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Abstract

H. vigintioctopunctata is a stern pest of solanceous crops all over the world and is one of the major
defoliators of eggplant leading to heavy economic yield loss. It is a polyphagous pest, having a wide host
range, with brinjal as the most preferred one. Both grubs as well as adults feed voraciously on the green
matter of the leaf and skeletonize it leaving the upper epidermal tissue. The growth and development of
the plants are greatly hampered and the yield is markedly reduced. The percent infestation starts from one
week after transplanting. Population dynamics of the pest species is associated with environment. The
infestation and multiplication of insect have correlation with different prevailing weather parameters such
as maximum and minimum temperature, wind velocity, minimum and maximum relative humidity,
sunshine and rainfall which influencing insects both directly and indirectly. The studies on its biology
indicated that female laid eggs in batches during her life span and the larvae pass through four moults.
The duration of different stages of life cycle like premating period, pre oviposition period, oviposition
period, incubation period, larval period, pre pupal period, pupal period and adult vary for each stage of its
life cycle. Due to its multiple host range pests occurred throughout the year. When number of pest
managing application increases, profit decreases. IPM is a system that utilizes all suitable techniques and
methods in a compatible manner as possible and maintains pest populations at levels below those causing
economic injury. Intelligent selection and use of pest control tactics will ensure favorable economic,
ecological and sociological consequences. There is a need for further study over the effects of the
ecological factors on different life stages of H.vigintioctopunctata so that they could be exploited in
devising IPM strategy for effective management.
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Introduction

Vegetables play a vital role in providing essential protective nutrients like vitamins and
minerals and are used as selective diets by everybody. Brinjal is a widely grown crop of Asia,
Africa and some parts of Europe. It is a common popular worldwide vegetable crop grown in
sub-tropical and tropical areas (Sarker et al., 2006) 8 including India, which is the largest
producer and original habitat among the tropical and sub-tropical nations (Behra et al., 1997)
[ grown under diverse agro-climatic conditions as one of the chief vegetable crops (Prasad
UK et al., 2008) [611,

Being a succulent crop with high plant canopy, it is susceptible to many insect-pest attacks.
Forty four species of insect pests reportedly damage this crop in India (Lal, 1975) 3. Among
these Epilachna beetle, Henosepilachna vigintioctopunctata (Coleoptera: Coccinellidae) which
is known as Mexican beetle in Europe and locally known as hadda beetle, is also one of the
most destructive pests extensively found all over India and in other countries (Anam et al.,
2006; Rahaman et al., 2008; Sreedevi et al.,1993) [3. 79 %1 |n India it has also been recorded
from the regions of Jammu and Kashmir, Punjab, Himachal Pradesh, Uttar Pradesh, Bengal
and Karnataka etc. (Shankar et al., 2010) [, In some areas of the world it is regarded as being
a troublesome insect to control.

Lefroy (1909) [, Fletcher (1914) 18, Subramaniam (1924) 1 and Krishnamurthi (1932) [0
had reported it as a very common pest found feeding on solanceous and cucurbitaceous plants
in various parts of India. It causes considerable economic loss to many crops including brinjal
next to BSFB depending on place and season for variations of prevailing environmental conditions
(Rajagopal and Trivedi, 1989; Bhagat and Munshi, 2004; Islam et. al., 2011) [7475.6.28],

It is a common pest which attacks many cultivated and wild crops belonging to Solanaceae,
Cucurbitaceae, Fabaceae, Convulvulaceae and Malvaceae (Thomas et al., 1969; Ramzan et
al.,1990; Richards and Filewood, 1990; Kalra, 1997; Rajendran and Gopalan, 1997; Ahmad et
al., 2001; Rath, 2005) [102 80, 83, 34,77, 2. 811 that has turned out as destructive pest having a wide
host range with brinjal as the most preferred one (Ghosh SK and Senapati SK. 2001; Pandey
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and Shankar 1975) [2% 581 which is distributed around South
Canada, USA, Mexico, Guatemala, Africa and South East
Asia Australia, Africa, Asia, Afghanistan, America, China,
Middle East, Siberia and Sri Lanka (Jamwal et al., 2013) [%3],
Redtenbacher (1843) ©2 was the first person to draw the
attention epilachnae for their phytophagous habits. They are
generally considered as polyphagous but also considered as
oligophagus (Pandey and Shankar, 1975; Mandal and Mandal,
2003) B8 on the plants belonging to the family Solanaceae.
They are specialist feeders of various plant species of family
Solanaceae which can vigorously feed tomato and brinjal
within 5 minutes continually to cause severe losses (Shinogi
T. 2005) #2931,

The genus Hensoepilachna is a serious pest of many
agricultural crops including potato, eggplant, tomato, tobacco,
bitter gourd, sweet gourd, ribbed gourd, snake gourd,
cucumber, pumpkin, zucchini, beet, sugar beet, marrow,
cotton melon, rock melon, squash, cowpea, peanut, okra,
alfalfa, vetch, clover, cotton, banana, many weeds and grasses
(Schaefer, 1983) 89 Amaranthus viridis (Wilson, 1989) some
medicinal plants such as Datura innoxia Mill., D.stromonium,
Solonum nigrum L., Physalis minima, Withania sominfera
(Jamwal et al., 2013; Sudan, 2008) [33 %1 Chinese cabbage,
Arabidopsis, kidney bean, and its feeding efficacy is varied
(Shinogi et al., 2005) 2 %I,

Kapur (1950) ¥ first studied the biology and external
morphology of the larvae of epilachna in India and also
described  nine  species  genus  Epilachna. H.
vigintioctopunctata is one of a group of closely related
herbivorous ladybird beetles that have diversified greatly in
external morphology and host plant use in and around Indian
sub-continent.

Seasonal incidence and occurrence

The amount of infestation by H. vigintioctopunctata and its
occurrence on brinjal crop depends on the existing biotic and
abiotic factors. The ecological factors existing in the crop eco-
system play an important role in bionomics, distribution of the
pest. The activities of beetles are severely affected by various
ecological factors such as maximum and minimum
temperature, wind velocity, minimum and maximum relative
humidity, sunshine and rainfall, etc. The peak period of
infestation varies with regions and kind of variation is due to
date of planting, seasonal variations and other biotic factors.
Several workers like Prasad and Logiswaran (1997) [©;
Ghosh and Senapati (2001) [3; Muthukumar and
Kalyanasundrum (2003) ®%; VVarma and Anandhi (2008) (17,
Ghosh and Senapati (2001) ?Y; Tiwari et al., (2012) [06I;
Putta Raju, (2008) ®4; Raghuraman and Veeravel (1999) [¢*
2 Haseeb et al., (2009) [?> I recorded the relationship of
beetles with the environmental factors and concluded that
environmental factors played a major role in the activity of
beetles. Sometimes their population gives positive correlation
with the environmental factors while sometimes gives
negative correlation.

Beetles are active throughout the crop season and starts
damage from first week after transplanting. They hibernate in
winter in the heaps of dry plants, cracks and crevices or in the
soil. Due to its polyphagous nature survivability is more in
both on and off seasons. The population of beetle depends on
the abundance of food availability and the activity of the pest
is more prevailing during the when the average temperature
and humidity are about 20 °C-30 °C and 80 percent
respectively (Mall et al., 1992; Iftekhar and Khan, 1980;
Suresh et al.,1996; Grewal,1988) [49.26,100,22]
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Behavioral, genetic, and ecological determinants of
oviposition behavior persuade preference for plants and plant
parts in insects (Thompson and Pellmyr, 1991) [%%  Food
plays a very indispensable role in oviposition as it provides
nourishment to the ovarioles that eventually results in egg
laying. Both oviposition and feeding of the adults as well as
the larvae is distressed by the temperature (Bind, 1998;
Pervez and Omkar, 2004; Tilavov, 1981) [7.59 1051,
Resemblance in size and appearance results in overlapping
distribution of these beetles and sometimes their feeding
habits also baffle the researchers (Froggatt, 1923) 71, The
crest period of infestation of these beetles generally varies
with the regions involved. In general the peak activity of this
species has been noticed from July to August where both the
imago and the larvae energetically feed on the epidermal
tissues of the host plants (Khan et al., 2000).

Symptoms and nature of damage

Brinjal is highly prone to hadda beetle infestation and is one
of the most favourable host plants of hadda beetle
(Dhamdhere et al., 1990) 3 4 which have huge economic
impact on the crop which sometimes may go up as high as
100 % (Butani DK and Jotwani MG., 1984) [, Different
species of hadda beetle have been reported to attack brinjal of
which H. vigintioctopunctata is the most predominant species.
It seems to inflict considerable damage to plant foliage
(Butani and Verma, 1976; Kalra, 1997; Shankar et al, 2010)
[9.34,901 |t is highly destructive at both, adult and larval stages,
which feed on the epidermal tissue of leaves, flower and fruits
by scraping the chlorophyll content and cause a big yield loss
(Imura and Ninomiya, 1978; Srivastava and Butani, 1998;
Ghosh and Senapati, 2001) [27.96.21],

All the stages of beetles can found on the plant foliage which
are mandibulated having chewing type of mouthparts which
scrap the chlorophyll in between the veins and lower
epidermis of leaves in characteristic manner leaving behind
stripes of uneaten areas. They don’t swallow solid food
material. Both larvae and adults chew of leaf, masticate it and
suck the plant juice (Robert, 1978) B4 as a result
skeletonisation of the leaves will happened which present a
lace like appearance, later dry up and gradually fall from the
plants (Rajagopal and Trivedi, 1989; Kalra, 1997) ['4 7534 In
severe infestation, even the calyx of the fruits may also be
infested (Varma and Anandhi, 2008) 1% and all leaves may
be eaten off leaving only the veins intact.

In grub-infested leaves of eggplant, fully damaged epidermis,
parenchyma cells and phloem cells of vascular bundles are
generally noticed (Mohanchander et al., 2013) 3. The grubs
confine their attack mostly on the lower surface while adult
beetles usually feed on both lower and upper surface
scrapping the green matter leaving behind only a network of
veins (Prodhan et al., 1990; Khan et al., 2000) 3. This
characteristic scraping made the leaves papery and the
infested leaves exhibited inter venal damage or holes.
Sometimes they also cause characteristic injuries on the fruits
(Rai and Gopal, 1975) I3, Due to its infestation during every
crop season, both quality and quantity of crop output are
adversely affected.

Biology

Mating

With the onset of warm weather, the adult beetles can be seen
in the fields flying and feeding. Mature adults start mating
after 2-3 days of emergence. A pair copulates several times
and each copulation lasts for approximately 1-3 minutes.
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Egg

Female lays about 200-450 eggs in 5-40 batches during her
life span and each cluster contains 15-50 eggs on the
underside of the leaf (Tyade and Simon, 2013; J. S. Tara and
Sonia Sharma, 2017; Qamar et al., 2009) [107. 30. 651  Freghly
laid individual egg is stalked & shiny and cigar-shaped,
tapering at top end, pointed distally and clustered vertically.
Bright yellow colour changed into yellow (Kaur and Mavi,
2005; Varma and Anandi, 2008) and ultimately to creamy
yellow at hatching. The egg hatches within 2-9 days (2-3 days
in summer, 4-9 days in winter). The average incubation
period of eggs is shortest on brinjal and development of grubs
is quickest (Dhamdhere SV et al., 1990) ['3 4 Because of
these reasons brinjal are the best oviposition choice for the
beetles (Jamwal VVS et al., 2013) B3I,

Larva

Newly hatched fleshy larvae are creamy white or light yellow
or dull blackish-green in color elongated and oval with six
rows of long branched spines on thoracic and abdominal
segments (Kaur and Mavi 2005; Qamar et al., 2009) [7: 651, At
first the spines are yellow, but later become darken on the
tips, and thus more conspicuous. The larval period lasts for 9-
18 days during which it passes through four different stars.
First instar larval stage generally did not move and feed on
tender foliage. Second instar larvae are well chitinised. This
stage moves on the under surface of leaves and scraped the
green matter in patches in a characteristic manner. Third
instar stage is swift in movement and fed on green matter
from both the surfaces of the leaves and even the twigs of the
foliage. Fourth instar stage is voracious feeder of the foliage,
completely scrap the green matter and skeletonized the leaves.
The full grown fourth instar grub stop feeding and the color of
the grub gradually faint and the body shrinks (Qamar et al.,
2009) [%9] at the time of pupation. During their earlier stages
the grubs are gregarious in nature but as they grow older they
tend to split into smaller groups.

Pupa

The fully grown fourth instar grubs stop feeding and attach to
the underside of the leaves or stem by the posterior end of
their bodies by means of sticky secretion and spend about 1-2
days in pre-pupal stage (Varma and Anandi 2008; Qamar et
al., 2009) [109. 110. 8] pyna is hemispherical (Kaur and Mavi,
2005) B or oval in shape and dark in colour. The newly
formed pupa is shining yellow or orange but turned creamish
brown with spots on the dorsal surface. Its anterior portion is
smooth while posterior region is spinous. Pupa resembles the
grub but is mostly darker in colour, although it sometimes is
yellowish in colour. Pupa bears spiny hairs on the posterior,
but not on the anterior part. The pupal period lasts for 3-6
days (Verma and Anandhi 2008 and Qamar et al., 2009) [0
81 but in certain cases it may extend further after which adult
beetle emerges out.

Adult

The newly emerged adult is shiny yellow in color later
changed to copper brown color (Kaur and Mavi, 2005) (7
with a bronze tinge mottle with black spots (Varma and
Anandi, 2008) [10% 1191 Body is spherical with convex dorsal
surface and flat ventral surface and gives appearance of ‘D’
when viewed from side (Qamar et al., 2009) %31, Adults are 6-
7 mm in length and 5-6 mm wide with black head and the
whole body is covered with fine short hairs. Beetles have 28
black spots on the elytra. Beetles with 14, 16, 18, 20, 22, 24
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or 26 spots can also be observed due to mating between
females of H. dodecastigma and males of H.
vigintioctopunctata. Adult males are slightly smaller in size
than adult females.

There are 7-8 generations of the epilachna beetles during
March-October in plains and 1-2 generations in hills. During
hot summer days their population declines considerably,
whereas in winter the beetle hibernates inside soil or in the
heap of dry leaves around the field. The adults are voracious
eaters and survive for 4 weeks to 6 months. Life cycle is
completed in 17-18 days in summer but in winter it may
prolong up to 60 days.

IPM

The management of beetle was based on synthetic pesticides
due to their quick and knock down action (Jagan Mohan,
1985; Ghosh, 1986; Samanta et al., 1999; Das et al., 2002;
Liu et al., 2003) [BL 19 8. 11 48] Frequent and indiscriminate
use of pesticides in the vegetable fields for insect pest
management results in various environmental and ecological
problems such as widespread development of pest resistance,
undesirable effects on non-target organisms, presence of toxic
residues in food, outbreak of secondary pests ((Subramanyam
and Hagstrum, 1995; Kranthi et al., 2002; Hagen and Franz
1973) %8 39, 241 |ong persistence, bioaccumulation, health
hazards (Bhaduri et al., 1989) B! and environmental pollution
(Devi et al., 1986; Fishwick 1988) 1?1, These problems have
highlighted the need for development of new, safer and eco-
friendly pest control measures.

The insect pest management is the application of technology,
in the context of biological knowledge, to achieve a
satisfactory reduction of insect pest numbers or effects and to
maintain the pest population below levels that cause economic
damage. Insect pest management may be grouped into
physical, mechanical, cultural, biological, chemical,
hormonal, genetical and legal practices. Few tactics are
preventive such as physical and mechanical measures, cultural
practices and legal control that prevent the insect to attain a
pest status while others are curative such as biological,
biopesticidal and chemical control that reduce the number of
insects infesting the crop or human belongings.

Integrated Pest Management strategies are totally safe to non-
target organisms, millions of untrained users, consumers and
eco-system. It also helps to increase the biotic factors and thus
maintains a natural pest control in a sustainable way Since
IPM involves close observation on population dynamics,
growth and related decisions about the correct control
measures which are to be used for managing the pest
population for sustainable crop production (Kumar, 1987) 4,

Physical methods

Collecting and destroying the adult beetles, grubs and pupae.
Shake plants to dislodge grubs, pupae and adults in a pail of
kerosenated water early in the morning.

Cultural methods

Management practices during cropping season may reduce the
beetle population in the fields but again the population rebuild
in a certain period from the alternate hosts to the main crop.
For effective management of pests, alternate hosts and its
interaction should be known and the fields should be kept
clean.

Mechanical methods

By using mechanical methods H. vigintioctopunctata
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population can be maintained at levels below the economic
injury level (Karmakar and Bhattacharya, 2000) 361,

Resistance varieties

Rajendran and Gopalan, (1998) ["8 screened the brinjal seed
samples for resistance to H. vigintioctopunctata and reported
that among 103 accessions only 9 entries were rated as
resistant, 17 as moderately resistant and 77 as susceptible. Of
the hybrids tested, only EP24/ 65 alone was moderately
resistant, but all the wild accessions were resistant except S.
macrocarpum (BE-046/EP154), which was rated as
moderately resistant.

Natural enimies

Using parasitoids is a large potential tool in IPM. Natural
enemies contribute to a significant levels of immature stage
mortality of Hadda beetle and are potentially important in pest
management in commercial vegetable cultivation. The
increasing pest status and abundance of hadda beetle has
raised a number of questions regarding the factors responsible
for its development, its natural enemy complex and
management under natural conditions. The interacting
components between natural enemies and prey should clearly
be understood to enhance or augment the effect of natural
enemies in a prey population (Rabb, 1974) 8],

The larval parasitoid, P. foveolatus and egg parasitoid
Tetrastichus sp. had been reported as parasites of
H.vigintioctopunctata by various workers (Jain and Bhargava,
2007) B2, Immature stages of beetles are subjected to attack
by number of parasitoids viz. Pediobius foveolatus Crawford,
Pleurotropis epilachnae Rhower, Tetrastichus ovulorum
Ferriera, Achrysocharis appannai, etc. (Lall, 1964) 43,

The parasitoids T. ovulorum, P. foveolatus, Uga menoni and
Bracon sp. parasitizing H. vigintioctopunctata remain active
in the fields from August (Venkatesha, 2006) [ to
December (Kaur and Mavi, 2002; Raju and Maheshwari,
2004; Dhamdhere and Dhingra, 1990; Rajendran and Gopalan
1997) [38. 79,13, 17. 771 and also from February (Varma and
Anandhi, 2008) [10° 1191 tg April (Raghuraman and Veeravel
1999) [ 72 parasitized the eggs, grubs and pupae,
respectively. The parasitization is highest in the fourth stage
instar and the adult parasitoids emerged from the grubs by
making holes in the posterior region.

Botanicals

The use of natural plant products with microbes and less
hazardous pesticides is considered to be an eco-friendly
proposition. Substitutes are being strongly conceived whereby
researchers are now paying much emphasis on the
biologically active indigenous plant products because they are
environmentally safe, biodegradable and cost effective
(Saxena et al., 1983; Ghani, 1998) [ 18 Plant extracts
contain botanical insecticides or phytochemicals that can be
used to repel, deter feeding, or limit reproduction and survival
of various insect pest species including coccinellid ladybird
beetles.

Naturally occurring plant products play an important role to
replace or minimize the excessive use of pesticides as they
constitute a rich source of bioactive components (Wink, 1993)
(1141 A number of researchers have reported various properties
like larvicidal, antifeedant, reproductive and growth inhibitory
properties against different insects of economic importance
(Singh and Saratchandra, 2005; Rahman and Talukdar, 2006;
Sharma and Rajguru, 2009) [+ 7. %1 As these botanicals
possess more than one active component, there will be less
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chance of development of resistance and easily biodegradable
in the environment.

Plant products like leaf extracts of Azadirachta indica,
Calotropis gigantea, Prosopis juliflora, Vitex negundo,
Pongamia pinnata, Lantana camara, Allium sativum extracts,
neem cake extract, neem oil, and Nimbecidine can bring
reduction in population (Murugesan and Murugesh, 2008) %41,
Azadirachta indica products viz. Neem oil, Neemark,
Bioneem, Nimbicidin, Neem Gold, Achook, neem leaf
extract, neem seed kernel extract (NSKE) can bring reduction
in pest population (Mane and Kulkami, 2010) 52,

Biopesticides

Rajendran and Gopalan (1997) '/l evaluated the biopathogens
viz. Bacillus thuringiensis var. kurstaki and the white
muscardine fungus, Beauveria bassiana on different stages of
E. vigintioctopunctata and reported that Bt used as a leaf dip
caused maximum mortality in the first instar grubs while the
adults were less susceptible to Bt whereas direct spraying of
Bassiana killed maximum first instar grubs and pre-pupal
stage grubs. The adults were less susceptible to fungus. The
mortality of beetles can be observed from the first day after
application of mycopathogen, Beauveria bassiana in the field
(Thurkathipana and Mikunthan, 2008) [%4l. Green muscardine
fungus, Metarrhizium anisopliae has the ability to suppress
both grubs and adults (Rajendran, 2002) L6,

Chemical control

The management of beetle is mainly based on synthetic
pesticides due to their quick and knock-down action (Liu et
al., 2003) 81, Insect growth regulators like diflubenzuron,
teflubenzuron and flufenoxuron has the ability to inhibit
complete egg hatching in adults of H. vigintioctopunctata
(Mala et al, 1992) 7. 48 while Teflubenzuron also has the
ability to make eggs sterile. Diflubenzuron applied at micro
quantity level is effective as potent larvicidal compounds
interfering with the moulting process besides affecting egg
hatchability and fecundity (Gupta and Dogra, 1994) 231 which
invariably reduces the population by nearly 95% in field.
Fipronil is the best chemical in controlling the beetle in the
fields and control both adults and larvae (Panda et al., 2005;
Qing and Hong, 2004; Qing et al., 2003) 57" 67 861 while
Cypermethrin is best in reducing pest population at all stages
of plant growth (Umapathy and Baskaran, 1991; Mandal and
Kumar, 2001) (1% 51 Spraying insecticides like etofenprox,
quinalphos and cypermethrin has the ability to show good
ovicidal effect (Mala et al, 1992) [“7 8l Insecticides like
dimethoate, fenpropathrin and fluvalinate are effective against
larvae whereas quinalphos, cypermethrin, deltamethrin and
fenvalerate are effective against both larvae and adults (Nagia
et al, 1992) [56],

Conclusion

Chemical control has its own limitations due to inherent
character of the pest to resurge at a very faster rate on one
hand and the problem of residual toxicity on the other due to
the frequent plucking of edible fruits. Environmental pollution
with insecticides has become a matter of great concern.
Highly residual insecticides can pass well beyond their
intended targets and may reduce populations of beneficial
insects and wildlife. Another major problem associated with
the use of insecticides is the development of insecticide
resistance in strains of several pest species. There are more
than 500 species of insects that have developed resistance to
insecticides. In addition, unfortunately, natural enemies of
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insect pests are more susceptible to insecticides than the
insect pests and are easily eliminated from the agro
ecosystem. Evidences of pesticide threats to human health and
economic effects have been documented in several studies (A.
C. Rola, P.L. Pingali, 1993 and J. M. Antle, P.L. Pingali,
1994) I 291 So there is every need to develop new IPM
strategies in which using the chemical pesticides is of least
priority. Conservation of natural enemies will help in
suppressing the E. vigintioctopunctata population in brinjal.
Research is still needed to critically evaluate the interaction
studies between pest and natural enemies and also new IPM
tools that safeguard the natural enemies. Keeping these in
view, more studies have to be conducted to determine the
pesticide natural enemies’ relation and parasitism intensity of
associated natural enemies. A number of plant products or
botanicals with a series of important properties such as;
insecticidal, antifeedant, repellent, growth inhibitory, chitin
synthesis inhibitor property and environmental friendly nature
attracted the attention of researchers in the direction of pest
control programme (Satpathi and Ghatak, 1990; Chitra et al.,
1992; Venkataramireddy et al., 1993; Prajapati et al., 2003;
Lee et al., 2004; Murugesan and Murugesh, 2008;
Swaminathan et al., 2010; Ghosh and Chakraborty, 2012) "
10, 112, 60, 44, 54, 101, 201 Research should be focused on the bio
pesticides which contain the extracts of pant parts having
active components that suppress the pest. There is a need for
further study over the effects of the ecological factors on
different life stages of H. vigintioctopunctata so that they
could be exploited in devising IPM strategy for effective
management. This will help to construct the life table and
biology of H. vigintioctopunctata to delineate and quantify
the role of bio-mortality factors.
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