations of
the predator and eventually led to effective pest control
(Messelink et al., 2008), as well as may prolong the
residence time of predators in prey colonies even if prey
with suboptimal nutritional quality (Jensen et al., 2012;
Mayntz et al., 2005).

Thus, for the sustainable development of biocontrol
programs that use C. carnea, it is necessary to recognize the
high quality food/prey. The first report shows the influence
of eggs of the natural (P. citri) and alternative (Ephestia
kuehniella) prey on different larval instars of C. externa has
been announced by Carvalho et al. (2023), however few
studies have been examined the effect of various prey
species on growth, reproduction, and longevity of C. carnea,
despite its importance as an efficient biocontrol agent. In
addition, the nutritional value of prey for this predator is also
not covered enough. Further, the relation between adult diet
and egg production in C. carnea has been examined
intensively (Hagen et al., 1970; Adane and Gautam, 2002).
However, less is known about the relationship between
larval diet and adult's reproduction.

Larvae of some chrysopid species were observed to
eat all developmental stages of P. citri (Bezerra et al., 2006).
Although, the earlier reports demonstrated -effective
management of mealybugs with chrysopid larvae (Doutt
and Hagen, 1949; Goolsby et al., 2000), these mealybugs
may not be the most preferred and suitable prey for
chrysopid larvae. Therefore, this work designed to examine
the suitability of different prey stages in stages of eggs or
nymphs, as a food, for accelerating development,
maximizing reproduction, and prolonging longevity of C.

carnea under controlled conditions. Such information
would be useful for maximizing the mass production of the
predator. The findings may also useful in determining the
suitable time for releasing the predator when the prey in
sufficient density and in the desired stage.

MATERIALS AND METHODS

Insect colony

The culture of C. carnea started by larvae, pupae,
and adults that were collected from various host plants
located inside and outside the campus (ficus, guava, and
vegetable plants). These host plants were mainly infested
with mealybugs. Leaves of these plants which infested with
these insect species were transferred to laboratory for
investigation. Adults were aspirated in early morning (7
Am) from those plants. Larvae and pupae were isolated in
5.5 cm Petri dishes. A filter paper was placed in the bottom
of each dish to provide the walking surface for each larva.
The predator's larvae were provided daily with sufficient
numbers of frozen moth eggs of Sitotroga cerealella until
pupation. The emerged adults were maintained in plastic
jars (28 x 28 x 15 cm). The neck of each jar was closed with
black muslin cloths using a rubber band. Adults in the jars
were provided with an artificial diet composited of 1:1:1 of
honey, yeast and water that was offered twice a day in form
of droplets on weighted paper pieces. Adults collected from
the field were added to the culture to have genetic diversity.
Eggs laid on the black mesh cloths were harvested daily, by
cutting their holders with scissors, collected in Petri-dishes
and kept in incubator as described. Following hatching, the
neonates were isolated in Petri-dishes and supplied with
Sitotroga eggs that offered ad libitum, to prevent
cannibalism, and water provided on a small sponge, both
changed every two days, until pupation. At time of
emergence, adults were introduced in the same sized jars
and processed as described above. Larvae used in the trials
were produced using the previous described method and
were two generations old since they collected from the field.
Effect of prey stages of various mealybug species on
development and reproduction of the green lacewing,
Chrysoperla carnea
Eqgg stage

Following the previous technique, the C. carnea
larvae were fed with one of three mealybug preys,
Planococcus citri, Icerya aegyptiaca, and Icyrya
seychellarum. The neonate larvae of C. carnea were
supplied with eggs of each mealybug species. Every larva
was fed daily with mealybug eggs in 5.5 cm Petri-dish.
Thirty larvae were used for each type of eggs. Dishes were
keptin an incubator set to 25.0+1.0 °C and 65+5% R.H until
development completed. The larval and pupal periods,
preoviposition, oviposition, postoviposition, male and
female longevities, total female fecundity and fertility were
estimated for each larval individual in each feeding group.
Nymphal stage

Following the previous technique, the larvae of C.
carnea were fed with one of four mealybug preys,
Planococcus citri, Icerya aegyptiaca, Icyrya seychellarum
and Phenococcus solenopsis. The neonates of C. carnea
were supplied with the second-instars of each mealybug
species. Every larva was provided daily with 20 fresh
nymphs in 5.5 cm Petri-dish. Thirty larvae were used in each
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group of feeding. Dishes were kept in incubator set to
25.0£1.0 °C and 65#5% R.H until complete its
development. The larval and pupal periods, preoviposition,
oviposition, postoviposition, male and female longevities,
total female fecundity and fertility were estimated for each
larval individual in each feeding group.
Statistical approach

Data of development, longevity, and fecundity were
tested using one-way ANOVA. In case of significant, means
were isolated using Fisher LSD test (.= 0.05).

RESULTS AND DISCUSSION

Results
Effect of various mealybug eggs on development and
reproduction of the green lacewing C. carnea
Development

The data presented in Table (1) show the
developmental periods of C. carnea stages when fed on eggs
of different mealybug species (I. aegyptiaca, |I.
seychellarum, P. citri and mixed mealybug eggs). No
significant effect of egg type of mealybug species on the
incubation and larval periods of C. carnea. In contrast, it had
significant effect on the pupal stage and total life cycle. Eggs
of I. aegyptiaca accelerated pupation of C. carnea and gave
the fastest development of the predator (Table 1).
Reproduction

Eggs of different mealybug species significantly
affected certain reproductive outputs. No significant effect
of mealybug eggs, used as a food during the larval stage,
was reported on preoviposition and postoviposition periods,
but there were significant effects on oviposition period,
adult longevities, and fecundity. The longest female and
male longevities were obtained when predator's larvae

provided with mixture of mealybug eggs. Whereas the
highest female fecundity was obtained for females that their
larvae fed eggs of P. citri. Fertility percentages ranged
between 98 and 99% in relation to mealybug eggs (Table 2).

Data obtained are difficult to explain in the light of
the available research that dealt with effect of mealybug egg
types on developmental and reproductive performances.
Further, the data obtained in this study did not provide
sufficient information to determine if C. carnea larvae
prefer a mixed prey items over a single-resource diets, or
vice versa. Eggs of |. aegyptiaca yielded the fastest
development and eggs of P. citri maximized the
reproductive outputs of female predator. Mixing mealybug
eggs was not suitable for accelerating development, but
prolonged adult longevity of the predator. Therefore, it is
generally clear that most of mealybug prey are not suitable
food for lacewings, at least when larvae of C. carnea are
subjected to a diet encompassing this prey. Messelink et al.
(2016) found that mixing mealybugs with supplemental
food led to increase survival and developmental rate of
larvae. This results are inconsistent with the current study.
Adding eggs of high quality prey, E. kuehniella to mealybug
diet of lacewing may be the reason for such difference
between this study and ours. Several predators exhibited
higher development, survival, or egg production rates on
mixed diets than on single-resource item (Evans et al., 1999;
Oelbermann and Scheu, 2002; Toft, 2005; Marques et al.,
2015). In contrast, the development of C. carnea larvae on
a diet of mixed mealybug eggs was longer than on a single-
mealybug eggs. This is more likely because the predator is
truly generalist predator and switch between various prey to
gain a single advantage from each prey species.

Table 1. Influence of various mealybug eggs and their mixing eggs on development of the green lacewing Chrysoperla

carnea
Stage (days) Icerya aegyptiaca Icerya Seychellarum Planococcus citri Mixed eggs
Egg 3.1+0.06a 3.1+0.06a 3.1+.09a 3.2+0.10a
First 32+0.10a 31+0.09a 31+0.06a 31+0.09a
Larvl Second 33+01la 32+010a 32+017a 33+01la
Third 34+0.13a 35+0.13a 3.1+0.09a 3.3+0.16a
Larval 9.7+0.19a 9.8+022a 94+023a 9.5+0.24a
Pupal 9.510.29b 10.7+0.30a 95+0.32b 115+0.33a
Total development (egg-adult) 225+0.38 bc 235+0.43ab 22+037¢c 245+0.35a

Means bearing by the same letters in a row are not significantly different at 0.05 probability level.

Table 2. Influence of various mealybug eggs and their mixing eggs on adult longevity and female reproduction of the

green lacewing Chrysoperla carnea.

Reproduction Icerya aegyptiaca  Icerya Seychellarum Planococcus citri Mixed eggs
Pre-oviposition period 34+015a 35+015a 34+015a 35+015a
Adult  Female Oviposition period 31.0+0.76 ab 294+09b 30.6+£0.60b 33.6+0.60a
longevity Longevity Post-oviposition period 56+041a 53+041la 6.9+0.73a 56+041la
(days) Total 40.0+0.84 ab 38.2+1.22b 40.9+1.05ab 427+090a
Male longevity 30.1+0.75a 21+1.15hb 31.3+0.25a 320+1.7a
Fecundity 2436+7.98b 199.3+8.57¢ 300.7+8.29a 265.0+11.16b
Fertility (%) 98 98 99 98

Values bearing by the same letters in a row are not significantly different at 0.05 probability level

Effect of second-instar mealybug species on development
and reproduction of the green lacewing C. carnea.
Development

The results presented in Table (3) show the
developmental time of C. carnea when fed with the second-
instars of different mealybug species (P. citri, P. solnpsis, I.

aegyptiaca, and 1. seychellarum). Mealybug species had no
significant effect on the incubation period of eggs. Whereas,
it had significant effects on periods of the larval and pupal
stages and total life cycle (egg-adult). The shortest
development of larval stage, pupal stage, and total life cycle
were when predator's larvae fed on second-instar P. citri.
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Table 3. Effect of second-instar mealybug species on development of the green lacewing Chrysoperla carnea

Mealybug species / Stage (days) Planococcus citri

Icerya aegyptiaca Icerya Seychellarum Planococcus solnpsis

Egg 31+006a 31+0.06a 31+005a 31+0.04a
Larval First 33+012c 46+012a 46+0.16a 3.6+0.08b
instars Second 38+0.14b 3.6+0.13b 504+0.15a 3.8+0.10b

Third 48+0.29b 8.7+0.28a 78+0.26a 57+022b
Larval 119+0.25¢ 169+0.26a 174+0.25a 132+0.25b
Pupal 94+033¢c 147+041a 128+047b 106+0.36 ¢
Total development (Eggs-Adult) 244+045¢ 347+046a 33.4+0.36a 26.9+044b

Means bearing by the same letters in a row are not significantly different at 0.05 probability level.

Reproduction

second-instars of different mealybug species
significantly affected different reproductive outputs. The
shortest preoviposition, oviposition, and postoviposition
periods were when larvae of the predator fed with second-
instars of P. solnpsis, I. seychellarum, and P. citri nymphs,
respectively. The shortest female longevity was for females
reared during their larval stage on 1. seychellarum nymphs.
As well, mealybug species had significant effect on male

longevity with the shortest longevity was for males fed
during their larval stage on 1. seychellarum nymphs. Also,
female fecundity significantly affected by type of mealybug.
The highest female fecundity was obtained for females that
their larvae fed with second instars of P. citri and P. solnpsis
without significant differences between both mealybug
species. Fertility percentages ranged between 97 and 98% in
relation to type of mealybug (Table 4).

Table 4. Effect of second-instar mealybug species on adult longevity, and female reproduction of the green lacewing

Chrysoperla carnea

Reproduction

Planococcus citri

Icerya aegyptiaca  Icyrya Seychellarum planococcus solnpsis

Pre-oviposition period 35+0.22 bc 42+024b 54+03la 33+0.12¢c
Adult Female Oviposition period 289+099a 244+0.75b 22.3+0.58b 27.9+050a
longevity longevity Post-oviposition period 6.6+0.60a 7+0.60a 72+049a 7.6+0444a
(days) Total 39.0+101a 35.6+0.63b 349+0.75b 386+0.65a

Male longevity 235+1.13b 23.7+0.80 ab 19.2+1.53¢ 273+0.71a
Fecundity (no. of eggs/ female) 316.3+747a 164.4+4.82b 168.94+9.79 b 302.7410.77 a
Fertility (%) 98 98 97 98

Means bearing by the same letters in a row are not significantly different at 0.05 probability level.

The obtained results for using second-instar nymphs
of different mealybug species in feeding trials of C. carnea
larvae are more clear than using eggs of mealybug species for
explanation. second-instars of P. citri yielded the fastest
development, the highest female fecundity, and the longest
female longevity. This means that second-instars of P. citri
seems to be more suitable prey for development and
reproduction of C. carnea. The growth rates of the predator
stages may be increased by feeding on high quality prey
(Torres etal., 2004, Barbosa et al., 2014). This finding agrees
with our results for C. carnea fed second-instar P. citri.

REFERENCES

Abbas, G., Arif, M.J., Muhammad, A., Muhammad, A,
Shafgat, S. (2010). Host plants distribution and
overwintering of cotton mealybug (Phenacoccus
solenopsis; Hemiptera: Pseudococcidae). International
J. Agric. Biol. 12(3): 421-425.

Abrams, P.A., Matsuda, H. (1996). Positive indirect effects
between prey species that share predators. Ecology 77,
610-616.

Adane, T. Gautam, R.D. (2002). Biology and feeding
potential of green lacewing, Chrysoperla carnea on
rice moth. Indian J. Entomol. 64(4): 457-464.

Adriano, E., Toscano, L.C., Schlick, E.C., Maruyama, W.L.,
Santos, F.L. (2010). Desenvolvimento e capacidade de
consumo de Chrysoperla externa (Hagen, 1861)
alimentada com ninfas de mosca-branca criadas em
hortalicas. Rev. Caatinga 23 (3): 1-6.

Arif, M.1., Muhammad, R., Abdul, G. (2009). Host plants of
cotton mealybug (Phenacoccus solenopsis): a new
menace to cotton agroecosystem of Punjab,
Pakistan. International J. Agric. Biol. 11(2): 163-167.

Ashfag, M., Nasreen, A., Cheema, G. M. (2002). A new
technique for mass rearing of green lacewing on
commercial scale. J. Appl. Sci. 2(9): 925-926.

Ballal, C.R., Singh, S., Singh, P. (1999). Host plant mediated
orientational and ovipositional behavior of three
species of chrysopids (Neuroptera: Chrysopidae).
Biocontrol 16, 47-53.

Barbosa, P.R.R., Oliveira, M.D., Giorgi, J.A., Oliveira, J.E.,
Torres, J.B. (2014). Suitability of two prey species for
development, reproduction, and survival of
Tenuisvalvae notata (Coleoptera: Coccinellidae). Ann.
Entomol. Soc. Am. 107, 1102-1109.

Bezerra, G.C.D., Santa-Cecilia, 1.V.C., Carvalho, C.F., Souza, B.
(2006). Aspectos bioldgicos da fase adulta de Chrysoperla
externa (Hagen, 1861) (Neuroptera: Chrysopidae) oriunda
de larvas alimentadas com Planococcus citri (Risso, 1813)
(Hemiptera: Pseudococcidae). Ciéncia e Agrotecnologia
30 (4): 603-610.

Bond, A.B. (1980). Optimal foraging in a uniform habitat: the
search mechanism of the green lacewing. Anim.
Behav. 28, 10-19.

Carvalho, M.M.P., Reis, L.A.C., Pinheiro, M.L.C., Moreira,
M.M., Vieira, D.A., Souza, B. (2023). Is a diet of
Planococcus citri nymphs and adults suitable for
Chrysoperla externa for use in biological control?
Revista Brasileira de Entomologia 67(1): €20220010.

300


https://www.sciencedirect.com/science/article/pii/S1049964416300172?casa_token=j0mcmdWle4QAAAAA:1HNZTl6kd6sCYBBXsVzXvgqD2pdww8Li_gCcBn3OvgW2r7vHmyxIsHbrN7oKbvHZAb93AGxRjIgA#b0310
https://www.sciencedirect.com/science/article/pii/S1049964416300172?casa_token=j0mcmdWle4QAAAAA:1HNZTl6kd6sCYBBXsVzXvgqD2pdww8Li_gCcBn3OvgW2r7vHmyxIsHbrN7oKbvHZAb93AGxRjIgA#b0035

J. of Plant Prot. and Path., Mansoura Univ., VVol.14 (10), October, 2023

Daane, K.M., Yokota, G.Y., Zheng, Y., Hagen, K.S. (1996).
Inundative release of common green lacewings
(Neuroptera: Chrysopidae) to suppress Erythroneura
variabilis and E. elegantula (Homoptera:
Cicadellidae) in vineyards. Environmental
Entomology 25(5): 1224-1234.

Dhandapani, N., Sarkar, P., Mishra, G. (2016). Chrysopids. In:
Omkar, K.K. (Ed.), Ecofriendly Pest Management for
Food Security, Academic Press, London, pp. 311-327.

Doutt, R.L., Hagen, K.S. (1949). Periodic colonization of
Chrysopa californica as a possible control of
mealybugs. J. Econ. Entomol. 42, 560-561.

Duelli, P. (2001). Lacewings in Field Crops. In; Lacewings in
the Crop Environment (McEwen, P.K.,, New, T.R.,
Whittington, A.E., Eds.). Cambridge University Press,
Cambridge, pp: 158-171.

Eubanks, M.D., Denno, R.F. (2000). Health food versus fast food:
the effects of prey quality and mobility on prey selection
by a generalist predator and indirect interactions among
prey species. Ecol. Entomol. 25, 140-146.

Evans, EW., Stevenson, A.T. Richards, D.R. (1999).
Essential versus alternative foods of insect predators:
benefits of a mixed diet. Oecologia 121, 107-112.

Garcia Morales, M., Denno, B.D., Miller, D.R., Miller, G.L.,
Ben-Dov, Y., Hardy, N.B. (2016). ScaleNet: a
literature-based model of scale insect biology and
systematics. Database, 2016, bav118.

Goolsby, J.A., Rose, M., Morrison, R.K., Woolley, J.B.

(2000). Augmentative biological control of longtailed

mealybug by Chrysoperla rufilabris (Burmeister) in

the interior plantscape. Southwest Entomol. 25, 15-19.

K.S, Tassan, R.L., Sawall, E.F.J.(1970). Some
ecophysiological relationships between
certain Chrysopa, honeydews and yeasts. Boll. Lab.

Ent. Agr. Filippo Silvestri Port. 28, 113— 134.

Jensen, K., Mayntz, D., Toft, S., Clissold, F.J., Hunt, J.,
Raubenheimer, D., Simpson, S.J. (2012). Optimal
foraging for specific nutrients in predatory beetles.
Proc. R. Soc. B. Biol. Sci. 279, 2212-2218.

Koss, A.M., Snyder, W.E. (2005). Alternative prey disrupt
biocontrol by a guild of generalist predators. Biol.
Control 32, 243-251.

Liu, T.X,, Chen, T.Y. (2001). Effects of three aphid species
(Homoptera: Aphididae) on development, survival
and predation of Chrysoperla carnea (Neuroptera:
Chrysopidae). Applied Entomology and
Zoology 36(3): 361-366.

Marques, R.V., Sarmento, R.A., Lemos, F., Pedro-Neto, M.,
Sabelis, M.W., Venzon, M., Pallini, A., Janssen, A.
(2015). Active prey mixing as an explanation for
polyphagy in predatory arthropods: synergistic dietary
effects on egg production despite a behavioural cost.
Funct. Ecol. 29, 1317-1324.

Mayntz, D., Raubenheimer, D., Salomon, M., Toft, S,
Simpson, S.J. (2005). Nutrient-specific foraging in
invertebrate predators. Science 307, 111-113.

Messelink, G.J., Sabelis, M.W., Janssen, A. (2012). Generalist
predators, food web complexities and biological pest
control in greenhouse crops. In: Larramendy, M.L.,
Soloneski, S. (eds), Integrated pest management and
pest control—current and future tactics. InTech,
Rijeka, pp 191-214.

Hagen,

Messelink, G.J., van Maanen, R., van Steenpaal, S.E.F.,
Janssen, A. (2008). Biological control of thrips and
whiteflies by a shared predator: two pests are better
than one. Biol. Control 44, 372-379.

Messelink, J.G., Vijverberg, R., Leman, A. Janssen, A.
(2016). Biological control of mealybugs with lacewing
larvae is affected by the presence and type of
supplemental prey. BioControl 61, 555-565.

Murdoch, W.W. (1969). Switching in general predators:
experiments on predator specificity and the stability of
prey populations. Ecol. Monogr. 39, 335-354.

Nagrare, V. S., Kranthi, S., Biradar, V. K., Zade, N. N,,
Sangode, V., Kakde, G., Kranthi, K. R. (2009).
Widespread infestation of the exotic mealybug
species,  Phenacoccus  solenopsis  (Tinsley)
(Hemiptera:  Pseudococcidae), on cotton in
India. Bulletin of Entomological Research 99(5): 537-
541.

Oelbermann, K., Scheu, S. (2002). Effects of prey type and
mixed diets on survival, growth and development of a
generalist predator, Pardosa lugubris (Araneae:
Lycosidae). Basic Appl. Ecol. 3, 285-291.

Oliveira, M.D., Silva-Torres, C.S., Torres, J.B., Oliveira,
J.E.M. (2014). Population growth and within-plant
distribution of the stripped mealybug Ferrisia virgata
(Cockerell) (Hemiptera: Pseudococcidae) on cotton.
Rev. Bras. Entomol. 58, 71-76.

O'NEeil, RJ., Giles, K.L., Obrycki, J.J., Mahr, D.L., Legaspi,
J.C., Katovich, K. (1998). Evaluation of the quality of
four commercially available natural
enemies. Biological Control 11(1): 1-8.

Parra, J.R.P., Zucchi, R.A., Coelho Junior, A., Geremias, L.D.,
Consoli, F.L. (2015). Trichogramma as a tool for IPM
in Brazil. In: Vinson, B., Greenberg, S.M., Liu, T.,
Rao, A., Volosciuk, L.F. (Eds.), Augmentative
Biological Control Using Trichogramma spp.: Current
Status and Perspectives. Northwest A & F University
Press, Shaanxi, China, pp. 472-496.

Price, P.W., Bouton, C.E., Gross, P., McPheron, B.A.,
Thompson, J.N., Weis, A.EE. (1980). Interactions
among three trophic levels: influence of plants on
interactions between insect herbivores and natural
enemies. Annu. Rev. Ecol. Syst. 11 (1): 41-65.

Principi, M.M., Canard, M. (1984). Feedings habits. In:
Canard, M., Semeria, Y., New, T.R. (Eds.), Biology of
Chrysopidae, Springer, Dordrecht, pp. 76-92.

Sarwar, M., Salman, M. (2016). From production to field
application methodology of generalist predator green
lacewing, Chrysoperla carnea [Stephens] (Neuroptera:
Chrysopidae). Int. J. Zool. Res. 1(1):35-40.

Sattar, M., Abro, G.H., Sayed, T.S. (2011). Effect of different
hosts on biology of Chrysoperla carnea (Stephens)
(Neuroptera: Chrysopidae) in laboratory conditions.
Pakistan Journal of Zoology 41(5): 335-339.

Sattar, M., Hameed, M., Nadeem, S. (2007). The predatory
potential of Chrysoperla carnea (Stephens)
(Neuroptera:  Chrysopidae) against the cotton
mealybug. Pak. Entomol. 29, 103-106.

301


https://www.researchgate.net/journal/Pakistan-Journal-of-Zoology-0030-9923?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJzZWN0aW9uIjoicGFnZUhlYWRlciJ9fQ

Awadalla, S. S. et al.,

Sengonca, C., Griesbach, M., Lochte, C. (1995). Suitable
predator-prey ratios for the use of Chrysoperla carnea
(Stephens) eggs against aphids on sugar beet under
laboratory and field conditions. Anz. Schardlingsk
Pflaanzensch 102, 113-120.

Senior, L.J., McEwen, P.K. (2001). The use of lacewings in
biological control. In: Lacewings in the crop
environment. (McEwen, P.K, New, TR,
Whittington, A.E., Eds.), Cambridge University Press,
Cambridge, 296 302.

Singh, N.N., Manoj, K. (2000). Potentiality of Chrysoperla
carnea in suppression of mustard aphid population.
Ind. J. Entomol. 62, 323-326.

Syed, AN., Ashfag, M., Ahmad, S. (2008). Comparative
effect of various diets on development of Chrysoperla
carnea (Neuroptera: Chrysopidae). Int. J. Agric. Biol.
10, 728-730.

Symondson, W.O.C., Cesarini, S., Dodd, P.W., Harper, G.L.,
Bruford, M.W., Glen, D.M., Wiltshire, C.W.,
Harwood, J.D. (2006). Biodiversity vs. biocontrol:
positive and negative effects of alternative prey on
control of slugs by carabid beetles. Bull. Entomol. Res.
96, 637-645.

Tauber, J.M., Tauber, C., Daane, K., Hagen, K.S. (2000).
Commercialization of Predators: Recent Lessons from
Green  Lacewings  (Neuroptera:  Chrysopidae:
Chrosoperla). American Entomologist 46(1): 26-38.

Tauber, M.J., Tauber, C.A. (1974). Dietary influence on
reproduction in both sexes of five predacious species
(Neuroptera). Can. Entomol. 106, 921-925.

Toft, S. (2005). The quality of aphids as food for generalist
predators: implications for natural control of aphids.
Eur. J. Entomol. 102, 371-383.

Torres, J.B., Silva-Torres, C.S.A., Ruberson, J.R. (2004).
Effect of two prey types on life history characteristics
and predation rate of Geocoris floridanus
(Heteroptera: Geocoridae). Environ. Entomol. 33,
964-974.

AU 5 5adl) IV o 28

Uddin, J., Holliday, N.J., MacKay, P.A. (2005). Rearing
lacewings, Chrysoperla carnea and Chrysopa oculata
(Neuroptera: Chrysopidae), on prepupae of alfalfa
leafcutting bee, Megachile rotundata (Hymenoptera:
Megachilidae). Proceedings of the Entomological
Society of Manitoba 61, 11-19.

Ulhag, M.M., Sattar, A., Salihah, Z., Farid, A., Usman, A,
Khattak, S.U.K. (2006). Effect of different artificial
diet on the biology of adult green lacewing
(Chrysoperla carnea: Stephens.). Songklanakarin J.
Sci. Technol. 28(1): 1-8.

Venkatesan, T., Singh, S.P., and Jalali, S.K. (2000). Rearing of
Chrysoperla  carnea  (Stephens)  (Neuroptera:
Chrysopidae) on semi-synthetic diet and its predatory
efficiency against cotton pests. Entomon. 25(2): 81-
89.

Venzon, M., Janssen, A., Sabelis, MW. (2002). Prey
preference and reproductive success of the generalist
predator Orius laevigatus. Oikos 97, 116-124.

Waéckers, F.L., van Rijn, P.C.J., Bruin, J. (2005). Plant-
provided food for carnivorous insects: a protective
mutualism and its applications. Cambridge University
Press, Cambridge.

Williamson, F.A., Smith, A. (1994). A grow report (DS 95)
biopesticides in crop protection. PJB Publication, 120
pp.

Zaki, F.N., Gesraha, M.A. (2001). Production of the green
lacewing Chrysoperla carnea (Steph.) (Neuropt.,
Chrysopidae) reared on semiartificial diet based on the
algae, Chlorella vulgaris. Appl. Entomol. 125, 97- 98.

Al Gl ) skY Adauddl) Auiiiad) Al g jouaall Basa g Aildad) ddd) il

pad¥ cpall el g sidal

@M!W;Mi (g (e Jana il a e rlla paw

e Y00V 13 ) paidll 3 ) paiall dndla Ac 3 ALK A0laBY) ) piall and

gadlall

e\M\JMmﬁ)ﬂ\w&cA\)ﬂPu\wu\ e]\aj\éwé;&ﬂ\“};ﬂ\&&d\C.a\}uh‘_g\}ag_\ha‘)my\w\miw‘)mum
d.,}\d}ad\ ﬁ\d.\“j\@ﬁﬂ\CJ\)A\@uﬂécu\wM\uu}Mwy Qchw)sllu,;mm‘_\uuu)au&&bs)mwudlm\w)m
Qs e\i\'o n)b;é‘:;u\a.\”@);\ @ﬁﬂ\ﬂ\@;@&i\@\wujﬂzly‘!\a&wh\}@ﬂ‘ﬂ\u\.ﬂ)};é‘: 9 ‘?é-‘-““u‘u‘hh}‘ejm‘
0 il il 4 gt 5 AL 5 il e 5 sl i b e Ayina g e 5 s Sihall gai (G i s g pumaall BB B e A3 9% 070 A
uﬂé&@h}ﬂ@d\;éﬂpé&\u\qwu&&é u.u).wx.“)de‘fﬂ)«:nﬁ&k\@.ﬁﬂ\dﬂ‘wt‘y\u/u\umwhhécw)@\uujm
dﬂ\&\y\w@lﬂl)&d\u\_‘)};e\m\d\;@ mu\gemmhé.\s.ﬂldﬂ\umajﬂhw%ﬁ A o e iall an (& Galtdl) Apad o ) 35 BEN) ol gall 3
@Jﬁﬂ\dﬂ‘fzu\)aﬂ\ubjﬁu}\ L_gﬁﬂ\@\}d\wuh));éctg_ﬂsfﬂ.\uﬂ\;@u&a ).\s.d\c_i\_n\)Aﬂo)ﬂJ}L‘}}mua)ﬁ)‘aﬁ\u\h};‘&é@ﬁﬂ\
A.muk_\;\)).\ ‘ﬁ.\ﬂ.\nUkﬂ\w}@ﬁﬂ\cj\)d\d;ub)};écl@ﬂﬁ)u&ukfm ).\S.Anu_ll.l‘}[;UISM}‘A;‘_A:‘QAL}A)A&AMA_\LYAJSMM}A\LA:M}Mo)}@
OS5 8 g il glaall oda Aildal) Ay il B3 sa e At 55 ) ey s (g) et atny mu\&gw\‘;‘w)«d\uh)};t}ﬂhw%ﬂﬂ Y o Gl b

A AldSiall 3 lay) G‘“‘)'-' dac) L_g 58

Al 4y guadl) AN &y gl ALISH 5 jiiadl e -V RSN 5 -l aud U colal)

302


https://www.researchgate.net/scientific-contributions/Maurice-J-Tauber-34938901?_sg%5B0%5D=eXQVrU-JpxgwzHQVGJurnDQlsgHt1tqcnX3xQuhVdaCZSHIgHgbBvNTQ93d-x0z29St-dvI.TdY3hb2KvjOUTjytL9CRw4kFDQHUbU0yn_vjJ7lwI6cIA6vrX7h8uvv4XSmsU8DYmebs4yndLIoIrkz5C1ju7A&_sg%5B1%5D=uWTGmKak0tH412q2UP3tE7oKUch05nJ8EMDt-uTmeP0QA87as5HzIkL3a9Bi8acIKjzdyRM.Sh_oJ8HqAO150vd4KfeataIFECdREqqEjhQl7N23q2BjaRDd_3F4nic-beoGH6C0mvffuGzotxpNYJmrILlleA
https://www.researchgate.net/profile/Catherine-Tauber?_sg%5B0%5D=eXQVrU-JpxgwzHQVGJurnDQlsgHt1tqcnX3xQuhVdaCZSHIgHgbBvNTQ93d-x0z29St-dvI.TdY3hb2KvjOUTjytL9CRw4kFDQHUbU0yn_vjJ7lwI6cIA6vrX7h8uvv4XSmsU8DYmebs4yndLIoIrkz5C1ju7A&_sg%5B1%5D=uWTGmKak0tH412q2UP3tE7oKUch05nJ8EMDt-uTmeP0QA87as5HzIkL3a9Bi8acIKjzdyRM.Sh_oJ8HqAO150vd4KfeataIFECdREqqEjhQl7N23q2BjaRDd_3F4nic-beoGH6C0mvffuGzotxpNYJmrILlleA
https://www.researchgate.net/profile/Kent-Daane?_sg%5B0%5D=eXQVrU-JpxgwzHQVGJurnDQlsgHt1tqcnX3xQuhVdaCZSHIgHgbBvNTQ93d-x0z29St-dvI.TdY3hb2KvjOUTjytL9CRw4kFDQHUbU0yn_vjJ7lwI6cIA6vrX7h8uvv4XSmsU8DYmebs4yndLIoIrkz5C1ju7A&_sg%5B1%5D=uWTGmKak0tH412q2UP3tE7oKUch05nJ8EMDt-uTmeP0QA87as5HzIkL3a9Bi8acIKjzdyRM.Sh_oJ8HqAO150vd4KfeataIFECdREqqEjhQl7N23q2BjaRDd_3F4nic-beoGH6C0mvffuGzotxpNYJmrILlleA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJzZWN0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/scientific-contributions/Kenneth-S-Hagen-78853884?_sg%5B0%5D=eXQVrU-JpxgwzHQVGJurnDQlsgHt1tqcnX3xQuhVdaCZSHIgHgbBvNTQ93d-x0z29St-dvI.TdY3hb2KvjOUTjytL9CRw4kFDQHUbU0yn_vjJ7lwI6cIA6vrX7h8uvv4XSmsU8DYmebs4yndLIoIrkz5C1ju7A&_sg%5B1%5D=uWTGmKak0tH412q2UP3tE7oKUch05nJ8EMDt-uTmeP0QA87as5HzIkL3a9Bi8acIKjzdyRM.Sh_oJ8HqAO150vd4KfeataIFECdREqqEjhQl7N23q2BjaRDd_3F4nic-beoGH6C0mvffuGzotxpNYJmrILlleA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJzZWN0aW9uIjoicGFnZUhlYWRlciJ9fQ
https://www.researchgate.net/journal/American-Entomologist-2155-9902?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJzZWN0aW9uIjoicGFnZUhlYWRlciJ9fQ

