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CHAPTER -]
INTRODUCTION

The disaster phase of pesticide use initiated, in India, with
simultaneous launching of biological control. Bio-agents will be key
tool of IPM 1 twentv first centun  The researches so far done
regarding bio-control have proved that most of the major pests of
important agronomical and horticultural crops would be suppressed by
bio-agents (Khaire er al.. 1998).  Regarding natural control, the
entomophages occuring in nature bring near about 60 per cent of the
natural control of pest. provided. thev are not destroved by the use of
chemicals (Pun «t al.. 1998).

Micalvbug is a sucking pest and has become a serous
problem of hor 1:ultural crops. Occasionally, 1t causes havoc 1n citrus.
grape, custard apple, guava, mango, mulbern gardens and omamentals,
like hibiscus. It affects their most cherished and highlv pniced vields
throughout the ropical and subtropical regions of the world. In India. 1t
is of regular occurence in states like Maharashtra, Andhra Pradesh,
Karnataka, Punjab etc.

In recent vears, the fruits and flowers have a great demand
in foreign market. For achieving the international qualitative and
quantitative standards. the fruit production from the orchards should be
free from pests : nd pesticide residues. Among such pests. mealybugs
assured status 5. major pest (Avvar. 1938) Mealvbugs infest leaves,
shoots, buds and also gets conglomerated at the stalk end.  As a result,

the affected plaitt parts get deformed in shape and reduced in size



So far, various chemical pesticides have been attempted
for the control of mealvbugs either singly or in combinations but did not
give the desired control of the pest (Anonvmus, 1995}  The reason is
that only those mealvbugs are controlled which are exposed on the
shoots, while i ose sheltering in the crevices of the bark, escape and
re-establish their population quicklv (Manjunath, 1985) Rao and David
(1958) stated that. because of presence of waxy coating over the body of
mealvbugs, it 1s difficult to control them bv insecticides Even when
effective chemicals are available, the usually extensive host range of the
pest afford them facilities for taking shelter on wild hosts while such
measures are instituted and reinfesting the field latter Hence, 1t 1s
essential to integrate biological and chemical control strategies In the
changing scenano of pest management, there 1s need to exploit the
bio-agents as the foremost component of IPM for efficient control of
mealvbugs.

The .\ustralian lady bird beetle Crvprolaemus montrouzier:
Mulsant  (Coleoptera : Coccinellidae) 1s a general predator of a wide
range of mealvbugs. at all stages of development. It 1s commoni\
referred as mealvbug destrover. It has been emploved as the possible
solution for combating the menace of the pest, around the world. 1t s
native of Australia and was introduced 1n India in 1898 1n an attempt to
control the coffee green scale bv H.O. Newport (Mavne, 1953) Though
the predator did not establish on green scale. it was responsible to check
mealvbugs in coffee growing zones (Chacko e¢r al, 1978 The

biological suppr ::sion of mealvbugs through this potent predator in
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India was well documented (Rao er a/.. 1971, Babu and Azam. 1989,
Mani er al,, 1995). In the other countnies. C. montrouzier: had proved
effective as it is evident from the studv of Smith and Armitage (1931)
who succeeded in keeping under check the destructve mealvbugs in
California by large scale multiplication of the beetles

Trough the predator is now well established in South
India. there 1s no proper informaton available on successful
multiplication and establishment of C. montrouzier: under agroclimatic
conditions of Marathwada region of Maharashtra. Hence to use the
predator successfully' against mealvbugs. studies on biology, habits,
feeding potennal and susceptibilin  to some insecticides of
C. montrouzieri under agroclimatic condition of Marathwada region. the
present studies were taken up.

The life history, fecundity, longevity and feeding potential
of C. montrouzierr were studied on  grapevine  mealvbug
Maconellicoccus hirsurus 1.aboratory' experiment was also conducted
to find out sa'¢ insecticides to the predator The results of these

investigations are presented in this dissertation.

Pl
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CHAPTER - 11
REVIEW OF LITERATURE

Ar1ng the pests of fruit crops and ornamentals, mealybug
posed serious threat. A predator Cryprolaemus montrouzierr M. has
been tried successfullyv against this pest. For taking accurate decisions
on control of the pest using C. montrouzieri, it's detaled studv have
been done by several workers in India and abroad The available
literature pertinent to the present studies i1s reviewed in the following
pages.
2.1 Bi».ogy and habits of C. montrouzieri

Biology and habits of the coccinellid predator has been
studied earlier 5. several workers (Van der Goot 1920; Hall 1926,
Bishop 1931, Rao and Dawid 1958; Fisher 1963, Liotta and Mineo 1965,
Mineo 1967, Bhat er al.. 1981).
2.1.1 Pre-mating period

Rao and David (1958). described pre-mating penod ranged
between 8 to 11 davs. Liotta and Mineo (1965) noticed the pre-matng
period of 1 to 2 davs, while it was observed as 3 to 4 davs at temperature
of 25°C bv Mineo (1967), Bhat er o/ (1981) could record pre-mating
period 6.2 davs while Mani (1986) studied biology of C. montrouzier:
and he found pr:-mating period between 5 to 17 days.
2.1.2 Mating period

Bhiet er al.. {1981) reported the mating penod between 30
to 40 minutes and further observed the copulation up to age of 58" davs

of female.



2.1.3 Pre-oviposition period

According to Rao and David (1958), the pre-oviposition
period ranged between 9 to 135 davs. Bhat er a/, (1981) observed it as
14 to 15 davs.

Gokuldas Kumar and Vijavalaxmi (1986) recorded
pre-ovipositior jeriod as 6.0 to 7.8 davs while Babu and Azam (1987a)
found it to be 9.6 davs at temperature of 20°C.

2.14 Qwvipesition period

Owviposition of C. montrouzieri was reported to extend up
to 93 davs in one case with an average of 75 davs (Rao and David,
1958). However, the oviposition period reported by Bhat er a/.. (1081}
and Mani (1986) was 47.91 and 42.50. respectively.

Marlin er al.. (1996) studied the ovipositional behaviour of
C. montrouzieri under laboratory conditions. The results showed that
the females delav oviposition and \;1'thheld mature eggs in their lateral
oviducts in absence of wax filament produced by the prev.

2.1.5 Ir cubation period and hatching percentage

Hall (1926) reported the incubation period of 3 to 4 davs
while Bishop (1¢31), reported it for 8 to 10 davs. Rao and David (1958)
observed incubation period in the range of 2-4 davs while studding the
biology of C. montrouzieri. Mam (1986) reported it for 4 to 5 days.

According to Babu and Azam, (1987a) higher temperature
shortened the incubation period and it was 52 per cent longer at 20°C

(6.2 davs) than at 30°C (3.0 davs)



e egg viability in C. montrouzier: reported by Mineo
(1967) was 97 per cent while Bhat er a/.. (1981) found it to be 100 per
cent.

2.1.6 Grub development

Van der Goot (1920) studied the biology of
C. montrouziert in Jawa and indicated that the larval period ranged from
13 to 23 days with an average of 20 davs.

According to Bishop (1931) the grub development was
completed within 8 to 10 davs. Rao and Dawvid (1958) suggested that the
temperature range of 75 to 85°F was favourable for reanng
C. montrouzieri and they noted the developmental period for grubs as 14
to 16 days.

The studies made by Liotta and Mineo (1965), Bhat er a/ .
(1981). on biology of C. montrouzierr when reared on A/ hirsutus.
revealed that the grub completed development within 14 to 17 and 18 to
21 dayvs, respectively.

The grub of the predator have four instars in their life and
the duration of first, second, third and fourth instars were found to be 3
to 4,4, 4to 5 and 7 to 8 days, respectively as reported by Bhat er al..
(1981).

Ma1i (1986) indicated that the total grub development was
completed in 13 to 16 davs.

B:tu and Azam (1987a) studied the effect of temperature
on development of grubs of C montrouzierr and they reported that the

duration of each instar was 2.7, 3.5, 4.1 and 3.5 days at temperature of



30°C and 6.2, 7.0, 135 and 17.7 dayvs at temperature of 20°C,
respectively.

The duration of each instar was reported as 8.90,
405, 525 and 9.45 dayvs, respectivelyy and grub completed
development in 27.20 davs when fed on eggs of mango mealy bugs
(Rastrococcus icervoides) (Anonvmous, 1994).
2.1.7 Pre-pupal period

The results of the biology studies conducted by Bhat er
al.. (1981), Murthy and Naravana (1986a) revealed the pre-pupal period
of 3 to 4 davs and 1 to 2 days, respectively.
2.1.8 Pupal period

The studies were made on biology of C. montrouzier: by
Van der Goot (1920), Hall (1926), Bishop (1931), Rao and Dawid
(1958), Liotta and Mineo (1%5)) Bhat er a/.. (1981). and Mani (1986)
They reported that pupal period of C. montrouzier: was ranged from 6 to
9,619, 141020,7t08,61t013,7to8and 710 9 day's. respectively.

Babu and Azam (1987a) reported 1t to be 6.2 and 143
days at constant temperatures of 30°C and 20°C, respectively.
2.1.9 Total development period

According to Van der Goot (1920), Hall (1926); Bishiop
(1931); Rao and David (1958), the development of C. montrouzier: from
egg to adult emergence was completed in 22 to 35, 21 to 35, 32 to 36
and 24 to 28 day s, respectively.

Fisher (1963) attempted mass  multiplication of

C. montrouzieri and found that the development from egg to adult was



completed in 43 to 47 dayvs at 70°F and 28 to 29 dayvs at 80°F and 60 per
cent relative humidity.

Liotta and Mineo (1965) and Bhat er a/.. (1981) reported
that. the development was completed within 22 to 27 and 33 to 39 days,
respectively.

Babu and Azam (1987a) observed that. when the predator
was subjected to controlled conditions of temperature. there was
extension in life cvcle (65.1 davs) at lower temperature of 20°C than
higher temperature of 30°C (25.2 days).

Srintvasan (1994) attempted the mass multiplication of
C. montrouzieri and found that the development from egg to adult was
completed in about 30 davs.

2.1.10 Fecundity

Studies conducted by Vander Goot (1920), Rao and Dawvid
(1958), Fisher (1963), Liotta and Mineo (1965) and Mineo (1967),
indicated that. tke fecundity was 64 to 176, 207, 194 to 729, 90 to 100
and 60 to 120 eg3s, respectively.

Bhat er al.. (1981) noted fecundity in the range of 85 to
336 eggs with 11 average of 164.1, when the females reared on mealy
bugs plus honey agar while 66 to 367 eggs with an average of 2292
when reared on 1ealyv bugs only.

Gokuldas Kumar and Vijavalaxmi (1986) observed that
the mean total fecundity of the beetle was significantly high when
P. citri was the prev. It was ranged from 864 to 1235 with an average of

1062.6.



Shirke and Salunkhe (1996). reported that. fecunditv of
C. montrouzieri were greater when fed on A/ hirsutus alone than
when honev agar was added to it.
2.1.11 Adult longevity

Rao and David (1958) indicated that males survived for
52.5 dayvs and reached maximum of 65 davs while female sunvived for
80.2 davs with a maximum of 105 davs. where as Liotta and Mineo
(1965) reported the adult longevity of 60 davs for both male and female.

According to Bhat er al.. (1981),males lived for 61 to 97
days with an average of 75.3 and female lived for 61 to 92 davs with an
average 67.9 davs. when thev were reared on grapevine mealy bugs
only.

Babu and Azam (1987a) studied effect of temperature on
C. montrouzier: and concluded that the adult longevity' of the predator
was to be maximal when maintained at 20°C. The longevity appeared to
have been drastically retarded at both the extreme temperatures of 10°C
and 40°C. however the higher temperature proved to be more
detrimental. Further it was concluded that the longevity of female
appeared to be slightlv more than that of male irrespective of the

temperature.

Shirke and Salunkhe (1996) reported that the longevity of
C. montrouzieri was greater when reared on Maconellicoccus hirsutus

alone.



2.1.12 Sex ratio

Mineo (1967), Bhat er a/. (1981) and Mani (1986)
conducted studies on biology of C. monmrouzier: and reported the sex
ratio of male to female as 1:3. 1:1 and 1:0.96, respectively.

2.2 Feeding potential of Cryprolaemus montrouzieri

Whitecomb (1940) under took studies on Biological
control of mealybugs with C. montrouzier: in green houses. He reported
that on an average C. montrouzier: grub ate about 1325 eggs of P. cur.
equivalent of three to four egg masses, during its life cycle.

Mineo (1967) reported that each grub consumed 1450 eggs
of 650 first instar nvmphs. Each adult consumed 220 eggs.

According to Oncuer and Bayhan (1982), an individual
fourth instar grub consumed on an average 3330.6 eggs of P. citrr in
Turki. Murthy (1682) reported that a single fourth instar grub consumed
188.2 eggs of M. hirsutus or 157.0 eggs of P. cirr.

Murthy and Naravana (1986b) studied the feeding
behaviour of C. montrouzieri and stated that both grubs and adults feed
extensively on all stages of mealyvbugs and also on the eggs and crowlers
of some scale insects ,however, grubs were found more voracious
feeders. They further observed that. the mean number of eggs consumed
by each instar grubs (first to fourth) was progressively high. According
to Mani and Thontadarva (1987) a single grub consumed on an average
881.30 eggs. 239 nvmphs or 27.5 adult females of M. hirsuns.

The results of the studies made on feeding potential of

C. montrouzieri “rvealed that a grub of predatory beetle consumed 100.5
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nymphs of F. virgara in 17.3 dave while the grub ate 3766 eggs of
Chloropulvinaria psidii during its developmental period of 17.60 davs.
(Anonymous, 1988).

Babw: and Azam (1988) studied predatorv potential of
C. montrouzier: and found that the first. second. third and fourth instar
grubs of C. mortrouzierr consumed daily 18.6, 49.5, 142.0 and 188.6
eggs or 6.9, 42.1, 140.1 and 354.7 nymphs. respectively of A/ hirsurus
at 25°C . The female adult consumed more eggs (305 1) and crowlers
(181.7) of M. hirs.tus daily. than that of the male (258.3 eggs and 16590
crowlers).

Javaraman er al.. (1988) reported that the rate of predation
of C. montrouzieri on the bio-stages of A/ hirsutus and P. citr1 was in
the order of eggs > nvmphs > adult. Further thev concluded that the
female consumed more bio-stages dunng their life span than the males

It was reported that, the number of mealvbug eggs
consumed by the first. second. third and fourth instar grubs of
C. montrouzier: averaged 7, 14.80, 138 45 and 19010, respectively. It
was also studi:d that a single predatorn grub consumed 497 75
mealvbug nvmphs of 10 to 15 days old during the development. The
fourth instar grub was found more voracious feeder than the earlier
instar grubs. The male predator consumed comparatively less number of
mealvbug eggs than the female predator { Anonvmous. 1994)

2.3 Susceptibility of C. montrouzieri to some insecticides

Bartlett {1963) tested 61 pesticides in the laboraton The

results showed that the insecticides viz. aldrin. demeton. heptachlor and
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kelthane had low toxicitv to the C montrouzierr  BHC and
phosphamidon :.howed medium toxicity. while endosulfan. malathion
and carbaryvl had high toxicity.

#i.cording to Chacko er al.. (1979). malathion. quinalphos.
fenitrothion and methyl parathion resulted heavv mortality in adult
predators. Sekeroglu and Vygun (1980) observed monocrotophos as
highly toxic to C. montrouzieri and caused cent per cent mortality within
20 hours after application.

Sreedharan and Chacko (1982) reported that the svnthetic
pyrethroids viz. permethrin (as ambush. corsair and permasect) and
fenvalerate had highly toxic residual effect on adult of C. montroucieri
and caused mortality within a week.

F¢sidual toxicity of malathion 0.05 per cent. quinalphos
0.015 per cent. fenthion 0.04 per cent and methyvl parathion 0.03 per
cent was testec by Samuel er al.. (1983). Thev concluded that all
compounds were toxic to the larvae. Further Morse and Bellows (1986)
recorded the toxicities of insecticides to C. montrouzieri in the order of
carbarvl > acephate > parathion > methidathion.

Babu and Azam (1987b) found that dichlorvos was the
safest insecticide which showed 20 per cent mortality within 24 hours.

Mani and Thontadarva (1988) examined the effect of
sixteen selected insecticides on second instar grubs and adult of
C. montrouzieri. Among them. dichlorvos (0.20 %). chlorpyriphos (0.05
%) and fish oi -osin soap (4 g/ litre) were found to be safe to grubs and

adults. While monocrotophos (0.08 %) dimethoate (0.06 %)

12
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oxvdemeton methyl. diazinon (0.05 %). methyl parathion (0. 10 %) and
phosalone (0.07 %) caused 95 to 100 per cent mortalitv of grubs and 83
to 100 per cent mortality of adults.

Snnivasan and Sundara Babu (1989) observed toxicity of
different insecticides to C. montrouzier: preving on M. hirsutus.  They
found that the order of relative toxicity as per persistent toxicity (PT)
value was monoprotophos > methvl parathion > malathion > dimethoate
> quinolphos > aichlorvos > bordeaux mixture > fish o1l rosin soap

According to Satvanaravana and Murthy (1991)
chlorpvriphos 0.05 per cent and endosulfan 0.07 per cent. were toxic to
eggs. grubs and adults of C. montrouzier: but safe to pupae. Dicofol
0.05 per cent and dichlorvos 0.1 per cent were toxic to eggs. all stages of
grubs and adults. where as theyv were safe to fourth instar grub and pupa.
However. monocrotophos 0.05 per cent and quinalphos 0.05 per cent
were highly toxic to all the stages of the beetle.

Shirke (1991) reported that chlorpyvniphos 0.03 per cent
and dichlorvos (.2 per cent were much safer to C. montrouzierr The LT
50 value of endosulfan 0.07 per cent and methyvl parathion (.08 per cent
were less than 21e week.

Yigit er al. (1992) observed that methidathion was
harmful to grubs of C. montrouzierr and methidathion and fluvalinate
were harmful to adults.

Yamruktepe and Uvgun (1994) found that oxvdemeton
methvl was highly toxic to grubs and adults of ¢ montrouzierr while

phosalone was moderately toxic and pinmicarb and savona (fatty acid)

—
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were non toxic. Mani er al.. (1997) reported that. adult longevity' of
both the sexes and also the progeny production of C. montrouzier: was
not adverselv affected when treated with dichlorvos (0.10 per cent).
chlorpvrifos (0.05 per cent) and dicofol (0.05 per cent).

Regupathy er al.. (2000) evaluated new pesticides against
C. montrouzier: and reported that the order of toxicity to the predator
was ebuphos > endosulfan > dimethazone > hexaconazole >

isoprothiolane > sethoxvdim.
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CHAPTER - 111
MATERIALS AND METHODS

The studies on biology of Criprolaemus montrouzier:
Mulsant and its susceptibility to some insecticides were carried out
using grapevine mealvbug Maconellicoccus hirsutus Green as a host.
The nucleus culture of C. montrouzieri and M. hirsutus was obtained
from bio-control Laboratory of Insect Parasitology: Scheme. The present
investigations were undertaken in the Insect Parasitology Laboratony' of
Department of Agril. Entomology. College of Agriculture. Parbhani.
during year 2000-2001. keeping in view the main objectives like
1. Studies on biology and habits of C. montrouzieri Muls.

2, Studies on feeding potential of the predator.
3. To find o1t its susceptibility to some insecticides.

The different techniques adopted in the maintainance of
mass culture o the host and the predator. as well as other techniques
tried during course of studies have been described here under.

3.1 Laboratory multiplication of mealybugs,

Maconellicoccus hirsutus Green.

The grapevine mealvbug V. hirsutus Green was used as
host material throughout the studv. The mass production of mealybugs
was done on medium size ripened red pumpkins under laboratory
conditions at 25 + 5°C temperature and 75 + 5 per cent R.H. as

suggested by Chacko er al.. (1978) and Singh (1978).



3.1.1 Rearing of mealybugs-on red pumpkins

Just npened red pumpkins (Cucurbita maxima Duch.) with
ndges and grooves and bearing a small stalk were selected for easv
handling. They were cleared with water to remove dust on them. In
order to prevent rotting. the pumpkins were treated with 0.1 per cent
carbondazim sclution (1 gm per litre of water). Wounds. if any. on the
pumpkins were plugged with paraffin wax. The egg sacs of mealvbugs
from which the eggs have just started hatching. were placed on
pumpkins. The inoculation was done at regular intervals to ensure
regular supplyv of all the stages of mealvbugs throughout the study
peniod. The inoculated pumpkins were kept in wooden cages (30 x 30 x
33 cm) with sliding glass front and cloths on either sides as suggested by
Padmaja et al.. (1995). Care was taken to close all cracks and crevices
with wax to prevent escape of early instars. Fully matured mealvbugs
developed within 30 to 40 davs (Plate 1).
3.2 Mass rearing of the predator C. montrouzieri Muls.

Th: method adopted bv Chacko et al.. (1978) and Singh
(1978) was followed for rearing the predator after sufficient
development 0" mealvbugs on pumpkins. Criprolaemus pairs were
released into the cage. The beetles besides feeding on the mealybugs.
laid their eggs singly or in groups inside the egg sacs of mealybugs.
Fully grown grubs pupated on pumpkins or anywhere inside the
breeding cage. The first beetle emerged within 30 days from the date of

exposure of mealvbugs to the beetles. The emerging adults were
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collected and used further for multiplication or different laboratorv
studies (Plate 2).
3.3 Biology of Cryprolaemus montrouzieri

The mass culture of C. montrouzierr maintained in
laboratory' was utilized to studyv the following aspects of its bionomics.
3.3.1 Pre- mating period

A newly emerged male and female pair was confined in to
a transparent plastic container (9 to 11 cm) closed with muslhin cloth for
easv movement >f beetles. Ten such containers containing newly
emerged pairs of C. montrouzierr were kept under observation The
pre-mating pericC i.e. the penod from the emergence of the female upto
its first mating was recorded and average of such ten females was
worked out. All the pairs were fed with eggs of mealvbugs.
3.3.2 Mating period

The same pairs used for observation on pre-mating were
further used for observations of mating duration. The duration of mating
was counted in minutes for three random matings in each pair. From this
an average perioc of mating was calculated.
3.3.3 Pre-oviposition period

All the ten pairs confined in containers for studing
pre-mating and mating peniods were used for recording the observatons
on pre-ovipositian penod ie. the period from female adult emergence to

first egg laving.
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3.3.4 O v position period

The period between first cgg laving upto the last egg
laving i.e. period during which female laid eggs was recorded for the ten
females and the average was worked out. The beetles were provided
with enough quantity of prev eggs during the studies.
3.3.85 Incubation period and hatching percentage

Ten eggs laid by each of the ten females were transferred
to ten petniplates (10 x 2 cm) separatelv. using moist camel hair brush.
Grub emergence was recorded from those ten petriplates. The average
incubation peric:d and hatching percentage were worked out.
3.3.6 Grub development

The grubs hatched from each of the petriplate containing
ten eggs. kept for earlier observations were transferred separately to ten
such petriplates with a moist camel hair brush. The grubs were
provided daily with fresh eggs of grapevine mealvbugs. These grubs
were observed dailv for exuvae of the grubs. from this. duration of larval
instar was noted in davs. Four such instars were noted and duration of
each instar was recorded. Average of duration of each instar and total
larval period was worked out.
3.3.7 Pre- pupal period

The period during which grub cease feeding till 1t gets
fixed. is considered as pre-pupal penod. In this way ten grubs were
observed for ‘te pre-pupal penod. which were observed for larval

development. The data thus obtained was averaged.
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3.3.8 Pupal period

The same ten grubs which were about to pupate were kept
under observations for calculating duration of pupal period. Each grub
was observed till adult emergence and then average was worked out
3.3.9 Total development period

Total development period from egg laving till adult
emergence was computed bv combining the data obtained from the
observations of incubation penod upto the pupal pernod and 1s presented.
3.3.10 Fecundity

To study fecundityv. ten pairs of the beetles which were
previously used for the studv i.e. pre-mating. mating. pre-oviposition
and oviposition period. were observed and number of eggs laid were
recorded daily. The total number of eggs laid by each female in 1ts hfe
time were recorded. During this period. the pairs were supplied with
sufficient quantity of mealvbug egg sacs. From the data obtained.
average fecundity was calculated.
3.3.11 Adult longevity

Ten pairs of newly emerged adults were used for the
study. The longevity of male and female adult tn each pair was recorded
and average of such ten individuals was worked out.
3.3.12 Sex ratio

Adults emerged from  the mother culture of
C. monrrouzier maintained on mealvbugs. were sexed and sex rato was

worked out by observing 600 emerged beetles. The sex was judged by



observing the differentiation in first pair of legs 1.e. female has black and

male has orange coloured legs. (Babu and Azam. 1987a)

3.4 Studies on feeding potential of C. montrouzieri to
vurious bio-stages of mealvbugs (M. hirsutus)

In order to determine the feeding potential of both the
stages of the pradator. known number of eggs. nvmphs and adults of
mealvbugs were supplied separately as well as in combinations. For this
test. newly hatched grubs and emerged adults of C. montrouzier: were
taken. Petriplates (10 x 2 ¢cm) were used for grubs while the adults were
confined to transparent plastic container (9 x 11 cm) with muslin cloth.
Male and female were studied separately.

Observations were recorded at an interval of 24 hours on
number of prevs consumed by the grubs and adults. It was computed by
substracting the number of mealvbug bio-stages left out. from total
number of bio-stages provided. Fresh prevs were supplied dailv to the
grubs and adults until the grubs pupated and the adults died. The total
number of bio-stages consumed by different larval instars as well as by
male and female and also. the total development period of grub and
longevity of adults were recorded. The data was subjected to statishcal
analvsis.

3.5 Susceptibility of C. montrouzieri to some insecticides

The susceptibilitv of both grubs and adults to the
insecticides recommended for control of pests in general and mealvbugs
in perticular was tested in insect parasitology laboratory by using

method described bv Manmi and Thontadarva (1988). For this. two
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concentrations (below recommended and recommended ) of each test
insecticides wer: used. The quantity of test insecticide was worked out

by using the formula

quantity of Desired strength Quantity of sprax
insecticidal = --- - -- x matenal required
formulation Percentage of insecticide (500 ml)
required in formulation

Exact required quantitv of insecticide was dissolved in
distilled water. Fresh sprav solution was prepared as and when required.
Healthv and broad leaves of hibiscus were taken and cleaned with
distilled water and shade dried.

Three such leaves of hibiscus were dipped in each
concentration nf a insecticide for one minute. These ieaves were then
air dried in shade for removal of excess moisture. To maintain turgidity
in treated leaves. their stalks were swabbed with wet cotton  Each leaf
was then taken in separate petniplates (10 x 2 ¢m) and as such three
treated leaves from each concentration of insecticide were used for
exposure of C montrouzier;. Then. ten adults as well as ten second
instar grubs were released in each petniplate. with the help of moust
camel hair brush. An untreated control was maintained by dipping the
leaves in distilled water.

Observations 01.1 mortahty of adults as well as grubs were
recorded 72 hours after treatment. Durning the entire experiment grubs

and adults were provided dailv with sufficient quantity of prev matenal.

particularly egg sacs of mealvbugs.



The average percentage mortality of grubs and adults were

worked out for each treatment and the data were subjected to statistical

analysis. by using factorial Randomised Block Design.

The insecticides used. procured from Department of Agnl.

Entomology. were

Below recommended Recommended

1. Malathion (50 EC) ; 0.05 %
2. Quinalphos (25 EC) 0 0.025%
3. Endosulfan (35 EC) : 0.03 %

4. Methyl demeton (25EC) :© 0015 %
5. Dimethoate (30 EC) - 0.03%
6. Spinosad (48 SC) . 0.0125%

&
[E9]

0.10 %
0.05 %
0.06 %
0.03 %
0.06 %

0.025 %






CHAPTER - IV
RESULTS

Tke investigaions were made on biology. feeding
potential and susceptibility of Cryptolaemus montrouzierr 1o some
insecticides. The nucleus culture of C. montrouzieri and \. hirrsutus.
maintained in laboratory were utilized throughout entire studv. The
insecticides recommended for control of pests in general and mealvbugs
in perticular were tested The observations were recorded under
laboratory conditions. The outcome of the study is set forth in this
chapter.
4.1 Rislogy of Cryprolaemus montrouzieri

Stadies on biology of the predator were conducted in the
bio-control laboratorv of Insect parasitology scheme of department of
Entomology at yoom temperature. For studving various aspects of
biology. the culture of C. montrouzierr was procured from nucleus
culture maintained in the laboratory (Plate 3).
4.1.1 Pre-mating period

The figures presented in Table 1| revealed that the
pre-mating penod. observed in all the ten pairs confined separatels.
ranged between 3 to 10 davs. The average pre-mating perniod was
6.0 davs.
4.1.2 Mating period

“he pairs of C montrouzierr used for pre-mating study
were further observed for studv of mating duration as well as for mating

behavior. It “was noted that. mating occurred throughout life time of



Table 1. Life history of C. montrourieri : Premating, mating,
preoviposition and ovipesition period

Periof | Pre mating Mating Pre ovposition | Oviposition

No. period period period period
(days) (minutes) (days) (days)

1 6 5.14.29 8 57

2 4 9.17.20 3 58

3 4 15.25.28 6 76

4 4 9.20.33 6 67

) 9 5.17.29 10 79

6 3 5011021 4 84

7 '-IO 17.25.30 10 52

8 7 5.25.18 8 80

9 8 7.20.22 9 66

10 5 8. 5.30 7 75
Range 3-10 5-33 1-10 52-84
Average 6.00 17.8 7.30 69 4




both the sexes. The duration of mating ranged between 5 and 33 minutes
(Table 1). On &n average mating was lasted for 17.8 minutes. It was
also noted that while mating the pair did not respond to any slight
disturbance.

4.1.3 Pre-oviposition period

The beetles copulate 53 to 10 davs after emergence and
oviposition was commenced a dav or two later. Thus. the
pre-oviposition period ranged between 4 to 10 davs with an average of
7.30 days (Tabie 1).

4.1.4 Oviposition period

The data presented in  Table 1 on egg laving period
revealed that the total owviposition period. in one case. extended
maximum up tc 84 davs. however. it was averaged for 69.4 davs. It was
also observed that the female oviposited in the evening hours and
continued till early in the moming. Rearelv theyv were found to lav eggs
during day time.

The predacious females preferred egg sacs of mealvbugs
for oviposition. Capsule shaped eggs were found inserted inside the egg
sac. either singly or in groups. As many as nine eggs of Criprolaemus
were found in a eggsac of mealvbug. It was also observed that. in the
absence of egg sacs the eggs were found to be laid even on the surface
of the containe:. Venv fresh eggs of . Civprolaemus were silvenn white

and gradually turned to pale vellowish orange with shine
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4.1.5 Incubation period and hatchig percentage

Ten fresh eggs laid by each of the ten females were
observed daily for grub emergence. At the time of hatching the shining
of eggs was disappeared and a longitudinal depression was seen an the
egg. The grubs hatched by breaking egg shell at the depression

Further. 1t was seen from close scrutinv of the data
presented in (Table 2). that incubation period in all the hundred eggs
kept under observation was ranged between 4.6 to 7.55 davs with an
average of 5.67 davs. also the hatching percentage was recorded as 80
to 100 per cent v th an average of 93.0 per cent (Table 2).

4.1.6 Grub development

The data on grub development presented in - Table 3 . It
was found that :he grab moulted three times during its post embrvonic
development before undergoing pupation. exhibiting four instars. The
duration of first iastar grub was 6 to 7 davs. For the second instar grub.
the developmental period vaned from 3 to 5 davs. The third instar grub
took 4 to 5 days for the development. while duration of last. 1.e. fourth
instar ranged from 5 to 10 davs.  Thus. the total development of grub
was seen to be completed within 21.5 davs when reared under laboratory
conditions on eggs of A1, hursutus. at room temperature.

At the time of emergence the grubs were found devoid of
the white waxy strands but were observed to develop within 2-3 hours.
With each instar. length of these filaments was seen increasing. When
these filaments were removed completelv. thev were seen again

developed within just 2-3 hours.



It was also observed that the grub in third or fourth instar
was when disturbed it secreted sticky dark orange fluid from the body-
4.1.7 Pre-pupal period

The data presented in (Table 3) on pre-pupal period
showed that it was in the range of 1 to 2 davs with an average of 1.4
days.

4.1.8 Pupal period

The grubs confined in the petriplates. seen to pupate
mostly at the comers of the petriplates. Pupa was dark brown in colour.
hidden beneath the waxy threads. It could be seen from the (Table 3)
that the pupal period was found to range from 7 to 11 davs with an
average of 8.4 days.

4.1.9 Total development period

The perusal of data. on the duration of developmental
stages of C. montrouzieri. (Table 3) revealed that the duration of egg.
grub. pre-pupal and pupal stages were found in the range of 4.6 to 7.55,
20t0 23, 1 to 2 and 7 to 11 davs. respectively. The entire life cvcle 1.e.
from egg laving upto adult emergence was thus found to complete
between 33 to 40.55 davs with an average of 36.97 davs.

4.1.10 Fecundity

The ten pairs used for studding pre-mating. mating.
pre-oviposition and oviposition period were further kept under
observation and the data on the total number of eggs laid by female

during its entire life span is presented in (Table 4).



Table 4. Longe /ity and fecundity of C. montrouzieri

Pair Longevity Fecundity
No.
Male Female
1 { 64 62 304
2 58 67 435
3 67 83 520
4 62 76 415
5 01 99 682
6 84 88 636
7 63 7 370
8 ) 77 86 605
9 66 69 538
10 | 71 83 548
Range 58 - 91 37-99 370 - 682
Average l 70.3 77.2 5248




The maximum number of eggs laid by a single temale
were 682 in one case. however on an average. 324.8 eggs were laid by a
female during it's life span.

4.1.11 Adult longevity

The data on the adult longevity are presented in (Table 4)
It was clear from the figures that a female could live longer than male.
On an average the longevity of the male was 70.3 davs and reached a
maximum of 91 davs while that of the female was 77.2 davs. However.
1t was observed ihat a female could live maximum up to 99 davs.

4.1.12 Sex Ratio

Among the six hundred beetles observed. there were 311
females and 287 males. Thus the ratio of male to female was found to
be 1:1.08.

4.2 Feeding potential of C. montrouzieri

The feeding potential of different larval instars as well as
male and female beetles of ' montrouzierr on egg. nvmph and adult
stages of mealvbugs. \/. rsurus along with their developmental penod
are given in (Tasle 5a to 5g).

The data presented in (Table 3a) indicated that when the
grubs of . mo=trouzierr were provided with eggs of mealvbugs. they
consumed a total of 1329 40 eggs within 24.2 davs of development The
egg consumption of predatorny grub in fourth instar was highest 1.e.
772.27 among all the four instars: with developmental penod of 7 6
davs. The first and second instar grubs ingested almost equal number

of eggs1.e. 128.953 and 131 40 of A/ Jursurus within 6,15 and 4.56 davs.
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Table §.
M. hirsutus

Table 5a. Feeding on egg stage alone

Feeding potential and development of C. montrouzieri on

Stage of the predator | No. of eggs consumed | Developmental period
1. Grub (Mean +S.D.) (Mean + S.D.)
I instar 128.93 +4.30 6.13+0.12
Il instar 131,40 +3.82 4.56 +0.34
I11 instar 496.80 + 93.26 $90+0.05
IV instar 77227 +23.48 76+1.04
Total 1529.40 + 107.35 2419+1.13
2. Adult ) No. of eggs consumed Longevity
(Mean +S.D.) (Mean +S.D.)
Male 504940 +416.8 66.43 +4.55
Female ) 6748.03 + 193.32 75.10 + 3.65

Table 5b. Feeding on

nymphal stage alone

Stage of the predator
1. Grub

No. of eggs consumed

(Mean +S.D.)

Developmental period

(Mean + S.D.)

Female

I instar 40.16 + 0.31 396 +0.12
I instar 4876 +1.38 3.83+037
ITI instar 119.43 + 8.45 443 +1.08
IV instar 185.63 + 360 462+018
Total 30508 +5.11 16.84 + 0 78
2. Adult No. of eggs consumed Longevity
(Mean +S.D.) (Mean +S.D.)
Male ) 7936 +6.47 5546+ 396
83370+ 475 59080 +3.04




respectivelv.  The third instar grub consumed 496.80 eggs within 59
davs. However. the total number of eggs consumed by the adult. of
C montrouzierr nvas more when compared with the grub. showing
voracious nature than grub. On an average each adult male and female
consumed 5049 40 and 6748.053 eggs of mealvbugs within 6643 and
75.10 davs. respectively.

From the (Table 5b). 1t 1s revealed that the grub of
C. montrouzier preved upon 40.16, 48.76, 119.43 and 185.63 nymphs
of M. hirsurus n first (3.96 davs). second (3.83 davs). third (4.43 davs)
and fourth (4.62 davs) instars. respectivelv with total developmental
period of 16.84 davs. The male and female adults of C. montrouzier:
fed on 793.60 and 835.70 nvmphs of mealvbugs. respectivelh  The
female of the predator lived longer (39.80 davs) and consumed more
nymphs (835.70: ‘han the male (793 60 nvmphs) (35 46 davs). The data
incorporated in the Table 5S¢ showed that the different larval instars 1 ¢
first to fourth. oi" C. monrrouzierr consumed 436, 3.2, 4 46 and 8 78
adults of M. hirsutus  and showed development penod almost similar
(4.50, 3.30, 4.56, 4.43 days) except in the case of second istar which
required less davs to complete its development. The male and female
adults of C. montrouzierr ate 62 16 and 65 83 adults of \/ hirsurus
within 39.13 and 47 20 davs. respectively.

The feeding potential of C. montrouzierr on egg and
nvmphal stage of A/ rsurus when provided combinely is presented in

Table 5d. The data revealed that the grubs completed 1ts total

development w tiin 17 15 davs with consumption of 63591 egg and
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Table Sc. Feeding on adult stage alone

Stage of the predator | No. of eggs consumed | Developmental period
1. Grub (Mean +S.D.) (Mean + S.D.)
I instar 4.36+0.28 4.50+0.08
I1 instar ) 3.2+043 3.30+0.57
M1 instar 446 +0.49 4.56 +0.57
IV instar 8.78 + 0.04 4.73+0.21
Total 20.53 +0.04 17.09 + 0.48
2, Adult No. of eggs consumed Longevity
(Mean +S.D.) (Mean +S.D.)
Male 62.16 +0.36 3913 +3.02
Female 65.83 +3.94 47.20+1.98




Table 5d. Feeding on egg + nymph stages

Stage of the predator

No. of eggs consumed

Developmental period

+ (394 1 +1047)

1. Grub (Mean +S.D.) (Mean + S.D.)

I instar (85.16 +1.29) 416+0.17
+(28.06 + (.83)

I1 instar (83.96 +1.29) 4.03+026
+(24.80 + 2.88)

I instar (213.86 + 8.40) 4.16 +0.66
+(29.05 +4.33)

IV instar (25293 +2.98) 4.8+0.05
+(29.10 + 1.49)

Total (635.91 + 8.94) 17.15+0.49
+(110.99 +6.37)

2. Adult No. of eggs consumed Longevity
(Mean +S.D.) (Mean +S.D.)

Male (3240.7 + 37.82) 60.20 + 0.69
+(394.96 + 4.66)

Female (392930 + 62.35) 6053 +3.00




110.99 nymphs. The first and second instar grubs devoured almost
similar number of eggs as well as similar number of nvmphs (i.e. 85 16
and 83 .96 eggs and 28.06 and 24 80 nvmphs). respectively with almost
similar development period (4.16. 4.03 davs). Third instar grub showed
similar development period (4.16 davs) like first instar grub which
ingested 213.80 eggs along with 29.03 nymphs. Maximum eggs
(252.93) and nvmphs (29.10) were consumed by fourth instar grub
within 4.8 days. The female of C. montrouzierr consumed 3929.30
eggs along with 394.1 nvmphs during its life span of 60.53 davs. while
male ingested little less i.e. 3240.7 eggs and 394.96 nvmphs within
60.20 days.

The data on feeding potential of C. montrouzierr with
simultaneous supply of eggs and adults of /. lrsurus are presented in
(Table Se). It was clear from the results that the grub consumed
maximum of 366.4 eggs and 4.63 adults of A/ hrsurus within 6.63 davs
in its fourth instar. while the least number of egg (64.33) and adults
(1.16) were preved by second instar which required 3.13 davs for its
development. First and third instar grub. took more or less similar davs
(5.05 and 5.06 davs) to complete development but regarding
consumption. third instar grub devoured 284.00 eggs and 3.03 adults
which were almost three times more than that of first instar grub.
Moreover male lived for 56.56 davs bv consuming 3164.5 eggs and
29.23 nvmphs ‘rhile female devoured 3774.9 eggs and 34.23 nvmphs

and lived for 61.46 davs.



Table Se. Feeding on egg + adult stages

Stage of the predator | No. of eggs consumed | Developmental period

1. Grub (Mean +S.D.) (Mean + S.D.)

I instar (102.5+077 503+017
+(1.36 +0.04)

Il instar (64.33 +11.68) 313+0.38
+(1.16 + 0.60)

II instar (284.00 +19.03) 506+ 0098
+(3.05 +0.46)

IV instar (366.4 + 17 58) 6.63+0.18
+(4.63 +0.68)

Total (816.83 + 37 0%) 1ORS + 124
+ (1018 +1.27)

2. Adult No. of eggs consumed Longevity
(Mean +S.D.) (Mean +S.D.)

Male (3164.53 = 205 00) 56 56 +499
+(29.23 +3.25)

Female (37749 = 34.04) 61.46 +1.83
+(34.23 +1.94)




From the (Table 5f) it is seen that the grub consumed 25.9
nymphs and 1.23 adults 21.43 nvmphs and 1.2 adults. 4520 nyvmphs and
2.83 adults and 78.03 nvmphs and 3.63 adults of A1 Aursutus in their
first. second. third and fourth instar with development period of 3.43.
2.9. 3.83 and 5.66 days respectively. In case of adult. male consumed
456.93 nvmphs and 18.6 adults of mealvbug and lived for 33 93 davs
where as female lived little more. 39.60 davs than male. which praved
453.0 nymphs and 26.96 adults of mealyv bugs.

Both the predatony stages of C. montrouzieri i.e. grubs and
adults were fed separately by providing sufficient number of eggs.
nvmphs and adults of mealy bugs in combination and the results are
presented in (Table 5g). The data revealed that the predation of
C. montrouzieri grub in first to fourth instar was ranged from 62.2 eggs.
18.8 nvmphs. 1.06 adults to 299.73 eggs. 56.8 nvmphs. 2.26 adults of
M. hirsutus. Thus the grubs of C. montrouzier: devoured a total of
620.99 eggs. 133.46 nvmphs and 5.25 adults of mealyv bugs within 17.43
days of its development. The developmental penod was recorded
minimum for second instar (3 93 davs) and maximum for first instar
(4.70 davs). It could also be seen from the table that male predator
consumed less prev eggs (2672.46) than the female (2924.46) but
consumption on nvmphs and adults in case of predatory male (317.16
and 28.70) is slightly more than in female (276.56 and 28.03) with

development period of 60.73 and 68.2 davs. respectively.



Table Sf. Feeding on nymphs + adult stage

Stage of the predator | No. of eggs consumed | Developmental period
11. Grub (Mean +S.D.) (Mean + S.D.)
I instar (250+1.10) 343+028
~(123+004) |
Il instar (21,43 +364) 200+0.37
+(1.2+0.43)
I11 instar (45.20 + 3.84) 3.83+037
+(2.85+0.24)
IV instar (7803 + 1.3 566+0.12
+{3.63+033)
Total (170.56 =7 80 1582+077
+(8.89 + 0.92)
2, Adult No. of eggs consumed Longevity
(Mean +S.D.) (Mean +S.D.)
Male (456 93 + 4 509 3393 +302
+(18.6 +2.50)
Female (453.0+6.23) 3960+ 1.98
+(2996 +1.34)




Table Sg. Feeding on egg + nvmph + adult stages

Stage of the predator | No. of eggs consumed | Developmental period
1. Grub (Mean +S.D.) (Mean + S.D.)
I instar (622 + 2.08) 470+ 008
+(188+216)
+(1.06 +0.26)
I instar (6540 + 4. 7R) 103 +00?
“(220+31%)
+(0.6+021)
11 instar (193.66 + 1.99) 45+078
+(34.96 + 0.69)
+(1.33 +0.50)
IV instar (200 75 =341 4.30+0.20
+ (568 +1.57)
+(2.26+051)
Total (62099 + 10.87) 1743 +0.57
+ (133 46+ 131
~(525+03)
2. Adult No. of eggs consumed Longevity
(Mean +S.D.) (Mean +S.D.)
Male (2672 46 + 233 73) 6073 + 432
“ (31716 + 7.80)
+ (28 70+ 4.04)
Female (2924 46 + 66 99) 682+219
+{276 56 + 0 36)
+(28.03 +~ 2 00




4.3 Susceptibility of C. montrouzieri to some insecticides

The predatonn beetle . montrouzierr was reared on
mealvbug infested pumpkin fruits in laboraton  Six insecticides were
tested at two concentrations 1.€. below recommended and recommended
concentrations « determine susceptibilit_\' of both predaton stages
of ¢ montrouzier:.

4.3.1 St s ceptibility of grubs of C. montrouzieri to insecticides

The insecticides at two concentrations were tested against
second instar grub using leaf dip method. The data on mortality of grub
are incorporated in ( Table 6) and depicted in (Fig. 1)

After scrutinizing the data 1t seems that there were
significant differences in grub mortalitv due to various nsecticides.
Among them. spinosad was found to be totally innocuous to the grubs.
In contrast. malathion recorded maximum mortalits (78 33 per cent) and
proved to be highlv toxic to the grubs.  Next tot his. endosuifan
registered 69.9¢ ser cent mean mortalitn. where as quinalphos. methyl
demeton and dimethoate were equally hazardous to the grubs exhibiting
mean mortahitv o1 34.99, 51.66 and 51.66 per cent. respectiveh

Moreover. the results showed significant differences n
grub mortalitv among the test concentrations. It was obvious that on an
average higher concentration showed maximum of 6444 per cent

mortalitv followed by below recommended concentration (37 77 per

cent). T 894¢



Table 6. Susceptibility of grubs of C. montrouzieri to some

insecticides
Insecticide Per cent grub mortality at Mean
concentration
Below Recommended
recommended
Malathion 66.66 (85.06) | 90.00(71.9%) | 7833 (63.51)
Quinalphos 33.33(33.21 70.00 (37.77) | 51.66 (46.49)
Endosulfan 56.66 (48.92) 83.33(67.03)y | 69.99(57.97)
Methyldemeton | 4333 (41.14) 66.66 (34.98) | 54.99 (48.06)
Dimethoate 26.66 (30.99) 76.66 (61.91) | 51.66(46.45)
Spinosad 00.00 (0.81) 0000 (0.81) 00.00¢0.81)
Average 37.77(35.35%) 6444 (52,41 m—=-
SE + CD at 5%

Insecticide (1) 313 16
Concentration (C) 1.80 S.26
Interaction ( 1 x C) 4.42 12.96

Figures in parenthesis are arc-sin , /percentage transformation










The  interactions  among  insecticides  and  their
concentrations were found to be non significant in respect of grub
mortality.

4.3.2 Susceptibility of adults of C. montrouzieri to insecticides

The contact toxicity of six insecticides was tested against
newly emerged beetles by leaf dip method. The data incorporated in
(Table 7 and depicted in Fig. 2) revealed that malathion was highlv- toxic
to adults of C. montrouzieri causing 79.99 per cent mean mortality
Endosulfan (64.99 per cent). methyl demeton (5999 per cent) and
dimethoate (53.3 7 per cent) were at par with each other. while spinosad
was totallyv harmless to adults showing no mortalitv of beetles.

The test concentrations of various insecticides showed
significant differences in mortalitv: of C montrouzierr adults. The
recommended concentrations of all insecticides caused maximum
average adult mortaline (62.77 per cent) folloned by below
recommended (48.88 per cent)

The interactions among insecticides and therr

concentrations were also non-significant in respect of adult mortahty .

»d
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Table 7. Susceptibility of adults of C. montrouzieri to some

insecticides
Per cent adult mortality at
Insecticide concentration Mean
Below Recommended
recommended

Malathion 66.66 (54.98) 93 33(75.07) 79 99 (65 .02)
Quinalphos 30.00(33.20) | 36.66 (48.92) | 4333 (41.06)
Endosulfan 46.66 (43.07) 83.33(67.03) 64.99 (55.05)
Methyldemeton | 46.66 (43.07) 73.33 (60.88) 59,09 (51.98)
Dimethoate 36.66 (37.22) 70.00 (37 77 S3.33(4749
Spinosad 0000 (0.8 00.00(0.81) 0000 (081 ‘
Average 48.88 (35.39) | 62.77(51.7%) -

Insecticide (1)

Concentration (O)

Interaction ( I x )

4.63

CD at 3%
959

S5

ad

I

5

'sd

Figures in parenthesis are arc-siny/percentage transformation
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CHAPTER - V
DISCUSSION

t Maharashtra. fruit and flower growing has taken
considerable stride in the recent past. Such commercial fruit crops and
ormamentals suffer heavyv losses from number of insect pests.
Mealvbugs. Maconellicoccus hirsutus 1s one of the important insect
pests causing serious damage in orchards. At present. control of
mealvbugs is mostlv depend on available insecticides. Unfortunately. its
over use has resulted in undesirable side effects like insecticide
resistance. killirg of natural organisms and residue deposits of pesticides
in or on the harvested produce. To overcome these problems. and to
provide a stab ¢ ecosvstem. the scientists turned their research studies
for development of integrated pest management (IPM). IPM seeks to
minimize the us: of insecticides and resembles the practice of medicine
that is concerned with the total well being of the crop and the ecosyvstem
in which it grows. The research institutes have made tremendous
progress in areas like biological control in pest management.

Attempts have been made to control the mealvbugs by
using its natural enemv. Cryprolaemus montrouzier:. a coccinetlid
predator. in sore parts of Maharashtra. Hence efforts were made to
studyv biology. feeding potential in order to get information on life
historv' and mgss muitiplication technique of the beetles and its
susceptibility tc .ome insecticides.

The results of the investigations made on biology. feeding

potential and susceptibility of bio-stages of the predator to some



insecticides are presented in previous chapter and are discussed in this

chapter.
5.1 Biology of C. montrouzieri
5.1 Pre-mating period

In the present investigations. the pre-mating penod in all
the ten pairs was found to range from 3 to 10 davs with an average of
6.0 days (Table 1). This finding is in agreement with the finding of Bhat
et al. (1981) who reported it as 6.2 davs. Pre-mating peniod reported by
Rao and David {1958) was slightly higher (8 to 11 davs) than what was
recorded in present studies. The vanation. though not much. mav be due
to the differences in the expenmental conditions.

5.1.2 Mating period

Duning the present investigations. the mating peniod of
beetle was exhibited as 5 to 33 minutes with an average of 17.8 minutes
(Table 1). Als> copulation was observed up to the age of 70 davs of
adults i.e. continued just few davs earlier to death. This finding is 1n
conformity with the findings of Bhat er a/. (1981) who reported the
mating period as 30 to 40 minutes and also found that copulation
continued until shorthy before death.

5.1.3 Pve-oviposition period

In the present investigations. the pre-oviposition peniod of
4 to 10 davs with an average of 7.30 days (Table 1) is comparable with
the studies conducted by Gokuldaskumar and Vijavalaxmi (1986) who
reported it as 6.0 to 7.80 days. However. it is shorter than that reported

bv Rao and David (1958). as 9 to 13 days at temperature of 24°C to
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29.5"C In contvast. it is slightly greater than what observed by Mineo
(1967) i.e. 3 to 4 davs at 25"C.  The perusal of the studv of Babu and
Azam (1987a) revealed that the ambient temperature have influence on
pre-oviposition period.  They reported that pre-oviposition penod got
extended (9.6 davs) when the predator was maintained at constant
temperature o. 20"C. compared with the maintenance at ambient
temperature (2.4 davs) whereas at 30°C it was 3.6 davs. Thus the slight
variations in the findings of present investigations regarding
pre-oviposition perniod as compared to earlier reports is because of
variation in temperatures while conducting the experiment.
5.1.4 Oviposition period

In the present studv (Table 1) oviposition penod was
found to range between 52 to 84 davs with an average of 69 4 davs
which is comparable with 75 dayvs as reported by Rao and Dawid (1958)
It was also obscrved that the female of Criprolaemus preferred egg sacs
of mealy bugs for egg laving. Merlin er al. (1996) stated that female
delav ovipositicr and with held mature eggs in absence of wax filament
produced by the prev.
5.1.5 Incubation period and hatching percentage

The incubation period found to range between 4.6 to 7 35
davs with an average of 5.67 davs (Table 2) These findings deviates
slightly from those of Hall (1926). Rao and David (1958) and Mam
(1986) who reported it in the range of 3 to 4. 2 to 4 and 4 to 5 davs.
respectivelv  The reason for shightly longer incubation penod possibly

lies in the climatic vanations during period of expenment. Babu and
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Azam (1987a' concluded that higher temperature shortened the
incubation period and vice versa.

Viability of eggs of 93 per cent noted in present studyv
closelv agrees with that of conducted by Mineo (1967) and Bhat
eral.. (1981) who showed it as 97 and 100 per cent. respectively
5.1.6 Grub development

The results regarding reanng of grubs on eggs of
M. hirsutus revealed that the grub moulted three times thus had four
instars and completed its development within 21.5 davs (Table 3) This
finding in the present study is supported by the researches of Van der
Goot (1920) and Bhat er al.. (1981) who reported the duration of grub
development as. 20 and 19.5 davs. respectivelv. The present findings
differ from the sbservations of Liotta and Mineo (1965) and Murthy and
Narayana (1986a) who reported 1t as 14 to 17 and 31.6 davs.
respectively. The vanation in the developmental period may be due to
quality and quantity of prev available and vanation in the environment
of rearing room
5.1.7 Pre-pupal period

The duration of pre-pupal period was found to be 1 to 2
dayvs during present studies (Table 3). This finding 1s in agreement with
the studv conducted bv Murthyv and Naravana (1986a). who reported 1t
as 1 to 2 days.

5.1.8 Pupal period
The fully matured grubs undergo pupation. prefemng

mostly the dark and shady places. Pupa was dark brown in colour
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covered with white waxy filament. Pupal stage lasted for 7 to 11 davs
with an average of 8.4 davs. (Table 3). However Rao and David (1958).
Liotta and Mineo (1965) and Mani (1986) reported that the pupal period
lasted for 7 to & 6 to 13 and 7 to 9 days. respectively which are in
corroboration with the present results.
5.1.9 Total development period

According to results of present investigations the life cvcle
(from egg to adult emergence) was completed in 33 to 40.55 davs with
an average of 36.97 davs (Table 3). This finding is in agreement with
that of Bishop (1931) and Bhat er a/.. (1981) who reported the total life
cvcle in the range of 32 to 36 and 33 to 39 davs. respectively
5.1.10 Fecundity

The egg laving capacity of female beetle was recorded in
the range of 370 to 682 with an average of 3524.8 when fed with
mealybug eggs onlyv (Table 4). This result obtained i1s quite deviating
from the earlier record of Rao and David (1958) who reported it as 207
However Fisher (1963) reported it in the range of 194 to 729 Gokuldas
Kumar and Vaijavalaxmi (1986) found the fecunditn of female as
1062.5 eggs when reared on Planococcus citr1. Further thev stated that
fecundity of the predator depend upon specificity of the host supplied.
Merlin er al.. (1996) reported that oviposition was enhanced due to
presence of waxy filaments produced by the prev. In the present study
as whole egg sacs of mealvbugs were provided. there might be increase

in fecundity. The other causes of vanation in fecunditv may be the
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differences in environmental conditions and qualitv and quantitv of the
prev provided
5.1.11 Adult longevity

‘Tne male and female beetles lived for 58 to 91 davs (with
an average of 70.3 days) and 37 to 99 davs (with an average of 77.2
dayvs). respectielv (Table 4) These results of present investigations
show more or less similarin with the observations made by Rao and
David (1958) who reported it as 52.2 davs for male and 80.2 davs for
females.
5.1.12 Sex ratio

The male to female ratio observed dunng the present
study was | : 1.08. The same 1s in close agreement with the reports of
Bhat. er a/.. (1¢&1) and Babu and Azam (1987a) who reported it as 1 |
and 1 : 13 respectively.
5.2 Fexding potential of C. montrouzieri

The studies were made on the feeding potential of
different larvil instars as well as male and female beetles of
C. montrouzier:. under laboratony conditions For these investigations.
eggs. nvmphs and adults of mealvbug species \/. hirsurus were supplied
separately and in combination as prev to the both predatony stages
Along with feeding potential. the developmental period of grub and
longevity of adults was worked out.

In the current studies. there was increasing trend of
consumption for prev eggs with successive nstars (Table Sa)  The

number of eggs consumed by first. second. third and fourth instar grubs
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were 128.93, 131.40, 496.80 and 772.27. respectively. Thus the total
consumption wgs 1520 40 eggs within development penod ot 2419
davs. Babu and Azam (1988) recorded that grubs of ¢ montrouzier:
consumed total 98.0 to 1103.2 eggs of A/ hirsutus at 30"C temperature.
Murthy and Narwy ana (1986b) observed that. the mean number of eggs
consumed by each instar grub was progressively high when theyv were
feed on eggs of grape mealvbugs. Similar observanons were recorded
bv Mani and Knshnamoorthy (1990) Thev found that. the predaton
grub consumed a iotal 2181.27 eggs of \/. hirsutus wathin 30.20 davs of
development. Thus these observations are in conformity with the
present findings However. there i1s slight vanation between present
findings and the results obtained by Oncuer and Bavhan (1982). Murthy
(1982) and Man* and Thontadarva (1987)  The differences might be
due to method of application. host species emploved and environment in
rearing laboraton .

The female beetie of C. montrouzier: ingested more eggs
of mealyv bugs (6748.03) than that of the male (5040.40). This finding 1s
supported by finding of Murthy and Naravana (1986b). Babu and Azam
(1988). However overall consumption of the prev eggs by male and
female was found higher than the earlier reports. This increase in prey
number is mav be due to quahitv of prev supplied and the reanng
conditions like t> nperature.

The results showed that when mealvbug nymphs were
supplied as a prev to the grubs of (. montrouzier they consumed in all

393.98 nvmphs and took 16.84 davs for completing its development

2
O



(Table 5by. Consumption of nvmphs by first instar grubs was found
least and 1t swas progressively increased.  When the beetles of
C. montrouzie:r were provided mealvbug nymphs. as prev. the female
devoured maximum of 835.70 nvmphs within life span of 39 80 davs
and the male ingested minimum of 793 60 nvmphs within 53 46 davs of
its longevity. Murthy and Naravana (1986b) provided different nvmphal
instars of mealy bugs to first to fourth mnstar grub of C montrouzieri
separately and found that dailv consumption rate was increased Mam
and Thonatadarva (1987) observed that Single grub devoured on an
average 259 nvmphs of A/ Arsurus within its developmental period of
13.85 davs. Thus these observations supports the findings of present
studies in respect of consumption and development of the predaton
grub. Regardineg aduit consumption. Murthy and Naravana (1986b)
noticed higher <onsumption rate of female beetles than the males.
Further Javaraman er a/.. (1988) recorded that female and male beetle
consumed 618.0 and 482.2 nvmphs of \/ hirsutus. respectivelv.  Thus
these observations are in corroboration with present results. However.
variation to certain extent mav be due to rearing conditions. quality of
host species and stages of mealvbug provided.

When onlyv adult stage of \/. hirsutus was provided to the
grubs and adults of C. monrrouzier: their predatoin rate was found to be
reduced greatlv (Table 5S¢y The development period of grub and
longevity of adults was also reduced. The grubs dunng its development

period of 17.09 davs devoured 20.33 adults of mealy bugs.
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These findings in present investigations are comparable
with results of Murthy and Naravana (1986b) who reported that grubs
consumed 25 84 adults of mealvbug within 19.47 davs.

The male and female adults of C. monrrouzier: consumed
as many as 6216 and 6583 adults of \/ Jursurus  respectivel
Moreover prolonged . longevityv of female was observed than male
Similar results were recorded by Javaraman er a/.. (1988) Thev found
that. the female of C. montrouzier: preved upon more number of adults
of M. hirsurus (65 01) than the male beetle

Thus. 1t 1s evident from the present investigations that.
higher consumption was noticed for the eggs of mealvbugs. by both the
predatony stages of C. montrouzier:. followed bv nvmphs and aduits.
Also their life span was found prolonged when reared on eggs and went
on reducing whern fed with nvmphs and adults. It can be further opined
that female beetle was found to be voracious feeder exhibiting longer
longevity as compared to male beetles and grubs.  These observations
are in agreement with findings of Murthy and Naravana (1986b). Man
and Thontadarva (1987). lavaraman er al.. (1988).

Morever. the investigations were carried out on the feeding
potential along » th development and life span of both predatony stages
of C montrouzierr In the study thev were supplied with egg. nvmph
and adult stage, of mealyv bugs in different combinations like eggs ~
nymphs, eggs + adults, nvmphs + adults and eggs + nvmphs + adults

In the treatment of eggs ~ nvmphs. the grub of

C. montrouziert ingested 635 91 eggs and 110.99 nvmphs of \/ hrrsurus
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within 17.17 dayvs of its development (Table 5d). The consumption of
eggs and nyvmphs was found to increase with successive instars  The
adult beetles lived for 60 days. However. regarding consumption the
female ranked first. Thus it 1s obvious from the results that both grubs
and adults of (" montrouzierr preferred eggs of mealvbugs than the
nvmphs when provided in combination. The information in this context
of combined feeding is scantv in the literature surveved However
similar trend of feeding was noted by Murthy and Naravana (1986b)
lavaraman er al. (1988). Also Mam and Knshanamoorthy (1990)
indicated that C. montrouzier: preferred to feed on ovi sacs rather than
nvmphs and adults of C. psidii. Thus. these reports are comparable with
present findings.

In the another set of treatment (Table 3e). C. montrouzier:
was supplied with eggs and adults of mealy bugs. simultaneousiy. In
this case also. similar habit of feeding was observed. The consumption
rate was obsernved increasing in grubs. males and females. successively
Development period of grubs was found to be 19.83 davs. Male lived
shorter (56.56 davs) than female (61.45 davs) Thus. 1t seems that.
grubs and adults of . montrouzier: fed voraciouslv and preferred eggs
of meal\v bugs rather than adults. The consumption rate was found to be
directly proport:onate to development pertod. As in the literature. the
information in this regard is lacking. the present results could not be
compared. however higher predation on eggs of mealy bugs as against

adults was noted bv Murthv and Naravana (1986b). Mam and



Thontadary (1987) and Mani and Krnishnamoorthy (1989) closely agrees
with present findings.

When nymph and adult stages of mealvbug were provided
in combination to C. montrouzier:. the feeding potential was found to
be considerably reduced (Table 5f). The second instar grub devoured
minimum nyvmphs and adults. whereas fourth instar grub are maximum,
Male showed poor feeding potential than females In literature.
information in tkis context of combined feeding i1s meagre It can be
noted considering the results that. feeding potential of C. montrouzier:
was in declining arder as female < male < grubs.

In another treatment feeding potential of C montrouzier:
was judged by providing them with all the bio stages of mealvbug
combinely viz.. e2gs. nvmphs and adults. as thev would occur naturally
in the field. All the larval instars of ¢ montrouzierr showed higher
feeding on eggs of mealvbugs followed by nymphs and aduits
(Table 5g). Further it was observed that their feeding potential goes on
increasing with successive instars. Similar trend was observed in case of
adults as female ingested more bio-stages than male. with longer life
span. Considering lack of information on this aspect. the present results
could not be compared. However. mgher feeding of C. montrouzier: on
eggs of mealvbugs was obsenved followed by nvmphs and aduits. 1s 1n
the line of findinzs of Murthy and Naravana (1986b). Babu and Azam
(1988) and lJavaraman et al.. (1988).  Further. Oncuer and Bavham
(1982) gave opi1 on that eggs as well as other stages of mealy bugs are

essential in the diet for successful development of C. montrouzier:



53 Susceptibility of C. montrouzieri to some insecticides
Susceptibility’ of the active stages (i.e. grub and adult) of
C. montrouzieri was tested against commonly used insecticides by
following leaf dip method.
5.3.1 Susceptibility of grubs of C. montrouzieri to insecticides
Du-ing the present studyv. malathion was recorded to have
maximum mean mortalitv of 7833 per cent of grubs.  Samuel
et al.. (1983) tested the residual toxicity of malathion 0.05 per cent to
the grubs and found it to be highly toxic. As such. the present findings
are in agreement with the results obtained by Samuel er a/. (1983),
Endosulfan ranked next with mean mortalitv of 69.99 per
cent. The results are in corroboration with findings of Bartlett (1963)
who recorded that endosulfan and malathion were highly toxic to grubs.
In the present study. spinosad was found to be safest insecticide to the
grubs at both the concentrations 1.e. below recommended and
recommended. It 1s obvious that mortalitv at below recommended
concentration wzs less compared to recommended concentrations.
5.3.2 Susceptibility of adults of C. montrouzieri to insecticides
The effect of different insecticides on mortality' of adults
of C. montrouzieri showed that malathion was highly toxic among test
insecticides with mortalitv of 9333 per cent at recommended
concentration. This finding 1s supported by results of Chacko
et al.. (1979) and Srinivasan and Sundara Babu (1989). The order of
toxicity to adults of C. montrouzierr was malathion > endosulfan >

methyl demeton > dimethoate > quinalphos. Almost similar trend was

44



noticed by Srinivasan and Sundara Babu (1989). Satvanaravana and
Murthy (1991) «rd Shirke (1991) for different pesticides tested by them.
However. the slight differences mav be due to method of application of
insecticides. concentrations emploved and stage of predator used.

Thus it can be said from the present findings that
malathion was highlv toxic to C. montrouzieri while spinosad was
totally safe. Moreover quinalphos was comparatively less toxic among
the tested insecticides except spinosad to grubs and adults of

C. montrouzieri.
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CHAPTER - Vi
SUMMARY

The grapevine mealvbug /. hrsurus Green has been
serious threat to orchards in India. Control of mealybug by releasing the
natural predator is preferable rather than the use of insecticides
Crvprolaemus m>1trouziert M. is a general predator of a wide range of
mealybugs at all stages of the development. Hence. exploitation of this
exotic coccinellid. as bio-control agent i1s worthwhile. Therefore. certain
biological aspecis of this coccinellid are contemplated to generate
information which will be useful in the mass multiplicaton and
augmentation programme.

The beetles were reared successfullv in laboratorny and
were found to breed all through the vear. The life cvcle vaned from 35
to 39 davs. The egg stage being 4.5 to 7.55 davs. larval 20 to 23 davs.
pre-pupal 1 to © lavs and pupal 7 to 11 davs at room temperature rearing
of the beetle.

The beetle copulated 3 to 10 davs after emergence and
commence owiposition a dav or two latter.  The total penod of
oviposition extended up to 84 davs in one case. with an average of 69 4
days and it was continued till few davs before death of adults. The total
number of eggs laid during the entire life period of a beetle came up to
524.8. The longevitv of the male was on an average 70.3 davs and
reached a maximum of 91 davs while that of the female was 77 2 dayvs.

The male is to female ratio was found to be 1 : 1.08.



Feeding potential of grubs and adults of C. montrouzier:
was recorded along with their developmental penod and longevitv. by
providing them egg. nvmph and adult stages of . hirsutus separately
and in combinations. as a prev. The results of the study indicated that
females dominate in their predatony rate compared to male and grubs
due to its long rife span in all cases. The consumption rate of different
larval instars was in the order of IV > Il > | > Il. The developmental
period of these stages of C. montrouzieri was directly proportionate to
the number of mealvbug stages consumed by them. It was also found
that both the predatory stages of C. montrouzieri devoured more number
of eggs of mealvbugs followed by nvmphs and adults when provided
separately or in combinations.

Application of insecticides in orchards is very common to
control insect pests. A study was undertaken to determine susceptibility
of C. montrouzieri to different insecticides. Among the six insecticides
tested. it was found that malathion was highly toxic to C. montrouzier:
while spinosac was totally innocuous. at both the concentrations tried
i.e. below recommended and recommended. The significant differences
were recorded in grub and adult mortality due to treatment with vanous
insecticides and their test concentrations and interactions among them

were non significant.
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