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ABSTRACT

Studies on the development and predation efficacy of
Chrysoperla csrnes (Stephens) were carried out on nymphs of Aphis
€ossypll Glover, Amrasca biguttuls biguttuls (Ishida) snd adults
of Bemisia tabsci (Gennadius) a8t 3 mean minimum and maximum
tempersture of 21.23 asnd 26.72¢C, respectively in the Biological
Control 1lshoratory, Department of Entomology, PAU, Ludhians
during 1995-96. The effect of insecticidsal application on larval
mortality of C. carnes wss slso studied. The mean larval period
of C. carnea on A. gossypii, A. biguttula biguttuls snd B. Labaci
was 9.47, 10.40 and 9.77 days, respectively. The duration of 1st,
2nd and 3rd larval instars of (. carpnea were found to be 3.48,
2.68, 3.30; 3.70, 2.88, 3.90 and 3.42, 2.7, 3.65 days on aphid,
Jassid and white fly, respectively. The mean pupal period was
B.67, 7.82 and 7.8B7 dsays, when aphid, jassid and white fly were
provided as prey species. However, the total larval plus pupal
period was 18.13, 18.83 and 17.45 days on aphid, jassid and white
Fly, respectively. C. carnes consumed significantly more number
of aphid (447.9@) than Jjassid (284 .25) which in turn was
significantly higher than white fly (250 .4@) during its larval
development. The aversge number of aphid, Jjassid and white fly
consumed by 1st, 2nd and 3rd instar larvse of C. carnes were
72.95, 140.67, 233.30; 40.85, 80.02, 163.32 and 33.15, 62.75,
153.7@, respectively. Esch successive instsr consumed more number
of preys than the previous one. The prey consumption of 3rd
instar larvase was more than the combined consumption of first two
instars. Per day consumption of (. carnes larvae on aphid, jassid
and white fly was 47.03, 27.34 and 25.69, respectively. Studies
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on feeding preference of C. carnes larvae revealed high
preference for aphid followed by jassid and white fly. Among the
different insecticides, tested for their toxicity to C. carnea,
cypermethrin, dimethoste, carbaryl and imidscloprid proved
comparatively less toxic to all instars, when exposed to treated
host (eggs of Corcyrs cephalonica) as well as by direect spray on
cotton plants. Endosulfan, chlorpyriphos, monocrotophos,
phosphamidon, ethion, and fenitrothion were highly toxic to
different instars of C. carnes.
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CHAPTER I ;

INTRODUCTION

Cotton is India’ s principal commercial crop with an area of
9.1 million hectare and production of 13.1 million bales
(Anonymous, 1998). But its productivity is largely affected by a
number of insect pests and disesses. As many as 130 species of
insects and few species of mites have been found associated with
cotton in India (Sohi., 1964). Among them sucking pests and
bollworms sre most important ss they cause losses in yield and
quslity of lint and oil. The unwarranted and improper use of
pesticides for the control of these pests has led to disturbance
in natursal ecosystem, leading to resurgence of pests, secondary
pest outbreaks, development of resistance among pests to
pesticides (e.g. Helicoverpa), toxic hazards and residues besides
environmental pollution (Huffaker and Messenger, 1876). Thus,
there is a need to follow the integrated pest mansagement approach
for the control of pests.

Biological control is one of the important components of
IPM, which is safe, economical and self perpetuating method of
controlling pests. A number of parasitoids and predators have
been reported feeding on insect pests of cotton. Chrysoperla
carnes (Stephens) commonly referred as green 1acew1ng, is of
particular interest for biological control of insect pests of
cotton, as this is the most predominant among various predacious
insect species (van den Bosch and Hagden, 1966). It is sctive

throughout the vyesr in Indis, feeding on various insect pests on



different crops (Singh and Jalsali, 1991).

C. carnea hss been found feeding on various insect pests
like eggs and esarly larval instars of Heliothis virescens
(Fabricins), pupae of Bemisia tabaci (Gennadius), Aphis gossypii
Glover, eggs of Corcyrs cephalonica (Stainton) and nymphs of
Amg;EQQ biguttula biguttnla (Ishids) (Balssubramani and

Swamisppan, 1994). This predstor has also been found feeding on a
variety of other insect pests like Thrips tabaci Lindeman, Aphis
punicae Passerini, egds and nymphs of Aphis laburni, eggs of
Ephestis kuehniella Zeller, eggs of Spodoptera littoralis
(Boisduval), eggs of Brathra brassicae Linnaeus (Awadsllah et
al.. 1975: Megahed et al., 1982 and Sengonca and Grooterhorst,
1985) and Myvzus persicse (Sulzer) (Kharizanov and Dimitrov, 1872
and Mannan, 1994).

C. ecarnes has many desirable attributes for .use in
binlogical control. They inhabit many diverse sgroecosystems and
are tolerant to msny insecticides (Bartlett, 1964; Rajakulendran
and Plapp, 1982) and can be mnass reared easily (Ridgway et al.,
197a ).

Keeping in view the importsnce of C. carnes as a predator,
the present studies were undertaken with the following

objectives:

To study development of C. csrpnea on different prey species.
2 To study predstion efficscy of C. carnes on different prey
species.

3. To study effect of insecticidal appliecation on C. carnesa.



CHAPTER 11

REVIEW OF LITERATURE

Chrvsoperla carnes (Stephens) (Chrysopidae:Neuroptera),
commonly called as green lacewing,is mainly a predator on aphids,
jassids, whitefly, thrips, mealy bug snd eggs of Heliothis. The
pertinent literature has been reviewed under the following heads:
1. Distribution
2. Rearing technique
3. Development of C._carnes on different prey species

4. Predstion efficacy of C. carnea larvae on different prey
species

5. Effect of insecticidsl applicstion on C. garnes

2.1. Distribution

The predator, (. carnes 1is widely distributed and has been
reported from Australia, Bulgsria, England, Edypt, India, Iran,
Iraq,‘ Italy, Norway, Pskistan, Poland, Rhodesia, Switzerland,
. Turkey, U5A, USSR. _ In Indis, many species of natural enemies
have been recorded from various crop ecosystems. Amongst them,
thxsgggxlﬂ.annﬁazmhﬂilﬁda boninensis (Okamoto) are most common

(Singh and Jalali, 1891).

2.2. Rearing techniques of C. carnea

Maurice and Catherine (1975) fed the adults on wheast diet
which consisted of wheat , protein hydrolysate of yeast, sugar
and honey (1:1:1:1 ratio) for rearing of Chrysoperla carnea.
Hassan and Hsgen (1978) developed artificial diet for rearing

larvse of . carnea consisting of 5g honey, 5g sugar, 5g food
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i yeast flskes, Bg yeast enzymatic hydrolysate, 1¢ caseim: :
. enzymstic hydrolysate, 10g egg yvolk and B8 ml of distilled water.

The females of C. carnea that had been fed on nutritionally
| complete food produced eggs st higher rate than those fed on
sugar alone or with those feeding on naturally occurring food

i.e. honey dew and pollen (Tassan et al., 1879).

Kismir and Sengonca (1981) reared C. c¢arnea on eggs of

Sitotroga cerealella (01.) at 25¢C and 7@-80% R.H.
Krishnamoorthy snd HNagsrkatti (1981) developed a technique
i of rearing Chrysops sclestes Banks on the frozen eggs of Corcyra
cephalonica.

Dry diet for sdults of common lacewing based on brewer’s
yveast hydrolysste and saccharose was more suitable diet in
comparison with liguid artificial diet. Fecundity was increased
2.2-2.8 folds in comparison with liquid diet (Makarenko, 1988).
Hasegawa et s8l. (1989) developed s technique for rearing C.
carnes on chemically defined diets. The diet were composed of 23
amino acid, sucrose, trehalose, 17 vitamins, 6 fatty acid etec.
The adult of C. carnes on best diet produced more than 1000 eggs
over two months.

Letardi and Caffarelli (1988) developed a liQuid artificial
diet for feeding C. cg¢arnea. However, larval develobment was
slightly extended on the lignid diet (an saverage of 18.2 and 14.4

‘‘days, respectively) compared with individusls reared on egdds of

E. kuehniella (18.2 days).



5

The artificial diets for rearing larvae of C. carnea cannot
be used efficiently until encapsulsated in an artificial eggs. The
cannibalism in the larvae can be inhibited by using polystyrene
‘chips which when used to Fill the rearing box to 75 per cent of
its capacity (Singh and Jslali, 1991). Kubota and Shiga (1995)
developed s method of successive rearing of chrysopids on eggs of
Tribolium castasenum (larval diet) and on 2:3 mixture (by weight)
of commercisally available yeast sutolysate and honey (adult

diet).

2.3. Development of C. carnea on different prey species
2.3.1. Larval period

The durstion of larval stages of C. carnea on different
hosts as reported by different workers ranged from 7.53 to 16.98B
days.

The larval stage of C. carnes lasted 9.5 days at 2@0°C on
eggs of Ditotroda carealella (0l1.) (Kowalska, 1968). Butler and
Ritchie (187@) reported that the duration of larval stage varied
from about 4 week at 15°C to 1 week at 30°C on eggs of Sitotroga
cereslells. Generally, the Ist instar was the longest, the 3rd
was next longest and the 2nd was the shortest.

The larval stage of €. carnes found to last for 16-17 days
at an sversge daily tempersture of 18eC, 12-15 days a@ 18.5eC,
14 days st 18.6eC, 13 days at 18.8eC, 12 days at 20.8°C and 4-10
days at 24.6°C (Khsrizanov and Dimitrov, 1872).

Larvae of C. carnea survived even when starved for a period

of 4 days. There were two moults (Egger, 1974).
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Awsdsllah et al. (1975) reported that st 28eC of temperature
and B63-70% relstive humidity, larvae of C. carnea lasted for
14.18, 11.32 and 8.50 dsys on Thrips tabaci, Aphis punicae and
eggs of Spodopters litura, respectively. Development was faster
on S§. liturs followed by sn A. punicse and T. tabaci.

The durstion of 3 larval instsrs was 2.8, 2.9, 4.4 days on
egg diet sand 3.3, 3.9, 8.4 days on larval diet of Heliothis

et of
armigera (El-Daksonry/ 1977).

Afzsl and Khan (1978) reported that total duration of larval
stages of C. carpes was 12.9 days on thé pupae of Bemisia tabaci
(Gennadins). Bsbrikova (1981) reported that duration of larval
stages of €. carnes saversged 9.82 (7-18) days at mean daily
temperature of 25.10C and mean RH of 75.1% but at 17.5°C and
“8@.3% RH, it averagea® 19.96 (8-31) days.

The larval period of €. carnea which was collected from
sphid infested maize field aversged 8.3 days at 27°C and 65.8% RH
(Varma and Shenhmar, 1983). Sengonca et al. (1987) studied the
effect of feeding different prey species on the development of C.
carnea. The results indicated that Tetranvchus urticse Koch
compared unfavourably with eggs of Myzus persicae and Mamestra
brassicse and led to a longer period of larval development and
85% mortality. There were minor differences in the development
time between larvae fed on Myzus persicse, Aphis tgbaé Scopoli
and Bravicorvne brassica (Linnseus), high mortality occuring only
with Hameshtrs brassicae. The combination of feeding on

unfavoursble and favoursble prey at different lsrvasl stages
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revealed that development time was shorter snd mortality higher
when Ist and 2nd instsr larvae were fed on unfavourable 1
uni;ﬁgg and third instar larvse on the unfsvourable Myzus
persicae.

Kaya and Oncuer (1988) studied the effect of combination of
two prey species on development of C. carnes under laboratory
conditions at temperature of 24-26°C snd B@-70 per cent relative
humidity. It was observed that Chryvsoperla lsrvae fed on eggs of

the Ephestis kuehniells hsd more rapid 3evelopment, Ereater adult

fecundity snd lower mortality rate during sall stages than lsrvae
fed on nymph and adults of the aphid Acryrthosiphon pisum
(Harris). Chrysopids fed on combination of these prey species
showed intermediste results.

Total duration of development period from egg to adult
emergence in C. carnea was found to be 19.15, 19.95, 20.15, 20.60

and 22.50 days when larvae were fed on Bemisis tsbaci, eggs of

Corcyra cephalonica and Helicoverpa srmigders, Aphis gogssypii,
Amrascs biguttuls biguttuls, neonate larvae of Heliothis srmigders
(Balasubrasmani and Swsmisppan, 1994). It was further reported

that the larval development was 8.2 and 11.1 days on eggs of

Corcyra cephalonica and on neonste lsrvse of K. armigera,

respectively.

Mannan (1994) reported that the duration of first, second
and third instar larvae were 2.60, 2.55, 2.38 days and 3.75,
2.78, 3.35 days, when Aphis gossypii snd Myzus persicse were

given as food, respectively.



2.3.2. Pupal period

The pupal period of C. carnesa on different hosts as reported
by different workers ranged from 7.24 to 15.9 days.

Kowslshks (19688) reported that pupal stage of C. carnea
lasted 12 days at 20°C on egdgs of Sitotrogs cerealells (01.).
Butler and Ritchie (1878) found that durstion of pupal stage for
both msles snd females varied from 13-14 dasys at 2@°C and 6-7

days at temperature between 2do and 35°C on eggs of Sitotroda

cerenlells.

Fupal stage of C. carnesa lasts for 14 days at temperature of
17.8oC, 10 days at 22.5°C, 9 days at 21.8, 24.8 and 25°C and 8
days at 22.6 and 25°C (Kharizanov and Dimitrov, 1872).

Awsdsllsh et al. (1975) found that pupal stages of C. carnea
lssted 8.37, 8.3@ and 8.08 days respectively on Thrips tabaci,
Aphis punicsae and on eggs of Spodoptera litura.

Total duration of pupal stages was 8.7 and 7.9 days on egg
diet snd lsrval diets of Heliothis armigers (El-Daksoury, 1977).
Afzsl snd Khan (1978) reported that the duration of pre-pupal and
pupsl stages of C. carpnes were 4.2 and 7.8 days on pupae of
Bemisia Lsbaci, respectively.

The duration of pupal stage varied between 8.76 (7-13) days
and 15.11 (9-23) days in a temperature range of 24.8 and 18.9°C
(Babrikova, 1981). '

Varms and Shenhmar (1983) reported that pupal period of C.
carnes which was collected from sphid infested maize field

sverage 8.5 days at 27eC and B5.8% relative humidity.

-
-
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Baslssubramani and Swammlappsn (1994) reported that pupsal
development period was shorter on Bemisia tabaci (7.40 days) and
Amrasca biguttula biguttula (7.49 days) and longer on neonate

larvae of Heliothis armigers (8.40 days).

al

Mannsan ({1994) reported that pupal period of €. carnea was
' 9.43 sand 11.40 days on Aphis gossypii and Myzus persicae,

respectively.

2.4. Predation efficacy of C. carnea on different prey species

The information on the feeding capacity of larva and
different larval instars as reported by different workers ranged
from 173.75 to 952.4 preys.

The chrysopid consumed more aphids at higher temperature
thsn st the lower or vsriable ones. It has been found that the
minimum food requirements for development was considersbly less
than the actusal amount consumed. C. c¢arnea appeared to be the
most efficient predstor at 21eC (Sundby, 19668). Third instar
larvae were most vorscious feeder (Stmvakhina, 1975).

El-Dsksoury (1977) reported that the number of eggs of
Heliothis srmigera consumed per predator during three larval
instars sveraged 24.1, 480.5 and 113.7, respectively and number of
larvae of Heliothis armigers Wwas 37.9, 95.8 and 757.7. The
average daily consumption of eggs per larvae of C. carpnesa was
9.8, 14.3 and 26.2 in the 3 instars respectively and that of
larvae of H. armigera was 11.8, 24.0 and 99.3, respectively.

Afzal and Khan (1978) reported that the number of Aphis

gossypii Glover consumed aversged 487.2 per larvae and pupae of
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Bemisia tLtabaci averaged 510.8 per larvae of C. carnes. Aphids
were more preferred than the pupase of whitefly by C. carnea.

The release of C. carnea into a population of A. gossypii
Glover at a ratio of 1:50 or 1:55 reduced number of aphids by
99.5% whereas untreated population of A. gossvpii doubled in size
(Ishankulieva, 1979).

Three relesses of C. carnes made at the predator prey ratio
of 1:1 reduced the abundance of Aphis gossypii by 98.5% and that
of thrips by 95.6% and that of spider mite (Tetranvchus spp.) by
192% snd that of young 1larvae of Heliothis armigers by 50¥%
(Gurbanov, 18982).

Megahed et 8l. (1982) observed that larvae of C. carnea
increased their prey consumption in the laboratory as they grew
older. Sengoncs and:Grooterhorst (1985) reported that number of
prey consumed by C. carnea increased slowly and reached a peak in
the 3rd 1larval instar. A single larvae consumed 982.9 eggs of
spodopters littorallis (Boisduval) ss compared to 426.2 eggs of
Bratha brassicase Linnaeus during total 1larval development.
However, the weight of prey consumed was same since eggs of B.
brassicase was 2.33 times heavier thsn those of 5. littoralis.

The consumption rate of €. carnea increased with the
decrease in relative humidity and there was s marked increase in
the consumption 8t &8 higher temperature of 3@eC. Thé aversge
number of aphids consumed a8t 3 temperature of 3@eC and 4@0% RH
during the larval stage was sbout 424.6 per larvae, while at 85%

RH, this was reduced to 273.4 per larvae. At 20°oC and 49 and 85%
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RH these values were 382.6 and 232.6, respectively (Zaki, 1887).
Butler snd Henneberry (1988) investigsted the predation of
Bemisia tabaci (Gennadius) by C. carnea. Adults of C. carnea do
not feed on B. tsbsci adults or eggs. First instar larvae of C.
carnes consumed eggs and pupase of Bemisia ftabaci in about the
same time, while the 2nd instar larvae of C. carnea consumed eggs
more rapidly than 1st instar larvse. Third instar larvae consumed
pupa in 33-78 seconds.

Obrycki et al. (1989) reported the wsuitability of corn
insect pests for development of C. carnea. The number of eggs of
Ostrinis pubilalis snd AgroStis ipsilon consumed averaged 377.0
and 641.¢ per larvse.

The 3rd instar lasrvase of C. g¢arnes has been found to prey on
pupae of Bemisia tabsci (Kapodia and Puri, 1980). Yuksel and
Gocman (1992) reported that Aphis gossypii consumption by 1st
instar larvse of C. carnea was 53.68 and B0.3 at 25°C and 3@°C,
respectively while that of 2nd instsar lsrvse was 724.4 and 506.7.

The number of aphids i.e. Aphis gossypii and Myzus persicae

consumed during the larval development were 449.43 and 173.75,

respectively. The three larval instsrs consumed 85.30, 120.85,
243 .40 Aphis gossypii and 30.85, 49.35 and 93.75 Myzus persicae.

“The number of aphids consumed by s larvs incressed with age

(Mannan, 1994).

2.5. Effect of insecticides on C. carnea

Bartlett (1984) reported that day old residues of dimethoate

were not apprecisbly toxic to C. carnea but phosphamidon and
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endosulfan were highly toxic to the larvae of C. carnea.
Most of the organophosphate insecticides and the carbamate
methomyl were highly toxie to the predator. Another carbamate,
carbaryl, formamidine, chlordemiform, several pyrethroids and
several orgsnochlorines were much less toxic to (. carnea.
Phosphorothionate (P = S) insecticides were selective against C.
carnes in comparison with synthetic pyrethroid snd endosulphan
(Plapp and Bull, 1978).
Hafez et al. (1979) studied the effect of 3 ULV sprays of
Nuvacron snd low volume sprays of several insecticides including
Nuvacron from sirersft and ground equipment on abundsnce of
i predator in cotton field. The population of predator were
considersbly lower in former field than later. Babrikova (1973)
studied the effect of pesticides on adult and pre-adult stages of
C. carnes. The egg, larvae and pupae were for the most part
resistant to pesticides, while the adult were most sensitive. Ont
of 22 pesticidey tetrachlorvinphos, phosalone, ethiofencarb,
primicarb snd menazon were the least bLoxic.

Permethrin, cypermethrin, fenvalrate, bioresmethrin and
Decis were found to be very toxic to larvae of C. carnea and low
toxicity to larvse of Episyrphus balteatus (Deg.) (Niemczyk et
al., 1978).

Among the various insecticides tested, DDT, monocrotophos
and Decis has 1little effect on eggs of C. carnea while the
cypermethrin, permethrin snd fenvalerate caused 1-70% kill. DDT

and especislly monocrotophos caused heavy larval mortality (upto
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B4%Z) but the synthetic pyrethroids especially Decis and
‘fenvalerate were much 1less hsrmful. The adults of C. carnea
. proved very susceptible to all the compounds tested except
: fenvalrate which had no effect and cypermethrin which caused 407%
mortality (Kismir and Sengonca, 1988).

Larvae of C. carnea has shown remarkable natural tolerance
to pyrethroids in laboratory which is attributed to
detoxification by pyrethroid esterases. This nymphal enzyme had
ususlly high activity and unique specificity for hydrolysing
hciSpermethrin and é;permethrin 2-3 times as fast as the
corresponding trans-isomers. Deltamethrin was also hydrolysed
rapidly (Ishaaya and Casida, 1981).

Adults and larvse of C. carnea and Coccinells septumpunctata
were exposed in the laboratory to films of primicarb at 3808 g/ha,
oxydemeton methyl at 30@ ml/ha, ethiofencarb at 6@8@ ml/ha, HOE
25682 at 300 g/ha and heptenophos at 329 ml/ha and then provided
with Acryrthosiphon pisum (Harris) as prey (Grapel, 1981).
Ethiofencarb, oxydemeton methyl and heptenophos reduced predation
and fecundity of both predators by 10@ per cent. Oxydemeton
methyl csused nearly 109 per cent mortality to both species in 5

days and heptenophos caused about 38% in 2 days. HOE 25682 was

less injurious to Cocecinells septumpunchata but reduced feeding
by C. carnea considerably. Only primicarb could be considered

safe for use agsinst aphid in the presence of predsators.
Rajskulendran and Plapp (1982) studied the comparative

toxicity of 5 synthetic pyrethroids Vi phenothrin,

—
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. ypermethrin, tralomethin, fluvalinate and flucythrinate to C.

carnea and trslomethrin was least toxic. Singh and Varms (1884)

reported that endosulphan, guinalphos, monocrotophos and
fenitrothion caunsed 74-89% larval mortality of C. carenas after 72
hour of feeding on insecticide treated food (eggs of rice moth).
Carbaryl and cypermethrin were moderately toxic (34.1-38.1%
mortslity) and fenvslerate proved least toxic (19.1% mortality).
ZJhumanov et al. (1988) studied the effect of pesticides on
common lacewing, C. carnes. The compound Bi 58 (Dimethoate) was
harmless to €. carpnes but was highly toxic to the other
predstors. Snruliveln and Kumsrswami (1989) studied the effect
of “skip row coverage of insecticide applicstion on sucking
pests and their predators in ecotton. Deltasmethrin, endosulphan

and monocrotophos as skip row coverage in 3 field resulted 1in

lsrger populstion of C. carens.

Desrwish and Fargﬁal (19908) reported that Bets cyfluthrin was
most effective insecticide against Bemisia Ltabaci and least toxic
to C. gcarena. Natsrajan (199¢¥) reported that activity and
abnndance of C. c¢arnea was reduced significantly more when
triszophos, monocrotophos were sprayed than when endosulphan was
used.

Pyrethroids were highly detrimental to C. carnea and
resulted in s lowest number of 2.8-4.3 of predator per fﬂ leaves
occurring early in the vyear and @.3-1.2 of later occurring

predator per 10 leaves (Rao and Reddy, 198@).
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Wetzel et s8l. (1991) developed a technique for monitoring
target effect of pesticide on larvae of C. garnes. Larvae
ere relessed in s large numbers on the plants and pesticides
applied on the same day. After 24 hours, survival of larvae is
assessed for 3 days using bait card with eggs of Ditotroda

Parathion was shown to be harmful,

ﬁeptenophos moderately harmful and triforine harmless to the G

Baspinar and Uygun (1992) studied the side effects of

fluvalinste and fenitrothion on adult of €. carnea and on egg,

larvse, pupa and adult of Leptomastix dactylopiil. Fenitrothion

had a greater effects on adults of C. carnea than fluvalinate.
" Although there were no effect on larvae and pupae of L.

dactylopii but it has effect on adults.



MATERIAL AND METHODS

The present studies were carried out in the Biological

-Control Laboratory of Department of Entomology as well as at the
Entomological Research Farm of Punjab Agricultural University,
‘.Ludhiana during 1995-96.

*3-1. Source of insecgs and their rearing

3.1.1. Chrysoperla carnea ({tephens)

The adults of C. carnea were collected from unsprayed cotton
crop grown at the Entomological Research Farm, PAU Ludhians and
were compared with the already identified specimen in the
Biological Control Laboratory. These adult insects were kept in
a battery Jar (15 x 18 cm). The bottom and inner sides of jar
were covered with brown paper for oviposition. The mouth of jar
was also covered with brown pasper which was held with a rubber
band [Fig.1(s)]. Adults were provided with food by hanging a
cotton swab dipped in honey from top of the jar. The brown paper
was provided daily for oviposition. When the eggs were laid, they
were removed slong with brown paper. The eggs were then
transferred to glass wvials (15 x 2.5 cm) singly with small
portion of brown paper which was c¢ut along the egg. Mouth of
these vials were covered with surgical cotton wool [Fig.(1b)].
The vials were kept vertically in a plastic trsy. Eggs in the
vials were examined daily For hstching. The lsrvae produced were
provided with eggs of Corecyra cephalonica till pupation. The

prupae were kept in glass vials till the emergence of adults. The

e e



Fig 1. (a) Battery jar (15 X 10 cm) for egg laying.

(b) Glass vial used for studying development and
predation efficacy of C. carnea.
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larvse and adnlts produced in this wsy were nsed for various
studies.

3.1.2. Cotton aphid, Aphis gossypii Glover

To maintain a continuous supply of A. gossypii. the colonies
of aphids were raised on cucurbit plants. The cucurbits were sown
in the earthen pots st different intervals and were allowed to
grow in the open. The saphid collected from unsprayed cucurbit
plants in the field were transferred to the potted plants with
the help of camel hsir brush, where they multiplied. Immediately
after releasing the aphids, these potted plants were kept covered
in the sereen house. This species was used for studying
development and predstion efficacy of C. carnes.

3.1.3. White fly, Bemisia tabaci (Gennadius)

To obtsin information on the development snd predsation
"efficacy C. carpnea, the colonies of B. +tabaci were resred on
brinjal and cotton plants. These plants were raised in the pots
at different interval and were kept in the open. Adults of B.
tabaci were collected from the unsprayed plants of cotton with
the help of s aspirator and were relessed on potted plants of
brinial and ecotton for mulbtiplication. These potted plants were
shifted to screen house immediately after release of cotton white
fly. The sadult while flies produced this way were used for
different studies. .

3.1.4. Cotton jassid, Amrasca biguttula biguttula (Ishida)
To maintain continuous supply of A. higuttuls biguttnls for

different experiments on development and predation efficacy of C.
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carnea, the colonies of ecobbon jassid were raised on okra
(Abelmoschus esculentus) plants. The seeds of the okra were sown
in the earthen pots at different intervals and were allowed to
€row in the open. The adults of cotton jassid were collected
from unsprayed plants of cotton with the help of a aspirator and
transferred to the potted plants, where they multiplied. The
plants were kept covered in the screen house. The nymphs produced
this way were used for conducting different experiments on

development snd predation efficacy of C. ecarnea.

3.2. Temperature record

The laborastory temperature was recorded daily between 9.00
and 9.3 a.m. during the period of study. The tempersture in the
lsborastory was msintsined almost constant by using air

conditioners and room heaters depending upon the westher.

3.3. Development and predation efficacy of C. carnea
3.3.1. Larval and pupal development

The studies on the larval sand pupal development of C. carnea
on different prey species were carried out under laboratory
conditions in the Biologiecal Control Laboratory of the Department
of Entomology. A. gossypii, B. tabaci and A. biguttula biguttula
were used as food for development of C. carnea. The durgtion of
first,.second and third instsr lsrvse and pupal period of C.

carnea were recorded on the above mentioned prey species.



18

3.3.2. Larval period
Ten newly hatched larvae were kept singly in the glsss vials
(15 x 2.5 em) to prevent csnnibalism. The larvse were daily
provided with food in excess to their requirement sand the
unconsumed food was removed next day. The dates of larval
emergence and pupation were recorded regulsrly to work out the
“total lsrval span. To determine the durstion of larval instars
larvae were observed carefully under the =zoom stereoscopic
binocular microscope to find out the interval between successive
moultings. The larvse were examined twice daily at 9.90 a.m. and
5.3 p.m. for moulting and pupstion. When the exuviae of
particular instar was noticed, it was removed with the help of

webt camel hair brush. Thus, the durstion of all the instar was

worked ont. These studies were conducted by providing A.
gossypii, B. tabaci and A. biguttula biguttula as host
separately. The data for 1larval period and 1larval instar

durations were statistically analysed using randomized block
design. This experiment wass repeated four times to confirm the
observations.
3.3.3. Pupal period

The time intervsl between pupation and adult emergence was
considered as pupsl period. The pupae were not removed from the
vials which were used for larval development till the emergence
of adults. For this purpose, Lthe record of pupation and adult
emergence of ten pupse was kept to work out the pupal period. The

dats were statistically analysed to calculate mean pupal period.
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This experiment was slso repested for four times to confirm the

observations.

3.4. Predation efficacy of C. carnea
3.4.1. Feeding capacity of C. carnesa larvae

The feeding cspacity of C. carnes larvae during total larval
period and individusls larval instars were studied on three prey
species i.e. A. gossypii, A. biguttula bigutiuls and B. tabaci.
The consumption of prey by larvse ss well &5 by esch instar was
studied. For this purpose, ten newly hatched C. garnes larvae
were tsken snd kept separately in glass vials (15 x 2.5 em) for
daily ‘consumption of cotton aphid, Jjassid and white fly. The
larvae were provided with counted number of nymphs of aphid,
géssid and adults of white fly 1in excess to their requirement
till pupstion. After 24 hours, esch visl was examined for actual
number of preys consumed and unconsumed preys were removed. The
record for daily consumption of above mentioned prey species by
larvae of C. garnes was maintsined, till they pupated.

Similarly, for determining the feeding capacity of each
instar, the number of nymphs of different prey species consumed
by larvase of C. carnes till the completion of larval instar were
also counted. In addition observation were also taken twice a
day st 9.0 s.m. and 5.3 p.m. for changing of lsrval-instar.
During these observations, the exuvise of previous instar, if any
found along with unconsumed prey species were removed and number
of preys consumed daily were counted to determine the total

number of prey species i.e. sphid, cotton jsssid and cotton white
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fly consumed by previous  instars. The dats  were stotislically
analysed by eslenlating the mean number of sphid, Jassid and
white fly consumed during the larval period and each larval
instar. This experiment was slso repested for four times.

3.4.2 Comparative preference of A. gossypii, A. biguttula
biguttula and B. tabaci by larvae of C. carnea

A replicated experiment was conducted to study the
comparative preference of C. carnea larvae for nymphs of cotton
aphid, Jjassid and adults of white fly. For this purpose ten
potted plants of cotton (5-8 leaf stage) were taken snd covered
with glass chimneys. The glasss chimneys were darkened from inside
by wraspping with black psper. On each plant, ten second instar
larvae of . carnea were released with the help of camel hair
brush. After settling of these larvae, on each plant thirty
nymphs of Aphis gossypii were relessed with the help of wet camel
hair brush sand 30 adults of Bemisisa tabaci and 3@ nymphs of

Amrasca biguttula biguttula were released with aspirator. One

such plant constituted one replication. The observations for
number of prey species consumed by C. carnea larvae were recorded
at an intervsl of B hour after the release of predstor and prey
species on the potted plant. The dats was statistically analysed
to work out mean number of preys consumed of each species. This
experiment was repeated twice.

3.5. Effect of insecticidal sprays on larval mortality of C.
carnesa

Ten insecticides wviz. dimethoste 3@EC (@.975%), phosphamidon

855L (P.064%), imidacloprid 20@SL (@.@09%}, endosulfan 35EC
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(@.28%), monocrotophos 3BSL (9.14%), carbaryl 5QWP (0.40%),
cyperﬁethrin 12EC (0.018%), chlorpyriphos 20EC (B8.32%),
. fenitrothion 5@EC 4@.34%) sand ethion S5@EC (@.32%) were tested
against 3 larval instars of C. carnes at dossges recommended for
the control of cotton pests. The formulations of these
insecticides for sprsy on larvse of C. carnea or on its food i.e.
eggs of Corcyrs cephslonics were used after appropriate dilution
with water.

3.5.1. Effect of different insecticides on C. carnea by direct

sprays on food (eggs of C. cephalonica)

For this purpose, Corcyra cephslonica Stsinton egegs to be
used as treated food were glued on cards and sprayed individually
at recommended concentration of these insecticides with the help
of a baby sprayer upto the point of run off. The insecticide
treated egg casrds were allowed to dry in shade at room
tem ature before being used for toxicity studies. Ten larvae of
C. carnes were kept in each glass vial and exposed to strip of
cards bearing sprayed eggs for first 24 hours. One such glass
vial constituted one replicstion. The trested egg cards were
removed after 24 hour and replaced with untreated egg cards of C.
cephalonica. The larvae were provided daily with fresh untrested
egg cards till their death or pupation. Observation on larval
mortality were recorded st sn interval of 3, 6, 12, 24, 38, 48
and 72 hours after release of (. carnea larvae on insecticide
treated eggs of (. cephalonica. From these observations
cummulative per cent larval mortality of C. carnea was worked out

at different time intervals. The data was statistically analysed
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using randomized block design.

3.5.2. Effect of different insecticides on larvae of C. carnea
by direct spray on plants

For this purpose, potted plants of cotton (3-4 week old)
free from insect pests were taken. Ten larvae of C. gcarnes were
released on each potted plant with the help of camel hair brush
and allowed them to settle. One such prlant constituted one
replication. These potted plants were sprayed individnally st
recommended concentration of these insecticides with the help of
baby sprayer. After +twenty minute, the treated lsrvae of .,
carnea were removed from the plant with the help of camel hair
brush and transferred them into glass vials. These larvae were

provided daily with fresh food (i.e. nymphs of Aphis gossypii

' ‘Glover) and examinéd them until their desath or pupation.

Observations on larval mortality were recorded at an interval of
3, 6, 12, 24, 3B, 48 and 72 hours after transfer of C. carnesa
larvae into glass vials. The cummulstive mortslity was worked
out &t different time intervals. The data was statistically

analysed using rsndomized block design.



CHAPTER 1V
RESULTS AND DISCUSSION

4.1. Development of C. carnea on different prey species
4.1.1 Larval period

The development of €. garnes larvae was studied under
lasboratory conditions st mesan temperature of 26.72 (maximum) and
21.230C (minimum) on cotton aphid, Jjassid and whitefly. The
experiment on the development of C. carneas was repeated four
times under laboratory conditions. The results of these
experiments are given in Table 1 to 4. The larval development
was comparstively faster on Aphis gossypii followed by Bemisia
tabaci and Amrasca biguttula bigubtula. However, the total
larval plus pupal period was comparatively shorter on B. Labaci
followed by A. biguttula biguttula snd A. gossypil. Pooled data

of Four sets of experiments presented 1in Table 5 reveals that

mesn larval period of C. carnea was 9.47, 9.77 and 10.40 days,
when A. gossypii, B. tabaci and A. biguttuls biguttula were
provided ms prey species, respectively. However, the difference
were non-significant. The present findings are similar to the

earlier reports where the larval period has been reported to be

7.23 -days when reared on adalts of Aphis gossypil at mean
temperature of 32.89 (maximum) and 27 .49°C (minimum),
..respectively (Mannaa: 1994). Butler and Ritchie (1970) also
reported that larval period of C. carnea was 8-11 days when
reared on eggs of Sitotroga cereslella (Oliver) at temperature of

25 gpnd 3@oC. Similsrly, Kharizanov and Dimitrov (1972) reported

that three larval instars were completed in 9-10 days at 24 .6<C
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on Myzus persicae. However, the larval period was prolonged to
16-17 days at lower temperature of 18°C. El-Daksoury (1977) also
reported that total duration of 3 larval instar was 9.9 days on
egg diet of Heliothis armigera.

Afzal and Khan (1878) reported that duration of larval
instars of €. carnes was 12.9 days on pupse of Bemisisa tabaci
(Gennadius). Awadallah et al. (1975) reported that the larval

stages of C. carnea lassted 14.18 days on Thrips tabsci, 11.32 days

on Aphis punicse and 8.5 days on eggs of Spodoptera liturs at
28oC. Babrikova (1981) also reported that duration of larval

stages of C. carnes averaged 9.82 days at mean daily temperature
of 25.1°C but at 17.50C it averaged 16.96 days. Varma and
ShenhTmar (1983) also reported that duration of larval period of
C. carnes which was collected from aphid infested maize field
sveraged 8.3 days at 27°C. These differences in larval duration
may be dne to different prey species involved and the difference
in temperature for rearing larvae of C. carnea in different
studies.

The duration of 1st, 2nd and 3rd larval instars (Fig.2) of C.
carnes were found to he 3.46, 2.88, 3.30 and 3.7, 2.80, 3.9 days
on nymphs of A. gossypii and A. higutinla biguttula and
correspondingly it was 3.42, 2.7@ and 3.B65 days respectively, when
adults of B. tasbsci were provided as host (Table 5). The present
findings sare almost in confirmity with the earlier reports where
the durstion of 1st, 2nd and 3rd larval instar of C. carnea were

2.60, 2.25, 2.38 and 3.75, 2.78, 3.35 days on A. gossypii and M.



Fig. 2 Three larval instars of C. carnea.
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persicae, respectively (Mannan, 1994). Butler and Ritchie (197@)
slso reported that duration of 3 larval instars were 4.2, 3.2 and
3.5 days on eggs of BSitotroda carealella. El-Daksoury et al.
(1977) reported that the total duration of 3 larval instar was
2.6, 2.9 and 4.4 days on eggs of Heliothis armigera.

Total larval plus pupal period was 18.13, 18.03 and 17.45
days when nymphs of A. gossypii. A. biguttuls bignttula and adults
of B. tsbaci were provided as prey species (Table 5). The larval
development was comparatively faster on A. dossypiil followed by B.
tabaci and A. biguttulas biguttula. However, the total larval plus
pupal period was shorter on B. Labaci followed by A. biguttulsa
biguttulas and A. gossypii. Bslasubramani and Swamiappan (1994)
also reported faster development of C. carnes when pupae of B.
tabaci were provided as a prey species.

4.1.2. Pupal period

The mean pupal period was 8.67, 7.62 and 7.67 days, at mean
temperature of 26.72 (maximum) and 21.23°C {minimum) when C.
carnes was reared on nymphs of A. gossypii, A. biguttula biguttula
and adults of B. tabaci, respectively (Table 5). The pupal

development was significantly faster on A. biguttulas biguttula and
B. tabaci as compared to A. gossypil. The present findings
corroborate the earlier reports where the duration of pupal stage
was 8.5 days at 27°C on egds of Corcyra cephalonica and 9.43 days
on Aphis gossypii at a temperature of 27.4eC (Varma and Shenhmar,
1983 and Mannan, 1994). Balasubramani and Swamiappan (1994) also

reported pupal period of C. carnes 7.40 days on B. tsbsaci and A.
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biguttuls biguttula. Afzal =and EKhan (1978) also reported that
duration of pupal Stasge of C. c¢arnea was 7.8 days on pupae of
Bemisis tabsci. However, the pupal period has been reported to be
7-9 days when reared on eggs of Sitotroga cereslells (Butler and
Ritchie, 187@).

El-Daksoury (1977) observed that total duration of pupal
stage was 6.7 days on egg diet and 7.9 days on larval diet of
Heliothis srmiders. Bsbrikova (18981) reported that the duration
of pupal stage varied between 8.768 (7-13 days) and 15.11 (89-23
days) at a3 tempersture range of 24.8 to 18.9eC. These findings are
in confirmstion to the present findings on pupal period and the
slight differences in pupal period may be due to difference in
temperature or prey species involved in rearing of C. gcarnea.

4.2 Feeding cgpacity of Chrysoperla carnea larvae on different
prey species

The feeding caspacity of €. carnes larvae was determined by
using nymphs of A. gossypii, A. biguttula biguttula and adults of
B. tahsci as prey species. The experiment on the feeding capscity
of C. carnes was repested four times under lsboratory conditions.
The results of these experiments presented in Table B to 9 revesals
that C. garnea larvae has highest feeding potentisl on A. gossypii
Followed by A. biguttula biguttula and B. tahaci. Per day prey
consumption of C. garnes larvae was also significantly higher when
A. gossypii nymphs were provided as prey followed by A. biguttula
biguttuls and B. Ltahseci. It was slso observed that every ’
successive instsr consumed significantly more preys than previous

one. The pooled dasta of these four sets of experiments is given in
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Table 10.

The dats presented in Tsble 10 revesl that average number of
aphid and jassid nymphs and white fFly adults consumed by C. carnea
lsrvae during its development was 447 .00, 284.25 and 250.40 at =&
temperature of 26.72 (maximum) and 21.23C (minimum). The present
findings corroborates the earlier reports where the average total
. consumption of A. gossypii, A. biguttula biguttula and pupae of B.
tabaci by C. garnea has been reported to be 419.18, 288.45 and
329.7% (Balasubramani and Swamiappsn, 1994 ). Mannan (1994) also
reported that the number of Aphis gossypii consumed during larval
development were 449.43 at 3 mesn minimam and msximum temperature
of 27.49 and 32.51eC, respectively. Similarly number of Hyzus
persicse consumed during lsrval development were 173.75 st mean
minimum and maximom temperature of 22.79 and 28.87¢C. Afzal and
Khan (1978) also reported that number of A. gossypiil consumed by
larvae of C. carnes averasged 487.2.

However, the aversge number of aphids consumed by larvae of
C. carnea was 426.6 at 30°C and 4@% R.H. and 382.6 st 20°C snd 408%
R.H (Zaki, 1987). The slight variation in prey consumption by C.
carnes may be due to difference in rearing temperature and prey
species involved.

The number of aphid and jassid nymphs consumed Sy 1st, 2nd
and 3rd instar larvae of C. carnea were 72.95, 140 .67, 233.30 and
40 .85, 80.02, 163.32 respectively at g laboratory temperature of
26.72 (maximum) and 21.23°C (minimum) (Fig.3). The corresponding

consumption of white fly adults by 3 larvsl instars of C. carnes
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Fig.3 : Feeding capacity of C.carnea larvae on different prey species.
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was 33.15, 62.75 and 153.70 (Table 1@). The studies on the
consumption of different prey species by three larval instars of
C. carnes showed that 3rd instar lsrvae consumed maximum number of
preyvs. It was also ohserved that every successive instar consumed
more preys than previons one. The number of preys consumed by 3rd
instar larvae was more than the combined consumption of first, two
larval instars in all the prey species. This msy be attributed to
the fact that 3rd instar larva was more voracious feeder than
first two larval instars.The present findings are similar to the
earlier reports where the three instars of C. carnea consumed
85.30, 120.85, 243.40 A. gossyplii at & mesn wminimum and maximum
temperature of 27.49 and 32.51eC. Similarly, 3 instars of C.
carnea consumed 3@.65, 49.33, 93.75 HMyzus persicae at mean minimum
and maximum temperature of 22.79 and 28.87¢C, respectively
l(Hannan, 1994). Yuksel and Goeman (1992) also reported that Aphis
gossypii consumption by three instars of €. ¢arnea was 53.6,
174 .4, 724.4 and 6@.3, 88.6, 5@6.7 at 25 and 3@°C, respectively.
The - low Myzus persicse consumption may be due to low rearing
temperature and difference in species involved.

The number of ;phid and jassid nymphs and white fly adults
consumed by 1st instar larvse of C. carnes were 72.95, 40.85 and
33.15, respectively. Similarly, number of preys consﬁmed by 2nd
instar larvae of . garnea were 140.87, 8@.02 and 62.75 and by 3rd
instar larvae of C. cazarnes were 233.3@0, 163.32 and 153.70,

f

respectively.
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In =all the 3 instars, larvae consumed significantly more
number of A. gossypii followed A. bhisguttula biguttuls and B.
”Lﬁbﬁai- “

A single larva of €. carnes consumed 47 .83, 27.34 and 25.69
nymphs of aphid and Jjassid and white fly adults respectively
(Table 1@). 1t was observed that per day consumption was
significantly higher in case of A. gossypii. However, it was at
par in A. biguttula higuttula snd B. tabaci. El-Daksoury (1877)
reported that the sversge daily consumption by a single larva of
C. carnes was 9.8, 14.3 and 26.2 on eggs of Heliothis srmigera 1in

the three instars, respectively and that of lsrvae of H. armigera

was 11.8, 24.8 snd 92.3, respectively.

4.3 Preference of C. carnea larvae for different prey species

To study the preference of 2nd instar larvae of C. carnea, 30
nymphs of A. ggssypii, A. bignttulas biguttula snd adults of B.
tabaci esch and 1@ larvse of C. carnea were released on potted
plants of cotton. The data presented in the Table 11 revealed that
nymphs of aphids were significantly more preferred by C. carnea
1arvae followed by jassid nymphs and white fly adults as prey
species. C. carnea larvae consumed significantly more number of
aphid (27.9, 26 .3%) followed by jassid nymphs (12.3, . 13.2) and
whitefly adults (8.10, 7.20) after 6 hours in experiment I and II.

The preference for A. gossypll may be attributed to the fact
that nymphs of aphids were more sucecunlent and less mobile as |

compared to other two prey species.
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Table 11. Preference of C. carnea for different prey species

Prey species

Mean number of preys consumed®' out of 30 by
10 larvae of C. carnea after 6 hours

Experiment I Experiment 11

Aphis gossypii 27.90 26.30
{3:37) {5.22)

Amrasca biguttula 12.30 13.20
biguttula (3.64) (3.76)
Bemisia tabaci 8.10 7.20
(3.01) (2.86)
(0.16) (0.20)

Ch (p = 0.05)

* Each figure is a mean of 10 replications

Figures in parenthesis indicate square root transformation
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4.4. Toxicity of insecticides to different larval instars of
C. carnea when exposed to treated food (eggs of Corcyra

cephalonica

Ten insecticides viz. ecarbaryl 5@WP, chlorphyriphos 20EC,
cypermethin 1{@EC, dimethoate 38EC, endosulfan 35EC, ethion 5@EC,
fenitrothion 5@EC, imidacloprid 2@@5L, monocrotophos 3B5L and

phosphamidon 3531, recommended for the control of cotton pests were

tested against different larval instars of C. carnea for their

effect on larval mértality nnder laboratory conditions. The
insecticidal concentrations equivalent to those prescribed for
field spplication for the control of cotton pests were nsed to
treat the food (eggs of Corecvra cephalonica) of C. carnes larvae.
4 4.1 Toxicity to 1st instar larvae

The data presented in Table 12 reveal that insecticides
showed 3 wide range of toxicity to larvae of C. carnea. Larval
mortality incressed with each time intervals in all the
insecticides tested. After 48 hour of exposure, significantly low
mortality was observed in case of imidscloprid and esrbaryl (56.66
and B3.33%) followed by cypermethrin and dimethoate (70%Y which
was at par with carbaryl. Five insecticides namely ehtion,
phosphamidon, monocrotophos, endosulfan and chlorpyriphos recorded
significantly higher mortality (83.33 to 199%) and proved to be
highly toxic. Almost similar trend was observed in earlier
observations recorded at time interval of 12, 24 and 36 hours. The
ist instsr larvae surviving exposure to insecticides were found to

snccessfully complete metasmorphosis.
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4.4.2. Toxicity to 2nd instar larvae

The dats presented in Table 13 rev?als that larval mortality
increased with each time interval in all the insecticides tested
against C. carnes. After 48 hour of exposure, significantly low
mortality was observed in case of imidacloprid and cypermethrin
(53 .00 and 53.33%) followed by phosphamidon, carbaryl, dimethoate,
endosulfan (56.66 to 63.33%) which are at par with imidacloprid.
Fenitrothion and ethion recorded significantly higher mortality
(73.33 to B8@0.00%) snd proved to be highly toxic. However,
chlorpyriphos and monocrotophos proved to be moderately toxie
resulting in 66.66% larval mortality. Almost similar trend was
obseréed in earlier observations recorded at time interval of 12,
24 and 36 hours. The: 2nd instar 1lsrvae surviving exposure to
insecticides were found to snccessfully complete metamorphosis.
4.4.3. Toxicity to 3rd instar larvae

The data presented in Table 14 reveals that there was
successive increase in mortality with each time interval in all
the 1insecticides tested against C. c¢arnea. After 48 hours of
exposure, significantly low mortality was observed 1in case of
dimethoate (3B.66%), cypermethrin (48%), carbaryl and imidacloprid
(46 .68%) followed by chlorpyriphos snd phosphamidon (53.33%) which
were at par with cypermethrin. Endosulfan, fenitrcthién, ethion
and monocrotophos recorded significantly higher mortality (56.66
to BB.6B8%) snd proved to be highly toxic. Almost similar trend was
observed in earlier observsations recorded at time intervals of 12,

24 and 368 hours. Third instar 1larvae were comparatively more
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tolerant to insecticides as compared to 1st and 2nd instar. The
3rd instsr larvase surviving exposure to insecticides were also
found to successfully complete metamorphosis.

4.5. Toxicity of insecticide to different larval instarg of C.
carnea by direct spray on cotton plants

The same insecticides were tested against different instars
of C. carnes larvae for their effect on larval mortality under
laboratory conditions. The insecticides concentrations equivalent
to those prescribed for field application for the control of pests
were sprayed directly on cotton plants on which C. g¢arnes larvae
were released and observations on larval mortality were recorded
at different time intervals.

4.5.1. Toxicity to 1st instar larvae

The insecticide tested showed a wide range of toxiecity to C.
carnes larvae. The data presented in Table 15 reveal that larval
mortality increased with each Lime intervals in all the
insecticides tested against C. carnes. After 48 hour of exposure,
significantly low mortality was observed in case of cypermethrin
..and carbaryl (56.66+ and 63.33%) followed by imidacloprid and
dimethoate (70.00 and 73.33%) which was at par with carbaryl.
However, fenitrothion, ethion, monocrotophos, phosphamidon,
endosulfan and chlorpyriphos proved to be highly toxic.resulting
in 80.00 to 10@.00% mortslity. Almost similar trend was observed
in earlier observation recorded after 38 hour of exposure.
Cypermethrin proved significantly least toxic to C. carnea larvae

at all the time intervsls. However, it was at par with dimethoate,

2123y
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carbasryl, fenitrothion and ethion after 12 and 24 hours of
exposure. The 1st instar larvae surviving exposure to insecticides
“were found to successfully complete metamorphosis.

4.5.2. Toxicity to 2nd instar larvae

The data presented in Table 16 reveal that larval mortality
increased with each time interval in all the insecticides tested
sgainst C. carpes. Significantly low mortality was observed after
48 hour of exposure in case of dimethoate and cypermethrin (46.66
and 56.68%) followed by carbaryl (66.66%) which was at par with
cypermethrin. Chlorpyriphos, endosulfan, fenitrothion, ethion,
monocrotophos and phosphamidon recorded significantly higher
mortality (73.33 to 83.33%). Dimethoate showed significantly low
mortality st all the time intervals which was followed by carbaryl
and cypermethrin. The 2nd instar larvae gnrviving exposure to
insecticides were found to successfully complete metamorphosis.
The larval mortality was comparatively low in case of 2Znd instar
larvae as compared to 1lst instsr.
4.5.3. Toxicity to 3rd instar larvae

The different insecticides tested showed =2 wide range of
toxicity to . carnes larvae. The larval mortality increased with
each time interval in all the inseecticides tested against C.
carnea. After 48 hour of exposure, significantly low morfality was
observed in case of dimethoate, imidacloprid and cypermethrin
(33.33 to 43.33%) followed by carbaryl (46.86%) which was at par
with imidacloprid and cypermethrin (Table 17). Endosulfan,

fenitrothion, ethion recorded significantly higher mortality
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(79 .98 to 73.33%) =and prove to be highly toxic. However,
phosphamidon, monocrotophos and chlorpyriphos proved to be
moderately toxic resulting in 53.33 to B83.33% larval mortality.
Similar trend in larval mortality was observed after 12, 24 and 36
honr of exposure. The 3rd instar larvae were comparatively more
tolerant to insecticides as compared to previous two instars as
the larval mortality was considerably low in this case. The 3rd
instar larvae surviving exposure to insecticides were found to
successfully complete metamorphosis.

Cypermethrin 1@EC, dimethoate 30EC, carbaryl 5@WP and
imidacloprid 2@PSL were found to be least toxic to different
instars of €. carnesa larvae, in both experiments 1i.e. exposure to
trested food and by direct spray on cotton plants. Endosulfan,
chlo;pyriphos, monocrotophos, fenitrothion and phosphamidon proved
highly toxie to different instars of C. carnes larvae. However,
“ the 3rd instar larvae were comparatively more tolerant to
insecticides as compared to previous two instars of (. carnesa.

The present findings are similar to the earlier reports where
residues of dimethoate after 24 hours of exposure were not
spprecisbly toxic to the larvae of C. csrnes bat phosphamidon and
endosnlfan were highly toxic to the larvae of . carpea (Bartlett,
1964). Plapp and Bull (1978) have also reported that cafbaryl have
a low toxicity to larvae of C. carnea. The present studies also
corroborates the earlier findings of Singh and Varma (1984) who
reported that endosulfan, monocrotophos and fenitrothion were
highly toxic to larvae of C. c¢arpes. Kismir and Sengonca (19808)

slso reported thaet wmonocrotophos csused heavy larval mortality
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(upto 84%) of C. carnes. The present findings are also in line
with earlier workers who reported that pyrethroids have marked low

toxicity against C. carnea larvae (Plapp and Bull, 1978; Niemcyyk

sl., 1879 and Raiskulendran and Plapp, 1982). The high

2

tolerance %o pyrethroids may bhe attributed to the higher

hydrolysing activity of estrasses (enzyme) present in the larvae of

C. carnea. This enzyme has unique specificity for hydrolysing
cis-permethrin and cypermethrin 2-3 times 8s fast as the

corresponding trans-isomers (Ishaaya and Casids, 1981).



CHAPTER V

SUMMARY AND CONCLUSIONS

The studies on development and predation efficacy of

Chrysoperla carnea (Stephens) and effect of 1insecticidal

application on larval mortality were carried out in the
biological control laboratory of the Department of Entomology as
well as at the Entomological Research Farm, PAU, Ludhiana during
1995-96.

The development of C. carnea larvae was studied on nymphs of

Aphis gossypii (Glover), Amrasca biguttula biguttula (Ishida) and

adults of Bemisia tabaci (Gennadius) under laboratory conditions

at mean minimum and maximum temperature of 21.23 and 26.72°C,
respectively.. The mean larval period of C. carnea on nymphs of
aphid, jassid and white fly adults was 9.47, 10.40 and 9.77 days,
respectively. The duration of 1st, 2nd and 3rd larval instars of
C. carnea were found to be 3.46, 2.68, 3.30 and 3.70, 2.80, 3.90

days on nymphs of A. gossypii and A. biguttula biguttula, whereas

it was 3.42, 2.70 and 3.65 days, respectively, when adults of B.

tabaci were provided as host.

The mean pupal period was 8.67, 7.62 and 7.67 days, when C.
carnea was reared on nymphs of A. ossypii, A. biguttula
biguttula and adults of B. tabaci. The pupal development was
significantly faster on jassid and white fly as compared to
aphid., .

The total larval and pupal period was 18.13, 18.03 and 17.45

days when nymphs of A. ossypii, A. biguttula biguttula and

v

adults of B. tabaci were provided as prey species. The larval
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development was comparatively faster on A. gossypii followed by

B. tabaci and A. biguttula biguttula. However, total larval plus
pupal period was shorter on B. tabaci followed by A. biguttula
biguttula and A. gossypii.

The average number of aphid and jassid nymphs and white fly
adults consumed by C. carnea larvae during its development were
447.00. 284.25 and 250.40. The number of aphid and jassid nymphs
consumed by 1st, 2nd and 3rd instar larvae of C. carnea were
72.95. 140.67, 233.30 and 40.65, 80.02, 163.32, respectively. The
corresponding consumption of white fly adults by 3 larval instars
of C. cdrnea was 33.15, 62.75 and 153.70. The studies on the
consumption of different prey species by three larval instars of
C. carnea showed that 3rd instar larvae consumed maximum number
of preys. It was also observed that every successive instar
consumed more preys than previous one. The number of preys
consumed by 3rd instar larvae was more than the combined
consumption of first two larval instars in all the prey species.

In all the three instars, the larvae consumed significantly
more number of aphid nymphs followed by jassid nymphs and
significantly lower number of white fly adults. The 3rd instar
larvae consumed maximum number of A. gossypii (233.30) followed

by A. biguttula biguttula (163.32) and B. tabaci (153.70).

Per day consumption of aphid and jassid nymphs and white fly
adults by C. carnea larvae were 47.03, 27.34 and 25.69,

respectively. Per day consumption was significantly higher in
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case of aphid followed by jassid and white fly.

The 2nd instar larvae of C. carnea preferred cotton sphid
followed by Jassid and white Ffly adults as it consumed
significantly more number of aphid nymphs as compared to other
two prey species.

Cypermethrin, dimethoste, carbaryl and imidscloprid were
found to be comparatively less toxie to all instars of C. carnea
when exposed to trested host i.e. eggs of Corcyra cephalonica as
well as by direct spray on coktton plants. Endosulfan,
chlorpyriphos, monocrotophos, phosphamidon, ethion and
fenitrothion were highly toxic to different instars of C. carnea.
The 3rd instar larvae were comparatively more tolersnt to
insecticides s8s compared to 1st and 2nd instar larvae of C.
carnea.

a3 5 QﬁIﬂﬁﬁ_COUld\be reared snecessfully on A. gossypii, A.
biguttulsa biguttula and B. tabaci but A. gossypii was more
suitable prey species. C. carnes has higher feeding potential on

A. dossypii followed by A. biguttula biguttula and B. Labaci. A.

gossypii was most preferred smong the three prey species.
Cypermethrin 1@EC, imidacloprid 20@SL, . . carbaryl 5@WP and

dimethoate 3@EC were found less toxic to all instars of £

carnea..

22314
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