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ABSTRACT

Investigation on population ecology and varictal preference of Aphix gossipi Glover
and Hennsepilachna vigintioctopunciaie (Fab,) were carried out on brinjal { winter crop)
during 1998 - 99 and 1999 - 2000 at Assam Apricultural University, Jorhat. Both the pesis
appeared on Lhe brinjal crop at the seedling stage during October - Noveniber and remained
in the field till maruriry of the erop. The population peaks of the aphid and the beetle were
recorded during January-Febroary {early reproductive stage ) and March { inuil npening stape),
respectively. Three coccinellid predators viz., Coccinella repanda Thunb., Menochilus
sexmacidenes F.and Micraspis discofor (F.)were recorded predating on 4. gossyp:i. These
predators showed sighificant positive association with the nymphal and adult aphid populations.
Bright sunshine bours had significant posstive eflect on aphid population build-up. Two parasitoids
viz.. fetrastichus sp. and Pediobius foveolarus Craw. were recorded on
H. vigintiociopunciata. The former parasitized eggs and early instar larvae and the later
attacked Lhe later instar larvae and pupae of H. vigintioctopunciata. Extent of parasitization
by fetrastichs sp.angd P foveolanes had significant positive relationship with egg mass and
larval and pupal populations of the beetle, respectively, Moming relative humidity exhibited

sipnificant negative relationship wilh the population of the beetle.

The population of A. gossypit and M, viprmnoctopunctaie followed negative binomial
distribution during both the years. However, distribution became poisson at low popalation
densities duning the initial and later phases of infestation. The clumpings of 4. gosyypd nymphs
and aplerous adult as well as of larvae, pupac and adult of A vginrivctopunctaid were, In
mest ofthe cases Jue to environmental heterogeneity and active behaviour of these vwo pesis.
lwao's patchiness repression and Tayler's power law confirmed the results, The optimum

saimple nwnbers decreased with the increase of population density.



Swodies were carried out on varietal preference of A, gessypic and H.
vigintioctopunctata under field and laboratory conditions. (M'the sixteen vaneties tested,
Aruna and 'K harua Bengena' were found resistant to aphid infestation, while Pant Sarorat,
K. 5-331 and Pusa Bindu were moderaiely resistant. Higher potassium (K ) and moisture conlent
and lower carbohydrale content in the leaves of resistant vareties reduced aphid infesiation.
'Kharua Bengena' was the only resistant variety against H. vigintioctopuncitata, whereas
Aruna, K8-331, Pant Samuat, 'Sagalisimgia’, Mukiakeshl and Pusa Krant were moderately
resistant 1o the attack. These varieties had significantly smaller leaf area, lower red colour
intensity of leaves, higher amoums of1annin and phenol, which were responsibie for their
resistance to the attack of (he beetles. No antixenosis factor of the brinjal varieties could be
associated with resistance of bminjal varieties against A, gossypil. Antibiosis factors in leaves of
resistant varieties adversely alfecled various life parameters of these two pests. The nymphal
penod and reproductive rate of the aphid and the larval period, pupal petiod, fecundity, rate of
ovipusition, adult longevity and sex ratio of the coccinellid were significamiy affected by varietal

Varialions.
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CHAPTER 1

INTRODUCTION

Brinjal is an important and a common vegetable crop grown (hroughout the
world. It usually finds its place as a poor man’s ctop, because it is a ready source of
essential nutrients to poar people besides generating income. As a vegetable, the boiled,
fied or stuffed brinja? fruits are real gastronoinic delight. [t has got much potential as raw
matenal in pickle meking and dehydration induswies {Singh ef af., 1963). Brinjal is very
tich in vivamins A, B apd C. Purple and green varieties are rich in crude protein and they
also contain higher amounts of calcium and iron than the white vaneties. The purple
varieties are also rich m essential amino acids (Fliick er al., 1978). Leaves and [ruils of
brinjal have some aywrvedic medicingl properties (Nadkami, 1927} It has been
recommended as an excellent remedy for liver complaints, used as appetiser, aphrodisiac,
cardiotonic, laxative, murani and reliever of inflammation. According to Choudhary

{1976a), white brinjal is considered good for diabetic patients.

Brinjal (Solanunt melongena L.) is a solanaceous plant species, grown in tropical
and seni-tropical climates throughout the world. It grows well upto an altitude of 1200 m
on light soils. 1t is an annual crop, which requires lang warm season {22 — 30°C) during
growlh and fruit maturation. Although cultivars differ in their response to temperature

variations and <an thrive well in winler season also. Bonjal is well adapted 10 both wet



and dry season cultivation but excessive ramnfall checks both vegetative grewth and

Nower formation {Chadha, 1993).

Ongin of bonjal is quite confusing. Many workers have mentioned that it is a
native of Asia as 5. melorgena have been found growing in India and Burma. Greek and
Romans did net know the species and in Europe, it was not known before the beginming,
of the 17" century (De Condolle, 1904; Vawvilev, 1928}, while many workers have given
contradiclory statements. The solid evidence of existence of brnjal crop in India came
from * Amar Kosha', 2 Sanskrit dictionary of 1100 A D, where it has bf_:en mentioned in
several vernacular names. Later on, it has been accepted that the first record of the use of

brinjal came from India (Bailey, 1949).

Bomal is an important commercial crop grown all over [ndia. Presently, it has
been widely spread throughout Tropical Asia, Tropical Africa, Tropical America and
most tropical and sub-tropical areas (Chadha, 1993). Flick et af (1978) mentioned Lhat
purple brinjal varety is widely used but other varieties that differ in colour, size and
shape arc known. Besides purple, the other colours of bonjal fruit may be white, light

green, pink amd black.

Brinjal occupies an area of 432,000 hectares in the workd with the production of
5.54 million tons with an average yield of 146 g/ha (FAQ, 1987). In {ndia, it occupies an
area of 2,992,770 hectares with the production of 31,24,487 1ons (Gill and Tomer, 1991,
although Som and Maity {1988) reported Lhat the actual area under brinjal cultivation in
Indiz is not possible to estimate because of its seasonal nature of cuitivation. Intemational

trade is negligible and the crop is consumed more or less locally. This crop is also grown



m great abundance n almost all the districts of Assam and 15 considered a magjor
remunerative cash crop among vegetables round the year. As per the records
{unpublished) maintained during 1998-99 by the Division of Horticulture, Directorate of
Agriculture, Assam, the siale occupies an area of 15,156 hecrares with a total production

of 2,310,631 tons per annum.

In India, brinjal crop is infested by nearly 30 different groups of insect and non-
insect pests, which include as many as 142 species of insects (Ayyar, 1963 Sohi, 1966;
Vevai, 1970; Butani and Verma, 1976; Hill, 1983). Of these, the pests of major
imporance are shoot and fruit borer (Lewcinodes orbonalis Guen), stem borer
(Euzophera perticella Rag), leaf roller {Eublema olivacea Walk), epilachna beetle
(Henasepilachra vigintioctopunctata B3, aphids (Aphis gossypil Glov. and Myzus
persicae (Sulzer)], jassids [Amrasea biguttuia biguttufa (Ishida)], lace wing bugs
(Uremtius sp.), red spider mite (Teframychus sp.) and root knot nematode [Meloidogyne
incognita (Chitwood)]. In Assam, cotion aphid Aphis gossypii Glover {Homoptera :
Aphididae) and epilachna beetle, Henosepilachna vigintioctopunciaia (F.) {Coleoptera :
Coccinellidae) ae among the major pests infesting brinjal besides shoot and fruit borer

{Borah and Saharia, 1985; Kalita, 1999}

Aphis gossypii Glov, 18 widely distributed in India, South East Asia, America,
Tropical Africa, Europe and Southemn Australia (Hill, 1983). It is a polyphagous pest,
attacking 2 wide range of planis belonging to 46 families (Roy and Behura, 1983). They
especially feed on cucurbitaceous and leguminous plants. Even though their principal

host crop is cotlon, they are alsa considered major pests of brinjal {Butani and Verma,



1976). The nymphs and adults of Lhis aphid are found in large numbers, sucking the cell
sap from undersurface of leaves and tender apical shoots. Heavily infested leaves tum
yellow, get deformed, curled and dry up causing serious reduction in fruit yield
(Agarwala and Raychaudhun, [981}. In addition, it also secretes ‘honey dew’, on which
fingus (Caprodium sn.) develops covering the entire leaf swiace and some shoots with
black sooty mould, which in turn mterferes the photosynthetic activiry of the plant and
resulis in poor plant growlh and undersized fruits (Bulani and VYerma, 1976} The aphid
makes its appearance in the brinjal field sometimes during 1he last week of October or
early part of Moveinber depending l.li:ll.'.lll the ¢limatic conditions and remains active till

next Apnl (Roy and Behura, {983; Kalita, 1999).

Epitachna beetle, Henasepilachna vigintiocropunctata (F.) is another common
pest of brinjal found all over India. It has a very wide distribution in South East Asia and
America, The beetle has 28-spots on the elyira. It is a serious pest of several solanaceous,
cucurbitaceous and leguminous crops in Assam {Borah, 1977; Saharia, 1985). The adults
and grubs of the phytaphagous coccinellid cause damrage to the leaves, tender parts and
sometimes fruits by scrapping the epidermel layer im a concentric manner. They
skeletonize the leaves and in epidernic. situations, Lhe crop yield is substantially reduced
{(Rai and Gopal, 1976). In autumn crop, this pest remains active from November 1o Apnl

or May in Assam {Kalita, 155%).

In Assam, brinjal crop suffers due 1o heavy infestmtion of these two pests, inore
particidarly the automn planted crop, despite the fact that more than 90 per cent of these

pesis are controlied by the use of modern synthetic organic insecticides. The extremely



ropid rale of mulliplication of these pests slands as 2 big bandicap 10 the effective control
meeasures ihat ight accourt for the doubifol return for the cost mvolved n underiaking
extra spraying operations. Om the other hand, persistent application of insccticide
adversely affects the naturel enemies and pollinators as well as increased insecticidal
residues in plant parts might cause sericus health problems arising from the chemical
control methods in recent years. This led to greater emphasis on the development and
evaluation of resistant varieties. But studies in ithis regard particularly on aphids and
epilachna have not been given due importance till date. However, there are a few reports
on use of brinjal as one of the food plants in host preference sudies against these two
groups of insecs {Duta, 1975; Borah, 1977). There are also preliminary reports from
dillerent pans of e country on vaneta) mactions of brinjal {mosily not recommended for
Assam) against aphid (Reddy and Biradar, 1990) and epilaichna beetle (Raj and
Kumaraswami, 1979; Rajendran and Gopalan, 1998). But such mere reports on reaction

of varieties do not provide ¢nough inlormation on the mechanism of resisiance.

The success of any pest management programume requires a thorough knowledge
of the population ecolopy including distribulion pamem, seasonal history, effect of biotic

and abiotic environmenlal conditions on pest population in different ¢rop slages.

The knowledge of the seasonal trend in populatien buildup of the pest species and
their natural regulation in numbers by the comnbined effect of biotic and abiotic
environmental factors are of paramount importance for proper planning of the pest
management strategy. Southwood (1977) pointed cut that change of the population

fluctuation to a state of stability is associated with an increasing duration of stability in



the biotic and abiotic environmenis and conversely, the slight changes in these
environmental faclors would adversely aflect the growth of the insect population.
Slosses ef al. (1998) slated that regulation of aphid pepulation densilies were governed by
gbiotic factors and population decline was regulated by abiotic factors while to some
workers, the incidence of brinjal aphid is related to relative humidity or sometimes, it is
due to cloudiness (Banerjee ef al, 1986; Chattopadhyay ef al., 1998). Similarly,
according to Abbas and Nakamura (1985), the population regulation of epilachna beetle
is mostly contributed by parasitism and starvation by overcrowding. In ;:&me other
reports, if was shown thal the density dependant monlality was not caused by starvation
and was suggested to be the effect of habilat in stabilizing populalion numbers {Hirang,
1985}. Therefore, it is not cnﬁclusively known, actually which factors play significant.
role in reducing population numbers. The impact of weather and natural enemies as a
whole is much more complex and has not been fully understood. Therefore, during the
present studies, efforls were made to determine Lhe effects of abiotic and biotic
components of the environment individually and in combination on the pepulation of

these insects.

The study on distribulion patiem of a population is of considerable ecological
significance. The spatial distribution pattiem adopted by an insact is an inlrinsic property
of the species (Taylor, 1961). It gives information about the behaviour of the population
besides providing a base for developing 2 sound sampling plan. It dc’u;:tmine.s the method
of interpreting population -:iata and can be used for measuring the size of the population

(Harcourt, 1961; Taylor, 1984). An understanding of the distnbution panem is also vital



to the analysis of predator-prey and host-parasitoid relationstups. Thus adequate
wformation about the distibution pattern of inse¢t population gives an insight to
formulate successful pest management strategies. Hence, an effort has been made to

understand the spatial distribution of these pests in auiumn planted brinjal crop.

The use of resistant vanety is a vital component mn the ntegraled pest
management system, Selection of genetically variable plant vaneties for the resistance to
a parlicular pest, in a particulsr environmental condition is an important aspect of
evaluating and selecting resistant varieties. Incorporation of resistance against one or
more insects is desirable to reduce the investment on insecticidal application (Raju ef af.,
1987). The use of resistant varieties has also 2ot #s own advarkages as it keeps 1the plant
and ils environment upnpoliuted and therefore it plays a great role in insect pest
management programme (Prasad, 1983). Thus an atrempt has been made to determine
resistance in brinjal varislies against these pests on the basis of (heir growth and
development in laboratory condition as well as (heir population abundance under field

conditions.

Another important aspect that needs greater emphasis is the detection of sources
of resislance in promising plant varieties. Resistance mechanism offered by a plant is
derermined by Lhe combined effects of both bio-physical and bio-chemical status of the
plmx (Rufener e al., 1987). It is thus necessary to determine and confirm the possible
mvotvemem of non-preference or amtibiosis factors in conferring resisiance 10 promising

varietics against the pest species.



In view of the above facis and paucity in our knowledge on two most imporiant
pesis of brinja) viz., Aphis gossypii Glover and Henosepilachna vigintioctopunctata {F.)
and realizing the importance of brinjal crop in the North Eastem state of Assam, Lhe

investigation was undertaken with the following objectives:

1. 1o know the seasonel hisory and population dynamics of 4. gossypii and

H. vigintioctopunctata under field conditions,

2. to find out the distribution patlem of 4. gossypil and H. vigintioctopunctata on

brinjal in field conditions,

3. to evaluate cerlain brinjal varieties for resistance/susceptibility to 4. gossypii and

H. vigintioctopuncitata, and

4, to ascerlain possible assogiation of physical (antixenosis based) and biochemical

(antibiosis based) plant varietal characters with resistance/susceptibility,
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CHAPTER 11

REVIEW OF LITERATURE

Rrinjal aphid, Aphis gossypii Glover is fast becoming a major sucking pest of
brinjal in Assam. The severity of damage and losses incurred due 1o the depredations of
this sucking pest of brinjal in Assam, had come to notice in the recent past. Previously, it
wias a minor pest of vegelables. Likewise, field information on seasona] 'Lnr:idenc.e,
reproductive biology, distribution partem, population dynamics and resistant host plant
studies were not available. Therefore, similar works oo othet or related species from

different tropical and sub-tropical areas were reviewed and presented.

The other common and major pest of bonjal, Lhe epilachna beetie,
Henosepilachna vigintioctopunciata (F.) is a well known pest of solanacgous crop in
Assprn. It skeletonises leaves end scrap iender apical parts as well as fnuts, resulting in
substantial yield loss. Despite a few works on its seasonal occurrence, biology and
control, all other works relating o the present investigations were from different parts of
India and other brinjal growing countries. Moreover, informalion on spatial distribution

panem of thic paat is peactically scanty.
L1. Population dynamics

The peneral tepdency of an insect species to increase in numbers in arder to

realise ils reproductive potential is counter balanced by verious environmental factors. In
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In Gujarmat, the infeslation of 4. gossypii on coriander field commenced from the
second week of December and the population increased upto the last week of January,
while peak population was observed during January and February (Ghetiya and Butani,
19953 and population of this aphid on colion peaked {43.053/plant) in the second formight

of October (Patel and Rote, 1995).

In an experiment on Lhe effect of temperature on seasonal changes of the survivai
rale of 4. gossypit popularion in the warmer region of Japan, Nozato and Abe (1988)
found that the survival rates of nymphs and apterous adults of A. gossypii in summer on
cucumber was low due to high temperature, whereas survival was higher on Cayratia
Japonica leaves due Lo lower air temperature. In winter, most of the aphids on Feronica

persica disappeared due to low temperature in Lhe [ield.

Senapati and Mohamy (1980) reported from Tamil Nadu that the incidence of
A. gossypii was high in August — October and December — January on cotton, grown in
kharif and rabi seasons, respectively. Cotton plants, 8 — 10 weeks old, succumbed to

aphid infestation more than those at olher prowth stages.

From Orissa, Roy and Behura (1983) reporied Lhat the number of alatae, apterae
and aymphs of 4. gossypii per leaf on comon sown as seed during 1978 — 79 showed

highest average population (44.02) during January.

Banerjee and Raychaudhuri (1987), while studying the incidence and reproductive
potential of 4. gessypii on brinjal in the field in West Bengal, found that the population of
the aphid peaked on Lhe old, young and tender leaves when the plants were 2, 4, 6 monlhs

old, respectively, but Lhe highest incidence was always on Lhe old leaves. There was a
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significant positive correlation between nitrogen content and reproductive activity of

A. gassypii for each of the leaf type.

In another experiment on population fluctuation of A. gessypii on brinjal in West
Bengal, Banetjee et al. (1986) found that the aphid population first appeared in October
and pesked in February, when the plants were 5 — 8 months old, The per cent alate
viviparous females in the populalion declined from October till December, then increased
again and reached a peak I April. The percemage of apterae increased from MNavember
to January. It was also suggested (hat a relationship cxisted berween the incidence and

relative humidity of the environment,

According o Araujo and Sales {1983), population dynamics of cotton aphids,
A. gossypii on cotlon was not affected by minimurn, maximum and mean temperatures,
relative humidity, direction or velocity of wind, evaporation rate, rain or (he number of
mature balls. However, increases in population were favoured by the presence of {lower

buds and by sunshine.

In Texas, Slosser ef af. (1998) monitored the abiotic and biotic regulation of
A. gossypii o cotton, They found that the peak densities of aphids and time of attainment
of peak populations were primarily governed by abiotic factors. Average aphid densities
were repulated by an interaction of abiotic and biotic factors but rate of aphid population

decline was regulated by biclic factors.

Chattopadhyay er al. (1996) studied the correlation of sensitivity of 4. gossypii
infestation on cotton to meteorological parameters at Akola, Maharashtra. They found

that cloudiness played an imporiant tole in the aphid population dusing the Gast
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generation. When cotton was in elongation slage, a drop in the mean temperature to
below 25°C could cause a sharp increase in the aphid population. If there were subslantial
increases in minimum Lemperature and relalive hurmdity and an appreciable decrease in
sunshine hours wilh occasional rain, aphid infestation was observed at high levels in
these days. Rainfail was found 1o be the predominant variable controlling the aphid

population in the ball formation stage.

Effect of ineteorological parameters on aphid population has been demonstrated
by several workers in the past (Gutierrez, 1987; Liu, 1986; Debarj, ef al., 1996 on Aphis

craccivora Koch, Aphis fabae Scop. and Brevicoryne brassicae L., respectively.

Hirano {1985} studied the population dynamics of a phyiophagous lady-beetle
Henosepilachna vigintioctopunctata (F.) in Japan, that includes 17 patches of host plants,
Overwintered sdults appeared in potato fields and began to oviposit in May. The first
generstion adults emerged late in June or early in July, and the potatoes were harvested
during this period. The adults then moved to fields of brinjal plants, tomatoes and other
crops, but oviposited mainly on brinjal crop. The second generation sdults emerged late
in July or early August and moved to overwintering sites withow oviposition. The higher
the edult density, the lower the rate of increase of the number of adult females to the next
generation. The number of eggs laid per female apparently decreased as adult density on
food plang increased. This density dependence was not caused by starvation. The patchy
nmature of the farmland habitsts seemed to have some effect in stabilizing population

numbers.
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A study of seasonal abundance of H. vigintioctopunctata on some solanaceous
host plants in Punjab by Ramzan er af (1990) revealed that the highest number of lhe
pest were found on Solanum xanthocarpum, reaching a2 maximurmn of 526.3 per ten plants

in March.

Peak larval and adult populations of H. vigimtioctopunctata on brinjal in Tamil

Madu were recorded to be 99 and 226 per 100 leaves, respectively, during January {(Raj

and lLakshmanan (1980} .

Makamura et af. (1988) studied the seasonal population fluctuation of
H. vigintioctopunctata on brinjal in Sumatra, They observed that after planting of brinjal
crop in the field, adult coceinellids soon colonized and oviposited profusely resulting in
rapid population growth for ! to 2 months, therealter the population increase was slowed
down dus to defoliation. Three to 4 months later, the plants came to fresh Fushing but
Jeal quality was less suitable for the coccinellids and as a resull, the population remained
low during Lhe rest of Lthe period. Adult population size fluctualed 7 1o 8 folds during the
study period. A life lable showed 1Eat parasitism and starvation by overcrowding were the

key monality factors for the immature stages.

Takeda et af. (1980} studied the seasonal population of H. vigintioctopunctata on
brinjal in Kakamnigahara, Japan. They observed that the overwintered adults of the beetle
appeared in early May, adults of the first generation in late June and early July, and those
of the second generation in August. Larval populahion declined towards the end of the

second generation.
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In Assam, Lhe only report of seasonal occurrence and population dynamics of a
phytophagous coccinellid, Henosepifochna dodecastigma Wied on soybean was made by
Devi (1988). She found that this pest was maximum in their pumber oh May sown crop
followed by February and November sown crops. Both temperature and relative humidity
exhibited significant positive correlalion wilh the populations in February and May sown
crops. Significant positive comelation also existed with rainfall in February and

November sown crops and with bright sunshine howrs in May sown crop.

in two separate experiments on ihe population dynamics of H. vigintioctopunctaia
under [ield conditions and seminatural as well as laboratory conditions in Japan,
Nakamura (1976 Banalysed the key regulatory mechanisms I11at governed Lhe population
density of the pest. In field studies, he found Lhat adults of Lhe first generalion emerged in
late June or early July, During this period, egg mortality was 27 per cent and was
aitributable mainly to physiological causes and cannibalism by larvae, while larval
mortality was due to starvation. Afier harvesting of potato, so many adults dispersed to
brinjal plant and olher solanaceous crops lhat there was & severe shortage of food
resulting in dispersal and reduction in fecundity. Some density dependant mechanisms
such as the regulstion of fecundity, egg cannibalism, competition for food among Lhe
larvae and adult dispersal played en imporiant role in the population dynamics.
Nakamura (foc. ¢it.) also found that the number of eggs laid per female in seuni-natural
condition decreased and the gg cannibalism by zdults increased with increasing parental

density. During larval stage, mnrtality was mainly due to food shortage. Thus, the density
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dependant regulavon mechanisms acting during the adult stage were the key factors

goveming varialions in total survival rates.

Veeravel and Baskaran (1994) reported that interspecific competition between
A gossypil and H vigintioctopunciatia and intraspecific competition among aphids
existed in brnjal ecosystem. They found Lhat aphids were able to eliminate Lhe
coccinellids from plants within abour 4 to 8 weeks. Significant intraspecific competition

within aphid population was seen at densities of 60 and above per plant.

2.2. Natural enemies

Predators, parasitoids and pathogens are important biological agents that play a
vital role 1n the maintenance of delicate ecological balance in their own environment by
regulating the prey density it nature. These agents contributes dynamism to the prey

populalion trend.

Venugopal et al. {1977) observed three different types of coccinellid predators
predating on the natural population of 4. gossypii on bhentli. These were identified as
Menochifus sexmaculatus (Fab.), Coccinella septempunciate Linn. and C. repanda
Thunb. Out of these predalors, the first one was predominant over 1he aphid population.

There was a positive correlalion between predator and prey populations.

Rao ef al (1997) studied the biclogy of two coccinellid predators viz.,
M. sexmaculatus and Micraspis vincta on three species of aphids viz., Aphis craccivora
Koch, Lipaphis erysimi (Kith.} and A. gossypii on different crops. They found marked

differences in growih and development of predators in different host and food plants.
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According to Sugiura and Takeda {1998), 4. craccivora is the most prefered food
for M sexmactlatus (Cheilomenes sexmaculatus F.) than A4, gossypii. In their studies
carried out in Japan, Lthey found that the mean development of Lhe predatar from hatching
to acdult eclosion was significantly shorter in A. craccivera (18.0 days) than in 4. gossypif

(20.1 to 20.9 days).

In Assam, Sahariz (1985) recorded three coccinellid predators of aphids on

orimjal. These are C. repanda, C. septempunciaia and M. sexmaculatis.

In a study on population ecology of 4. craccivorg on green gram in Assam,
Barman {1992) obeerved six species of coccinellid predators of the aphid, ihe imponang
ones being C. repanda and Micraspis discolor (Fab.) with predatory eiciencies of 48.27

per cent and 32.80 per cent, respectively.

From Bangladesh, Haque and Islam ({1982) reporled Lhat single pair of

M. sexmaculofus consumed 24.0 to 66.3 numbers of 4. gossypii per day on chill.

In Manipur, Dev: and Singh (1997) recovered five species of syrphid predators
from population of M. persicee, L. erysimi and Brevicoryne brassicae Limn. on knolkhol.
Those are Episyrphus balteatus DeGaer, Ischiodon scutellaris Fabr., Sphaerophoria
indiana Big., Metavyrphus confrarer Wied and Betasyrphus serarins Weid. A significant

positive correlation existed between the population of syrphid predators and M. persicae.

Shi {1982) from Shanghai, reporied the hymenopterous parasite cemplex of
A. gossypii in cofion fleld. He recorded two peaks of parasitism by aphidiid, one in
second half of June and the other between 20% (o 30™ August. Binodoxys (Trioxys)

communis (Gah), T. rietscheli Mackauer, Aphidius gifuensis Ashm. and Lipolexis gracilis
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Forst. were primarily found in the field with regular occurrence, while Aphelinus mali

{Hald.) and A. abdominafis (Dalm) were occasionally present.

Dhiman and Kumar (1983) reported the brachoniid parasitoid Dineretielia rapae

{M'Intosh) on 4. gossypii in Muzaffarpur, India. The per cent parasitism was 3.44 10 6.66

on brinjal crop.

Palaniswami and Pillai (1980) recovercd threc species of hymenopteran
parasitoids belonging to family Aphelinidae lhat parasitized 4. gessypid on taro and
1annia. They were dphefinus mali (Hald.), Coccophagus cowperi Giv. and Aphidencyrtus

aphidivorus (Mayt.).

Palaniswami and Pillai (1981} recorded M sexmaculatus, M discolor and
M vincro predating aphids on edible aroids, whereas Stethorus gifvijrons Muls., was
obsarved to feed bolth on the mites and aphids. The mean aphid consumnption per day by
the grub of M sexmaculanus ranged from 15 — 18, while it was 10 — 18 in case of

M. discolor.

Atlakan and Ozgur (1996) stuched the fluctuation of natural enemies in the cohon
field infested by 4. craccivora and A, gossypii in Twkey. They found that
C. septempunctata preyed specifically on the aphid, whereas population of Chrypsoperia
carneda, Aphidoletes aphidimyza and Deraecoris pallens depended on aphid pepulation.
Aphid parasitoids Lysiphlebus fabarum and L. confusum were found in high numbers

during preliminary infestation by aphids.

From Meghalaya, Stary and Ghosh {1978) recorded two aphidiid parasitoids viz.,

Aphidius colemani Vier and Ephedrus plagiator (Nees) in Aphis gossypii.
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In Pakislan, Chrysopa carrea Stephens larva could consume on an average 487.2

numbers of 4. gassypii during its developmental stages {Afzal and Khan, 1978),

In Assam, Kalila ef al. (1996) worked on biocontrol of 4. gossypii on brinjal by
Beauveria bassiona {Bals.) Vuill. They recorded 15.9] per cent natural infection of the

aphid during the last week of December.

Sheiia and Abraham (1981) reported a pentatomid predator, Cantheconidea
Sureliara (Wolf)} preying on larvae and pupae of H. vigintioctepunctata on egg plant in
Kerala. A single nymph or en adult consumed on an average 19 or 16 larvae or pupsae per

day, respectively.

Saharia (199() mentioned (hat praying mantid, Mantis refigiosa and some banded

wasps were predators of many different species of coccinellids,

In a study on population dynamics of H. vigintioctopunctata on brinjal in
Sumalra, Nakamura ef af (1988) recorded two species of Tefrastichus parasitizing the
eggs and Pediobius foveolatus Craw, parasitizing the pupae. Four species of coccineliids

were also reported as possible predatlors of the beetle.

Rajendran and Gopalan (1997} examined the potentiality of the eulophid parasite,
P. foveolatus on the grubs of H vigintioctopunctata in brinjal crop. They recorded
maxirmum parasitization of 49.5 per cent in August, 49.1 per cent in November and 47.1

per cént in September.

According to Raghuraman and Veeravel (1999), the average time for

development of P. foveolatus from egg to adult was 10 to 165 days on
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H. vigintioctopunctata infesting brinjal under laboratory condition, with 11.0 to 22.6

parasitoids emerging per host.

Abbas and Nakamura (1985) studied the lifr.: table of an epilachna beetle feeding
on bitier cucumber in Sumatra. The study indicated that egg mortality of the beatle to the
tune of 41.1 to 64.2 per cent wag atribuled to Terrastichuy sp. Another species of
Tetrastichus along with P. foveolatus killed 1.2 to 19.4 per cent of 47 instar larvae, and

P. foveolatus alone killed upto 59.1 per cent of pupae.

Toquebaye and Marchand {(1984) recorded the presence of a naturally occurring
microsporidicsis in the cucurbit coccinellid, Henosepilachna elaterii (Rossi) in Africa. It
was Mosema henosepilachnae found in eges, larvae and adults, but it did not kill the hast

mmediately.

Beevi and Jacob (1982) studied the relative susceplibility of stages of
H vigintioctopunciata to infection by Fusarium moniliformae var. subghuinans, They
found that third and fourth instar larvae were more susceptible to the fungus sulfeting
100 per cent monality afler 5 days of inoculation. The monality of first and second instar
were 90.7 per cent and 90.7 per cent, respectively, while pupae exhibiled 80.0 per cent

and adult 76.7 per cent mortality.
2.3, Distribution pattern

The study of distobution pattem 15 a pre-requisite for understanding the
population behaviour of a species. According to Taylor (1961), the spatial distobution
patiern adopted by an insect is an intonsic property of the species and an important aspect

of its stnucture. The distnbution bebaviour of an insect alfecis the precision of sampling,
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method of analysing dala and investigations on Lhe dynamics of pest populations when
changes in size are considered. Study of distributicn patiem is therefore used to measure
population size and description of the condition of population (Southwood, 1978). An
adequate knowledge of distribution further justifies the statistical analysis for suilable
transfommation of data Lo stabilize variances and to develop sound sampling plans needed

for formulating successful pest management strategies.

Denechere (1981) observed the disiribution of 4. gossypii on cotton plant, Lhe
relationship between the per cent of plants or leaves infested and the actual counted
population, and the variability of aphid numbers from plant te plant, led to the conclusion
that sampiling can be limiled to thtr; 6 upper leaves although aphid is fﬂmd mainly on the
lower panrt of the plant. He found that the population of 4. gossypif had an aggregated
distribution that could be determined by a negative binomial law and also determined the

size of the sample (number of plants) as a function of the mean.

Trumble ef al {1983} reported that spatial distribution of 4. passypil infesting
winter strawbernies in coastal California were initially overdispersed but became random
as populabion increased, as indicaled by results of Green's (1966} coelficient C, and
patchiness index. Distobution remains random afler population collapse, suggesting that
density-independent factors suppressed Lhem. Iwao’s regression gave similar results when

populations were temporarily siratified.

The spatial distnbution of egg masses and larvae of Lhe coceinellid,
H vigintioctopunctate was studied on brinjal from February, 1979 to December, 1980 by

Suman er af (1987). They found that egg masses were distributed mandomly with a
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tendency lowards aggregation at high densities. The larval and pupal population had
aggregated distribution. A good fit to the binomial distribution was obtained from the

larvae and pupae.

Edelson (1986) studied the distribution patiern of different insect pests including
A. gossypii on cantaloupe in Texas. He found that aphids were most abundant cn basal
parl of vines. He also e¢valuated sampling techniques for each species using relative
variation and suggested that precision could be increased by reducing Lhe arez sampled

and increasing Lhe number of samples.

Singh et @l (1990} reporied that the spatial distnbution of 4. gossypii was
aggregated at the end of Lhe season in apterous aphids on upland cotton in Punjab during
July to September. Envirorunental heterogeneity at low population in July, and innate
behaviour at high population were responsible for the aggregated dispersion of the

species.

Nath apd Nag (1996) stdied the spatial distribution patiern of the aphid,
A. craceivera Koch on french bean cultivars, viz., HUR-15 and VL-63 in Varanasi. They
found that the variance/mean ratio was lesser than unity indicating regulas patiem of
aphid population distribution. The binomial miodel did not confirm this but the three
approaches for generalised system of frequency curve showed Lhat the aphid pepulation

was regularly distributed in both the cultivars of french bean.

Barman and Dutta (1997) from Assam reporied that the alatae and apteras of
Aphis craceivora Koch dispersed in a 1egolar pattern m green gram crop. These two adult

forms of the aphid showed a tendency of clumping at higher population densities. Mcan
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chemp size indicaled that environmental heterogeneity in the crop habitat and active

behaviour of the apterae were the causes of clumping.

Zhang et al. (1998) developed the binomial count analysis based on the spatial
disribution and papulation density estimation of 4. gossypii on cotton seedlings in China
during 1991. Data consisting of 24 estimates of mean aphid density (m), variance {5°) and
the proporiion of plants (Pr} with no mere than T aphids was obtained. Taylot's power
Lsw fitted the data well (©* = .958) with he resulting slope {1.515) significantly greater
than 1, which indicated that spatial distnbution of the aphid was aggregated. Small T
values, particularly aphid [ree plants, could lead to spurious eslimates of m from Py.
A value of T from 10 to 15 was recommended o develop binomial sampling plans for

aphids on cotton seedlings because of relatively small sampling errors.

ADU-Gyamnfl and Morimeto {1997} studied the eflect of spatial distnbution on
mortality of the immatures and associated predators of the epilachna beetle,
H. vigintioctopunctata. They found that the monality of the beetle was higher in the
wniform distribution than wilh the clumped one. This mortality was because of the
dominant predators. Since predation was the major mortslity factor, and this was
contingent on prey distribution, predation probably acted wilh varying intensities in the

plots supporting the two different spatial distribution parems.

Burgio et al. (1994) cbserved that the spatial distribution pattemn of A. gossypii on
nmnel grown cucumber and melon in Italy, showed aggregate pattem disinbution of Lhe
aphid and to the rapid development of infestation in the field. The aggregation index was

oext significantly diflerent between years of study or sites and between crops.
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In Cotumbia, spatial distribution pattemn of 4. gosspii on colton was aggregated.

This spatial disiribution was interacied by natural enemies (Vergara and Galeano, 1994),
2.4. Plant resistance

Resistance of a plant to ingects as deﬁnﬁd by Painter {195]) is the “relative
amount of heritable qualities possessed by the plant which influences the ultimate degree
of damage done by the insect”. He stated that the inherent qualities were specific to the
variely, which imply existence of a resistance mechanism in the plant. He recognized
three inter-related bases or mechanisms of the phenomena of resislance, wiz., nob-
preference {antixenosis), antibiosis and tolerance. One or more of which is frequently
operating im resistant vardelies. A perusal of relevant literature reveals that (he plant
varieties exhibited varying degree of resistance or susceptibility to the insect attack, Plant
resistance is the most economical and ecologically safe method of pest management. It

avoids all hazards associated with Lhe chemieal control measures,
2.4.1. Resistance based on the popuiation pressure and plant injury

(Ganga and Nagappan (1983) reported the monthly feeding budgets of
H. vigintioctopunctata on two cultivated and two wild solanaceous plants. Rates of
feeding and assimilation by Lbe beeile on Solanum melongena L. are the highest,
followed by Datura fasiuosa L., Lycopersicon esculentum Mill, and Physalis minima L.,

whereas highest conversion rale was achieved by feeding on F. minima.

Mote (1978) screened 438 brinjal varieties for their resislance to jassid, Ammsca
bigutiulo Ishida under field conditions. On he basis of insect population, H-4, Round

Green, Dorly, Aushey, Long Purple, Pusa Purple Round, A-61, Jumblimulayam, White
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Green, Manjurigota, Round White, Black Beauty, Round Pwrple, American Black
Beaury, B-14 and Banaras Giant showed less number of jassid nymphs as compared to
others; whereas White Kalyanpur T;, Round Green, Round Purple, Long Purple, White
Green, American Black Beauty, Banaras Giant, Jumblimulayam and BR-114 had least
jassid injury.

Raj and Kumaraswami (1979) screened 41 varieties of brinjal at Madurai Lo locate
resistance ‘o M vipintioctopunciata based on visual feeding score. Ameng the varieties,
minimum damage to the leaf was noliced in Arkashirish, which was at par with
seventeen pther varieties. This variety was closely followed by Hissar Selection 1-4,
Shankar Vijay, Pusa Kranti, Pusa Purple Cluster and Arka Navoeeth. The maximum leaf
damage was recorded on the variety, Punjab Chemkib. Pusa Purple Round, Pusa Purple

Long, BR-112, .M. 311 and A-6] are also highly susceptible to the atlack of this beetle.

Sambandam ef af (1974, 1976) tested 114 brinjal varieties including wild
Solanum spp. for resistance to f. vigintiociopunceara, Out of which, Apple Green Flesh
and Pusa Purple Round were found to be moderately resistant and 5. rorum was highly

resistant lo feeding of this beelle.

In Assam, [s2baque and Chaudhun (1984) tested ten varielies of brinjal for
resistance to shoot and fruit borer, Lencinodes orbonalis Guen. They found that ‘Bhola
Bengena' was Lhe most susceptible and ‘Kuchia® was the least susceptible to the borer.
Other less susceptible varicties which was ar por with the variety ‘Kuchia® are *Nal

Bengena™, Pusa Purpie Cluster and “Chagolisingia™,
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Reddy and Biradar {1990} evaluated six varieties of brinjal viz., MDV),, Crengere,
C0,, Annamalai, Panruti Local and Kengeri for their relastive resistaice to the aphid,
A. gossypii under pot culture condilions. Apbid population build-up assessed at weekly
intervals indicated that amongs1 1he six varieties screened, Panmuti Local was the most
resistant (av, 10.16 aphidsTeaf in {986-87 and 8.60 aphids/ieal in %87} and Erengere
was found te be the most susceptible (62.24 and 65.88} followed by MDU, (47.09 and
4% .45), Kengeri (31.02 and 31.14), Anmamalzai (20.18 and 19.80% and CO, {13.65 and

14.79).

Jyani ef al. (1995) screened brinjal vaneties for their resisiance to different msect
pesis and diseases. Varieties such as Chaklasi Doli, Doli-5 and Pusa Purple Cluster
showed resistance to some extent. But none of the varieties showed resistance to

A. gossypii.

Prasad (1983) idemtified resistance in plants, viz., yellow zarson {29 cultivars),
brown sarson (30 cultivars) and rai (40 cullivars) against mustard aphid, Lipaghis erysimi
{Kalt.) by comparing mean aphid infestation index. Yellow sarson cultivar, [B-417 and
brown sarson cultivar, T-22 were less susceptible, while rai cultivar, IB-6380 was least

susceptible to aphid infeslation.

The relative performance of 83 Brassica germplasms against muslard aphid,
Lipaphis erysimi {Kalt.) infestation was screened based on aphid infestation index (0 — 5
rating scale). The screening revealed that two germplasms, viz., B-B5 glossy and RW-

White Gliossy were gradad as highly resistant, 1} germplasms as resistant and 21 as
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moderately resistant; whereas 42 were susceptible and 5 germplasms as highly

susceptible (Lal et al., 1997).

Rajendran and Gopalan (1997) screened 78 accessions of 'S. melongena, 15
hybrids and 10 wild Solanum spp. based on comparison of damage index of leaves fed by
H. vigintioctopunctata. Amongst the hybrids, EP 24 x 65 alone was moderately resistant.
Al the wild accessions were resistant except S. macrocarpum (BE-046/EP154), which
was moderately resistant. Among the 78 cultivable accessions screened, none was

resistant, but 15 accessions were moderately resistant to spotted beetle.

In another experiment, E{ajendran and Gopalan (1998) screened 103 brinjal
cultivars against . vigintioctopz;ncrata, out of which 9 entries were graded as resistant,
17 as moderately resistant and 77 as susceptible based on damage index, that involved
only intensity of leaf damage under cage studies in the field. Among the hybrids,
EP24 x 65 alone was moderately resistant and others were susceptible. All the wild
accessions were resistant except S. macrocarpwﬁ, which was moderately resistant. The
mean percentage of leaves affected in the moderately resistant entries varied from
22,5~ 42.5. Similarly, the mean leaf area damaged in 24 hour under caged studies ranged

from 0.52 - (.68 cm®.
2.4.2. Resistance based on comparative biology and ethology

Open field screening often does not permit identification of individual resistant
plants in segregating plant populations because plants are usually rated on a plot basis.
A laboratory non-preference method therefore, often deployed or suggested as a bioassay

that would complement field screening methods (Kogan, 1972). In this regard, relevant
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Beerature periaining Lo Jaboralory screening of the concemned species ar closely related

species were reviewed for drawing conclusions.

Phukon (1976) studied the effect of different solanaceous host plants viz., potato,
night shade and briajal on the development of K. vigintioctopunctalz in Assam. He found
that larval and pupal duration lasted longer on brinjal ie., 21.00 days and 5.93 days,
respectively, while night shade was the most favoured food, where larval duration (14.95
days) and pupal duration (4.34 days) was shortest, Adult lived 36.6 days on brinjal and
$0.6 days on night shade was \he longest. Fecundity was wore 1o beetles fed on night

shade (326.0 egg) and least on brinjal {134.66 eggs).

Borah (1977) studied the effect of food plants on Jarval and post larval
development of H. vigintioctopunctate in 10 different cucurbitaceous grops in Assam. He
recorded (hat grubs and - adults preferred leaves of sweet gowd (Momordica
cochinchinensis Spreng) and it was the most preferred host as indicated by shoni larval
duration {12.7 days) and sherer development peried {21.28 days), while cucumber was
the most unfavoured food with a larval duration of 19.5 days and total developmental
period, 29.48 days. The leaf atea consumption per grub or adult per 48 hours by a single
choice host (ests measured 26.24 sq. cm and 27.55 5q. cm on sweet gourd, respectively,
was the maximum. However, the leaf area consumption of the beetle according to [mura
mad Ninomiya (1998) on a weed Solgnum carolinense was 1429.5 mm’, consumed by a
tarva during ils entire developmental pericd and 2510.9 mm’ by an adult during first 10

days of its emergence. Whereas Phukan (1976} recorded feaf area consumption by a grub

and an adult of the beetle to be 6.69 5q. cm and 6.25 sq. om per day, respectively.
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Microscopic examination of stylets and sheaths and probing behaviour of the
melon ;dphid, A. gossypii on resistant and susceptible musk melon, Cucumis melo L.
revealed pronounced differences in probing on the two lines. Relative to the susceptible
line, ‘Top Mark’, stylets and sheaths in the resistant line 91213, had significantly more
branches ending in the phloem. Aphid probing revealed that on the resistant plants, a
significantly greater percentage of the probes led to the stylet contact with the phloem
sieve cells, but a smaller proportion of the sieve cell contacts resulted in ingestion than
was the case on susceptible plants. In addition, the duration of periods of ingestion from

the sieve cells was greater on suscéptible than on resistant plants (Kennedy ef al., 1978).

Kennedy and Kishaba (19'}7) conducted a series of experiments to characterise
responsés of alate A. gossypii to resistant and susceptible musk melon, C. melo plants.
There was no effect on survival and reproduction of aphids, which were confined for 16
hours on resistant plants and transferred to susceptible plants. When given a choice, 51
per cent of uncaged aphids remained on the resistant plants as compared to 83 per cent on
the susceptible plants, indicating the resistant plants exerted at least a moderate arrestant
effect on the aphids. The weaker arrestant effect of resistant than susceptible plants

resulted in greater inter-plant movement of aphids on the former.

In a study on feeding behaviour of H. vigintioctopunctata in Luffa aegyptiaca
Mill., Sinha et al. (1977) observed that larvae are attracted mainly to the flowers in the
light, as are the adults of this species. In the dark, however, unlike the adults, the larvae

preferred the leaves, flowers and fruits and this behavioural differences presumably

reflects differences in the nature and function of certain attractants and arrestants
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contained in these parts of the plant. For feeding, the larvae show a preference for the

fruits, which again distinguishes them from the adults.

Sachan and Rathore (1979) evaluated the developmental potential of
H. vigintioctopunctata on 6 wild solanaceous plants viz., Solanum pubescens,
S. xanthocarpum, S. indicum, S. melongena, S. khasianum and Datura fastuosa. On all
the plant tested, larvae failed to develop on S. pubescens only. The average life span was
greatest on §. xanthocarpum and shortest on S. khasianum but died within a few days of
emergence without laying any eggs. The preoviposition, oviposition and post oviposition
periods also varied and were longest on S. xanthocarpum and shortest on S. indicum.
Fecundity was also highest on S. ;amhocarpum but lowest on D. fastuosa. More number
of males than females emerged on S. khasianum, while on S. melongena, females

outnumbered males, but according to Al-Iraqi and Farag (1986), the sex ratio was about

1:1 on squash.

According to Vasantha er al. (1986), the preference of third and fourth instar
larvae of H. vigintioctopunctata on the leaves of solanaceous plants was studied in the
laboratory. Brinjal was the preferred food plant followed by tomato, Datura fastousa,
Physalis minima and S. nigrum. Continuous feeding was not observed in S. torvum.
Assimilation efficiency was generally greater than 95 per cent on all the preferred food
plants. Third instar larvae, which were of small size and often died before reaching the 4

instar.

In a larval antibiosis screening test conducted on 14 soybean varieties against

Mexican bean beetle, Epilachna varivestis Mul., Rufener et al. (1987) found that larvae
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developing on susceptible lines like Beeson, Sprite and Williams were visually larger,
more active, had consumed larger amounts of leaf materials, had faster rale of
development and low mortality rates then larvae exposed to the more resistant Jines, such

as L76-0272, L76-0038, L-78-608 etc.

Ramzan et aif. (1990) reported that H. vigintioctopunctata completed its life-cycle
wore quickly on Solanum nigrum (22.4 days) as compared 1o olher solanaceous host
plants tested, although field population was highest on 5. xanthocarpum at the same time

dunng March.

Exukote {1950) iested the offects of host plants, viz, okra, comlon, melon,
groundnut on the fecundity of 4. gossypii In laboratory at 25°C, LD 12:12 end 55 per cent
relalive humidity. He found that fecundity was higher on okrs and cotlon, which

registered 5.16 and 4.76 nymphs per aphid per day, respectively.

Folcia et af (1996) studied the comparative development of
H. vigintioetopunctata on brinjal, Solanwm benariense and tomato in laboratory at 25°C.
According to him, brinjal was the most preferred food, where larval and pupal stages

lasted 24.4 + 4.52 days and 4.7 + 0.826 days, respectively.

Klingler et 2i. (1998) studied the effect of resistant musk melon, Cucumis melo
line AR-5 on feeding behaviour and performance of 4. gossypii. He showed that
resistance is expressed within Lhe plant rather than on jts surface, because (he time to first
stylet penetration was not significantly different between AR-5 and closely related
suscepiible breeding lines PMR-5. Significant behavioural differences were observed

only afler stylets contacted phloein sieve elements. On AR-5, duration of salivation afler
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gieve element puncture was sipnificantly longer, and the number of aphids showing
phloem sap ingestion was significantly reduced. Monitoring of two genotypes showed
that aphid feeding was delayed and greatly reduced on the resistant genobype.
Comparisan of aphids life history, population development between host plant genotypes
showed that the effects of resistance acted throughout aphid development and highly

eflective in slowing down population increase.
2.5, Resistance mechapism

Insects are noticeably reluctant to colonize on some ndividual planls or on some
panicular strain of host plant and these plants seem to be less attractive to the pest by
virue of their texture, colour, odour or tasle. This mechanisms of resistance oftered by
such plants includes an array of physical and chemical characteristics that interferes with
locomotion, feeding, ingestion, mating and oviposition of insects {Norris and Kogan,
1980). Physical or non-preference based mechanism usually is revealed when the insect
refuses to feed, refrains from laying eggs, or less acceplable to plant colows elc, These
resistance are generally characterized by anatomical features such as thick cuticle, hairy
leaves or stems, plant height, age of the leaf, etc. On the other hand, biochemical aspects
usually involve the presence of various toxic or distasteful chemicals in the sap of the
tissue of Ihe plant, which effectively repel feeding or, sometimes to the extent that the

odour is suflicient to completely deter insects from feeding.

Details of plant resistance mechanism in bonjal crop against A, gossypii and

H. vigintioctopunctata are not sulliciently available in the available literature, Therefore,
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some related works in this field involving different plant and insect species were also

reviewed.
2.5.1. Non-preference based resistance mechanism

Painter (1951) speculated that cell wall thickness of epidermis of cotton leaves

might be of importance in imparting resistance to insect attack.

Hill (1983) reported that solanaceous plants often have peculiar glandular hairs on
the leaves and stems that exudes sticky substances which easily trap small insects like
aphids and even large insects like larvae of Colorado beetle. He also reported that hairy
leaved varieties of wheat in Nerth America was attacked significantly less often by the
cereal leaf beetle, Oulema melanopus. The female laid fewer eggs on the leaves and of
the larvae that hatched, fewer survived. Similarly, high density of these hairs on brinjal

leaf also supported fewer leaf hoppers Amrasca bigustula biguttula (Schreiner, 1990).

Certain aphids with shorter stylets are known to be prevented from feeding by the
thick parenchymatous layers covering vascular bundles (Gibson, 1972). Thick cortex of
wild tomato relative Lycopersicon hirsutum, on the other hand, prevented the potato

aphid, Macrosiphum euphorbiae Thomas from reaching the vascular tissues (Quiras

etal., 1977).

Kale e al. (1986) showed the varietal resistance of 32 cultivated varieties of
Solanum melongena and 4 wild types viz., . incam;m, S. xanthocarpum, S. khasianum
and S. sisymbrifolium against brinjal shoot and fruit borer, Leucinodes orbonalis Guen. It
revealed that the immunity of wild types and highly resistant cultivars of the other

varieties were attributed to dense pubescence with long, tuft and erect trichomes.
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Phukan {1976) studicd resislance of brinjal plants in compansen with other
solanaceous host plants, viz., potalo and night shade aganst H vigintioctopunctatu.
Resistance was believed to be associated with higher leaf pilosity of 67.70 per 9 5q. mm

in brinjal against 4.90 and 39.6 in putato and nighn shade, respeclively.

According 10 Levin {1973), the density and length of trichome branches in some

plants wete negatively cormelated with insect sarvival.

Reddy er al. {1980 reported that haininess on the ventral surface of leaf coupled

with leaf thickness iz responsible foc imparting wesistance against whitefly {Bemisia

fabaci G.).

Gilbert {1971) reported Lhat hooked trichoimes on l2aves trapped small insects and

the insects died of starvation and dessication.

Dariev et al. {1979) found Lhat Lhe less infestation of 4. gossypil on cotion was
due to leaves which had large numbers of glandules, hairs and mesophyll ceils, Cotton
leaves with 100 hairs per sq. mm completely prevented movements of insects, Wang
{1983} also suggested that these aphids show non-preference on pubescent cotlen variety

Kang-77, which was attributed to the marked pubescence of the leaves.

According to Wegm egf af. (1980), the leaf hair density played a mincr role in
Iimiting the aphid population, which conceded 5.8 per cent reduction in population of

Aphis craccivora Koch on cowpea.

Pigrce {1983) reported that some lines of lJuceme having erect and glandular hairs

on the stem that fights ofT pests such as spider mites, aphids and alfalfa seed chalcids.
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In a study on varietal susceptibility of ten brinjal varieties to jassid, Amrasca
biguttula biguttule 1shida, Mote (1982) identified mechanisms of resislance being density
and lengih of leaf hairs observed on varieties viz,, Muktakeshi {48.0 per sq. mm and
0.097 mm), Round Green (53.0 per sq. mm and 0.090 mun) and Kalyanpur T3 (37.0 per
sq. mm and (.096 mm). The number of eggs laid was larger on varieties such as Pusa
Kranti, Pusa Purple Long, Kalyanpur Tz and Black Beauty with leaf hair density 32.0,

30.0, 27.0 and 29.0 per sq. mm, respectively.

In a held study, Isahaque and Chaudhuri {1984} evaluated comparative
susceptibility of 10 vaneties of brinjal plants to shoot and fuit horer, L. orbonalis in
Assam. They showed that local variety ‘Bhola Bengena’ to be the most susceptible and
‘Kuchia’, another local variety to be the least susceptible to the pest. Varieties having
mound, oblong and oval fruits, broad leaves, Lhinly placed hairs on top intemnodes, less
lignified, less compact hypodermal sclerenchyma with narrow and less compact vascular

bundles were found to be more susceptible.

1 Upganda, Stride (1969} showed that cotlon lygus bugs, Taylorilygus vosseleri
Popp. was less msponsive to some red coloured varicties of cotton for feeding rather than

the usual green plants.

Herrera and Muniz (1979) studied the responses of Epilachna varivestis Muls. to
coloured surfaces in the laboratory. Coloured cards offered to the overwintering
generation adult 't;:eetles preferred black over all other tones and colours. The second
choice was red, followed by yellow, collee, green, blue, grey and white in the order,

while the third choice was yellow, followed by coftee, grey, green, blue and white. [n
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tesis with the post-overwintering generation (the first generation), black was apain the
most preferred followed by red, Preliminary field studies indicated that adults were

aitracted to vellow and white.

Pathek (1961) reported that the colour of the leaf might be a possible factor or
index for aphid resistance. He observed that light pale coloured leaves of Brassica
campestris were more susceptible to the aphid attack than Lhe varieties with dark

colaured leaves.

Nse (1937) showed that Pieris brassicae (Linn) butterflies were attracted to green
and blue green substrares where they could display a pre-cvipositional behavious, Yellow

substrate did not release such behayiour.

Devi {1991} observed that light gresn coloured leaves of cabhbage and cauliflower

harboured higher larval population of Pieris canidia.
2.5.2. Antibiosis based vesistance mechanism

McGarr (1942} indicated that increased level of nilrogen accounted for

susceptibility of cotion to cotton aphid, A. gossypii.

It is thought Lhat in some resistant plants, the pest suffers nutritional deficiencies,
resulting from the absence of certain essential amine acids (Hill, 1983). Acconding to
Davis {1972), for proper protein nutrition, insects require the common 10 amino acids

although quantitative requirement may vary to some degree.

Edward and Wratlen (1980) siated that reduced water supply acts indirectly an

insects by changing the nitrogen balance in plants,
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Shvewsava and Alibekova {1984) sludied the effect of the protein complex of
cotion on the activity of digestive enzymes of the cotton aphid, A. gussypd in USSR,
They showed that protein heterogeneity, proleinase activity and the erude protein content
couid be used as one of the criteria for determining the resistance of cotlon varieties to

sucking pests.

According 10 Banetier end Raychaudhuri {19871, brinjal leaves of varied maturity
showed remarkable vanations in respect to the rerention of tutrient comtents therein, The
contents also varied along with the increase of plant age. Amongst the nuirient content of
lhe leaves, mirogen level showed 3 sigmficant positive correlation with the reproductive

patential of A, gossypii leading to the population outbreak.

Gangs and Nagappan (1983) presented the monthly feeding budpets of
H. vigintioctopurtctata on two wiid and a few cultivated solaraceous plants. Rates of
feeding, assimilation and conversion by the beetle on brinjal ere 1.789, 1.1661 and
D.0185 mg/day/g fresh weight, on Lycopersicon esculentum 0.3205, 4.3125 and 0.0199
mg/day/s fresh weight, on Daturo fasruosa 0.8746, 0.865% and 0.0217 mg/day'y fresh
weight and on Physalis minima, 0.2378, (.2326 and 0.04B1 mg/day/g fresh weight,
respectively. The assimilation efficiency was above 98 per cent on all the four plants. The
highest mte of feeding and assimilation by the beetle on brinjal was due to higher content
of protein. There was a positive comelation between protein content of leaf with ingestion

and assimilafion,

Panda and Das {1975) investigated the preferential antibiosis in shoots and fruits

of resisjant and susceptible brinjal varieties and its adverse eflects on various phases of
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life hislory of Leucinodes orbonalis Guen, The survival of larvae, growth index and
pupal period were significantly less in resistant varieties than in susceptible ones. The sex
ratio and fecundity of moths were also significantly reduced in yesisiant varieties. Among
the chemicals, higher silica and crude fibre in the shoots of resistant varieties helped to
check the borer damage. The susceptible brinjal varieties had high tolal sugar content and
two essenlial amino acids. The sugar and amino acids acted as feeding stimulants in

susceptible varieties.

From a siudy 10 evaluate mechanism of resistance in egg plants and cerain wild
Solanum species to H. vigintioctopunciata, Sambandam ef al. (1976) concluded that
pieferential feeding and antibiosis were the main factors affecting resislance. They found
that susceplible accessions had the highest total of amino mitrogen, amino acids, starch,
crude fibre and polassium contents, whereas the moderately or highly resistant accessions
had the higher reducing and nan-reducing sugars, chlorophyll, phosphorus and tota)

phenol contents.

Flick er al. (1978) examined and compared the biochemical compositions of
purple, green and white varieties of egg plant as a nutritionally favoured food while egg
planis contained the greatest amount of sclids and green the lowest. Crude protein was
only slightly higher in purple and green epg plants than in white but both (he green and
while varieties contained more ash than did the purple. Crude fibre conlent was similar in
both*the purple and green egg plants, whereas the white vanety contained almost twice as
much. Ameng the (race elements, polassium was highest in the green and lowest in the

pwple variety. The amount of all amino acids was higher in purple egg plants than in the
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other varieties. Finally, it was suggested that purple egg plant varieties were Lhe maost

favoured food from the nutritional point of view.

Phukan (1976) studied the effect of host plants viz., potata, night shade and brinjal
on the development of & vigintioctopunciata under laboratory gondition in Assam. He
found that night shade was the most susceptible host followed by potato. The susceptible
host had higher crude protein (24.6 — 25.8 per cent} and lower Lotal soluble sugars (0.7 —
1.5 per cent) than the less susceptible brimjal cultivars, which had 18.6 and 1.70 per cent

crude protein and tolal sofuble sugar, respectively.

Negm et al. (1980) opined the tolal carbohydrate and soluble sugars were Lhe key
factors limiting the A. craccivora population on cowpea as it affecled 68.99 per cent of
the population changes. They expressed that amino acids plaved a minor role as it
brought about a mere 5.8 per cent of the changes. Only total carbohydrate, soluble sugars

and Ca"" played significant roles in aphids mortality.

In Assam, studies by Isahague end Chaudhun ({1984} on comparative
susceplibility of ten vareties of egg plants to shoot and fruit borer, L. orbanalis revealed
Lhat the high amount of sugars and proteins were more susceptible. Local vanety ‘Bhola
Bengena® was Lhe most susceptible which had 4.27 per cent crude protein and 5.62 per
cent total sugars, while another local variety “Kuchia’ was adjudged least susceptible to

the borer, which has 3.00 and 3.04 per cent crude protein and (otal sugars, respectively.

Kale et af (1986) screened out 32 cultivated varieties and four wild types of
brinjal for their resistance o sheot and fruit borer, L. orbonalis. They found all wild types

io be immune, eight and three cultivars te be highly resistant on the basis of shoot



40

infestation and (uit infeslation, respectively. Biochemical compositions in relation to
resistance revealed that meisture, crude protewn and ascorbic acid contents of the shoot
were not associated with the resistance, whereas, immune wild types and highly resistant
varieties had a combinaton of high silica and high crude fibre contents and

comparatively less ash and crude fat contents in the shoats than others.

Of (he eight wvarieties of egg plant screened for  resistance to
H vigintioctgpunictata, ‘Punjab chenakale’, 5M-204 and SM-195 showed moderate
resistance to the beetle. Low nitrogen (3.26 — 3.93 per cent) and potash {0.91 - 1.03 per
cent) and high amounts of phosphorus {0.41 — 0.48 per cent), tolal carbohydrates
(14.23 - 15.56 per cent) and phenols (0.40 - 0.44 per cent) of the host leaves were
mplicated with the moderate resislance of varieties to the epilachna beetle (Raju ef af,

1987).

The role of lannins in imparing plant resislaitce to insect was described by
Ishaaya {1986). He also stated (hat growth mhibition in insects by these compounds are
probably due to complex mleractions that include a lowered food inlake, decreased
activity of midgut enzymes and a reduced level of proteins and sugars in the

haemolymph.

Borah (1987) showed thar tannin in chilli played an imponant role resistant to
Polyphagotarsonemus latus (Banks) and Seirfothrips dorsalisy Hood. The study indicated
that, the damage caused by the thrips and the mites were inversely proportional to the

ptal tannin content of the plant,
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MATERIALS AND METHODS

The studies on population ecology and vanetal preference of Aphis gossypii
Glover and Henosepilachna vigintioctopunctata (Fab.) were carried out during 1998-99
and 1999-2000. The field experiments were conducted at the experimental field of the
Department of Entomology, Assam Agricultural University, Jorhat, situated 26°47' N
iatitude and 94"12' E longitude and at an altitude of 86.80 meters above mean sea level.
The laboratory investigations were carried out in the Department of Entomology, Assam

Agricultural University, Jorhat.

All the experiments related to population ecology were carried out on brinjal
variety "Pusa Purple Long” (recommended for Assam) and those related to varietal
preference were carried out on 16 cultivated brinjal varieties. The studies were carried on

winter crop which takes about 220-250 days to mature.

The materials and methods followed in different experiments are presented

hereunder.
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3.i. Seasonal history and population dynamics of 4. gossypii and

H. vigintioctopunctata

Seasonal population trends and population dynamics of A4 gossypi and
H vigintioctopunctate were studied on brinjal variety, Pusa Purple Long, in the
cxperimental field of Assam Agricultural University, Jorhat. The crop was grown in an
area of 450 sq. m consisting of three plots measuring 150 sq. m (15 m x 10 m) and
separated from each other by 1 m gap between plots. The seeds were sown (3 September,
1998 and 28 September, 1999) in a well prepared nursery bed (2m x 1m) provided with
temporary poly shade at the top. 'I“he seedling were transplanted {7 October, 1998 and 4
November, 1999) in different plots with a row to row spacing of 75 cm and a plant to
plant spacing of 60 cm. The crop was raised following the recommended package of
practices (Anon, 1997) except plant protection measures so as to encourage population

buildup of both the pests and their natural enemies without intervention.
3.1.1 Sampling procedure

Plant inspection method was wused for sampling 4. gossypii and

H. vigintioctopunctata populations during the entire crop season.

For sampling 4. gossypii, 15 plants were randomly selected from 3 plots (5 from
each plot). During the early crop growth stage (upto S leaf stage) the adults and th.e
nymphs were counted from all the leaves of the selected plants. During the latter stages of
the plant growth, the population was drawn from 6 leaves (2 from top, 2 from middle and

2 from bottom canopy) per plant.
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For samipling of H. viginticciopunciaia, 30 randomly selected plants were taken
from 3 plots {10 plants per plot). At the early stages of the crop the adult, larval and the
pupal populations as well as number of infested leaves were recorded per plant sanipied.

During the latter stages of the crop, these records were taken from twe branches of each

plant selected,

tor beth A gossypri and H. vigintioctopuncraig, samples wee taken at weekly

intervals starting from the day of Lheir appearance in the lield.

Weekly populations of 4. gossypis and N vigintiocropunctatn on bringal were
gubjected to time series 2nalysis {(Croxion and Cowden, 1964). The seasonal indices of

populations for different formight of the crop season were compured,

3.1.2 Meteorological parameters and their association with 4. possgpii and

H. vigintioctopunctate pepulations

Datly wenther dat, viz, lemperature {maximum and manimum), relative humidity
{moming and evenung), total rainfall, oumber of rainy days and hours of bright sunshine
for the entire pernod of study were coilected from the Meteorological Observatory ol the
Depanment of Meteorology, Assam Agricultural University, Jorhat (Appendix [ and 1)
The relationships berween Lhe meteorclogical lactyry and the pepulation densitics of
these pests were worked out by comelation analysis (Snedecor and Cochran, (967}
Pooled correlation co-glficient for the year 1998-99 and 1999-2000 was calculated by

following the inethods descnbed by Gomez and Gomex (19843,
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A1.3 Studies on natural enemijes

Naturel enemies of 4. garsypif and H. vigiatioctopuncrata were recorded as and

when ohserved on the selected planis while sampling population of these two pests.

The predatory coccinellids of 4, gossppil, were collected from the field and their
predatory efficiency were studjed {Saharia, 1981) under laboratory conditions. The aduit
predatory coccinellids collected from the fiald were kept iudividually in glass chimneys
{23 cm x 7.5 an} withowt any food for 24 hours. These starved beetles were offered 10,
20, 30, 40 and 50 aumbers of 4. gossypii individually in separste chimneys, which was
replicated thrice. The op open ends of the chimneys were covered with line muslin cloth,

beld tight with rubber band. The numbers of aphid consumed in 24 hours were recorded.

Predaiory efficiency was calculated as :
Number of prey consumed
Predatory efficiency (%6) = x 10¢
Number of prey offered

Other predators of A. gossypif encountered in (he field were also studied in the

SE TNANET,

Clusters of suspected parasitized eggs of H. vigintioctopunciata, collecled from
the field on each sampiing data were kept alongwith the substrate in glass chimneys (23
cm x 7.5 cm) for emergence of parasitoids. The chimoeys were covered with mustin cloth

o e open end,

Ten parasitized larvae of H. vigintioctopunciaia collected from the ficld were

placed singly over a brinjal leaf of medium maturity, fixed at the top of a water filled
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glass tube (7.5cm x 4,5cm} with a thermacork o ¢nsure ready supply of waler to Lhe leaf
peliole, which lengthened the wrgidity of the leaf. Everyday, leaves were replaced by
fresh jcaves. All 10 such tubes were covered by chimneys fitted with muslin cloth at the

open end. Observations were taken daily to record Lhe emergence of parasitoids.

Ten parasitized pupac of H vigintioctapunctata collected from the field along
with the subsirate were kept singly over a [ilter paper inside a covered peiridish (15 ¢m)
under laboratory conditions. All the pupae were observed daily for possible emergence of

parasitoids.

The relaiionships of extent of parasitization and predator population density with
pest population density were worked out by comrelation studies (Snedecor and Cochran,
1967}, Pooled correlation co-efficients for Lhe year 1998-99 and [999-2000 were

caleulated by following the methods given by Gomez and Gomez {1984}
3.1.3.1 Identification of gatural enemies

Fieid collected specimens of predators were dry preserved and parasitoids were
wet preserved in 70% aleohol. The coccinelid predators were identified in the Zoological
Survey of India, Calcutla, whereas the hymenopteran parasitoids were got identified from

the Department of Zoology, University of Calicut, Kerala.
X2 Distribution pattern of A gossypii and H. vigintioctopunctata

Distribution patterns of 4. gossypii and H. vigintioctopunciaia were studied in the

brinjal crop used for studying the population dynamics (described under section 3.1.)
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3.2.1 Sampling methods

Two plant inspection methods of sampling for both A. gdésypii and
H. vigintioctopunctata were adopted for ascertaining the distribution pattern of different
stages of these insects. In all the sampling methods, population of the immature stages and
adults were counted in situ at different growth stages of the crop. The first sampling was
done on the day of appearance of these pests in the field. A description of different stages

of the brinjal crop is presented in Appendix IV.
3.2.1.1 Sampling method for A. gossypii

PI(A)-1: Fifteen plants were selected randomly (5 plants from each plot) and in each
plant two leaves each froms top, midkdie and bottom strata of the canopy were taken as
sampling unit. At the seedling stage of the crop (up to 5 leaf stage), whole plant was
taken as a unit. The nymphs and adults of 4. gossypii from each selected plant and

sampling unit were counted.

PI(A)-2: From 10 randomly selected plants (at least 3 plants from each plot), three tender
leaves, three medium ieaveg and three coarse leaves per plant were taken as sampling
unit. Whereas in case of seedling, whole plant was taken as sampling unit. The nymphs

and adults on each leaf were counted.
3.2.1.2 Sampling method for H. vigintioctopunctata

PI(L)-1: From 30 randomly selected plants (10 plants from each plot), two branches were

selected. Before attaining two-branch stage, whole plant was selected as one sampling
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anil. Number of leaves, number of infested leaves, number of grubs, pupae, adulls and

eggs of the beetle per unit were counted.

FI{L) 2: From 20 randomly selecied plants (at least 6 plants per plot), one branch from
wop, one frown middle and one fron bottom were taken as sampling unit. Before a0aining
three branch stage, whole plant was taken as one sampling unit. Number of leaves,
number of infested leaves, number of grubs, pupae, adults and eggs per umt were

conmted.
3.2.1.3 Sampling occasions

Samples were dravwn al fortnightly intervals (corresponding to each phenological
stage of the crop) starting from the day of appearance of these pesis in the figld. Sampies

were taken during moming hours {7 am to 10 am).

312 Sampling siatistics for distribution pattern of 4 gessypii and

H. vigintioctapunctata

The mean population densities of A. gossypii and H. vigintioctopunctaia by
different sampling methods were worked out on each sampling date. Variances were also
cakculated for each sampling date. These population means and variances were subjectled

m soalyses oullined by Sourhwood {1978).
A1) 11 Variance Lo mean ralio

Variance to mean mtio (82/X) is the simplest way to determine the patlem of

distribution. When §* = X (Ratio equal to 1), it indicates random distribution. When
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§* « X (uatio <1}, the distribution is regular. Finally, when 8* » ¥ (ratioc >1), the

digtribution pattern is copagious or ¢lumped or aggregated.
3.2.1.1 Dispecsion paratieter oy sxpauent-k

The negative binomial distribution s described by two parameters, the mesn and
the exponem-k, The parameter ‘K’ is 2 measure of the amount of clupiping. The fatlowing

formwia piven by Scuthwood (1978) was used {o determine 1he exponeni-k.

)'g
k- 3 o where.
§.X X = dan

&5 = varance

If & -+ %, then clumping is low and there i a tendency towards randonness, When
k < B, then u wdicales high amount af agyregation. IT & < | or {ractiopal then the

distribution is toganthmic or bighly clumped.
3.2.2.3 Co~efficient of variation

The smaller the *k* value, greater is the extent of aggregation. whereas larger than
8 indicates thal the distribution is approaching puisson. This may be appreciated from the

elationship of 'k’ 1o the ce-efficient of variation,

/F

X

cV where,
§* = varance,

X = giean
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A.2.2.4 Index of mean crowding

The index of mean crowding (X*} was calculated foliowing the formula given by

Lioyd (1967).

Sl
X* =X + [___ -1 ] where,
X g! = variance,

X = mean
if the value of X* > X, then it signifies contagious distribution and if X* < X,
then it indicates random and regular distributions, respectively.
3.12.5 Lloyd's index of paichiness

Lloyd (1967) expressed the paichiness of distribution as the matio of the mean

crowding (X*) to mean density (X) i.e.,
x*
Paichiness Index = E—
X

If the value of this index is ¢qua} to unity, then it indicates random distribution
ad when the value of index is greater than or smaller than unity, then it signifies

contagious and regular distribution, respectively.
3.2.2.6 Index of clumping

Distribution pattern of a population can be found cut by caleulating the index of

clumping (1 pp ) given by David and Moore (1954),

52

-1 Where,

lpp= —
X §2= variance

X = mean
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Positive Ipn value signifies conwagious distribution while negative value signifies
regular distripution. ‘Whereas random distribuiion 18 ndicaied by 2ero doy vahaes.
3.2..7 Mean colony size
Tanigoshi ef af. {1975) gave Lhe formuia of mean colony size (C*) as
C*"=X*+] Where, X* = mean crowding

Lloyd called it as mean demand. This concept is wseful, when the sample unit

gontains ah eatice colony.
3.2.2.8 Mean clump size

The cause of aggregation can be confirmed by using the formula of mean clump
size (A) of Arbous and Kerrich (1951}
X

A= T ¥
2k

Where, X - mean, ¥ < 3 funclion with a f distribution at 2k degrees of freedom at

P =005

i A < 2, then clumping w due 10 micro-environmentat heteropeneity, and when

A > 2, then the clumping is caused by both environmental heterogeneity and intrinsic

behaviour of the insect.
3.2.2.9 lwao's patchiness regression

The regression method introduced by Iwao (19368} involves Lhe linear equation
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X*=a+ B X
Where, X* = Lloyd's index of mean crowding (dependent variable)
X+ mean density (independent variable)
o = the intercept on the ordinate or index of basic conlagicn
{} = Lhe slope of the regression line when X* is regressed on the X

or densily conlagiousness co-elhicient,

fwz0 and f2 1, than distribution is contagious and for regular distribution
g <0and {8 51 . Students t-tesis are employed to determine ifa =0 or L, orif p = ¢

or 1.
3.2.2.10 Taylor's power law

The spatial distribution of most organisms can be described by Taylor's power law
which provides a better description of variance mean relationships for a particular insect
than does lwao's patchiness regression. This vanance and mean relalionship was given by

Faylor {19461} as a linear aquation,

$" - aX® where 8 ~ variance, X = mean. a = sampling factor (constant for a
species ) b = measure of aggregalion (constant for a species). The equalion is further
illustrated for convenience, which fitted as a regression equation in logarithms as

expressed as

log (§8%) =log a+ b log X,
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Where, log a = intercept , b = regression co- efficient or index of aggregation
(constant for a species) and show Lhat, if b> 1, it indicates an aggregated distnbution; b =

1. & random disiribution and b < ], a regular distribuiion,

The fit of each data set to the linear regression method for both Taylor's power
faw and fwao's patchiness regression method were evaludted by co- efficient of

determination {R?) value (Johnston, 1963),

3} Optimum number of samples

The optimum number of samples to be drawn for estimating insect populalion
depends on the degree of accuracy desired. The following model of Ruesink (1980) was
adopted to calculate (he optimum pumber of samples (N} for reasonably accurate

estimation of species density froin a papulation, which is more or {ess homogeneousty

distnbuted.

Where. N = number of samples
$* = variance
C -+ desired level of accuracy expressed as a decimal (0.1 or 0.25).

X = mean number of individuals per sample
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When the distnbution is a clump and foliowed a negative binomial patiemn, then
the optimum sample number was worked out with reliability by the following formula

given by Ruesink (1980).

K+ X
N=
e X
Where, N = number of samples

C = desired level of accuracy expressed as a decimal (0.1 or 0.25)

X = mean numbot of jmividuals per sample.

k = exponent or dispersion parameter

34 Varieial resistance of brnjal variation against A, gossypii  and

H. vigintisctopunctata

The field end laboratory studies on varietal resistance of brinjal against 4. gossypif
and H. vigintiocropunctata were carmed out simultaneously in the experimental field and
i the laboratory, respectively, of the Department of Entomology, Assam Agricuitural
University, Jorhat, during 1998-99. Some of the laboratory studies were carried out in (he
Department of Agronomy, Depariment of Horticulture and Department of Biotechnology,
College of Apnculture, Assam Agricultural University, Jorhat. A few biochemical
analyses were done in the chemical laboratory of the Regional Research Laboratory,
Jorhat. The matenials used and the methods followed for the field and laboralory studies

are described below.
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Sizleen varietics of bnnjal were tosted for resistance against the two pesls {Plate
5 - 20). Five of Lhese varelies viz, Pusa Kranti, Pusa Purple Long, Puia Bhairav, Pant
Samrat and JC-2 are recommended for cultivation in Assam, two are local vaneties vir,
‘Kharua Bengena' and ‘Sagalisingia’, and the remaining nine varieties were found to be
promising in some other states of India. The sources of seed material and status of these

varieties are presented in Appendix V.

3.4.1 Irfestation and population build up of A, gossypii and H. vigintioctopunctata

an different brinjal varieties
3.4.1.1 Site and crop season

A high land measuring 4 m x 40 m (160 m”) of the experimental field of the
Department of Entomology, Assam Agricultural University, Jorhat was selecled for
eonducting the field experiment. This experiment was carried out on September sown

crop (winter crop} during 199% - 99.
1.4.1.2 Seedling raising, transpfanting and intercalitre operations

Secds of Lhe sixteen cuitivars of brinjal used in this experiment were sown on
3 September. Forly days old seedlings were transplanted on 14 October 1998 in Lhe well-
prepared field with a spacing of 73 ¢m x 60 cm. Each entry was randomiy planted in
three rows of 4 m eccommodating § plants per row, Each row was considered as a
replication {Rajendran and Gopalan, 1998}, The distance from the ndge of the plot to the
autermost plant was 50 ¢m on all sides. On one side of the border, along the whole length

of the varigtal trial experiment, at 4 distance of 1 m aparl, a susceptible brinjal variety,
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Pusa Purple Long was planted. This encouraged uniform natural inoculation of both the
insects into the vaneties. All Lhe intercultural operations were followed as per package of
practices (Anon, 1997). However, to atiract and maintain natural infestation of these

insects, no plant protection practices were adopted in the experimental plots.
3.4.1.3 Sampling technique for A. gassypis

For recording the natural infesation and population build up of 4. gossypii on
brinjal varieties, the plant inspection method was follewed. For this, three planis per row
of each entry were selected mndomly and aphid population on six leaves (2 Lop, 2 middle
and 2 botlown} per plant were counted jn situ, Observations on aphid population density
and percent mtensity were recorded at forinightly intervals starting from the crop age of
135 - 140 days duning which incidence of aphid was observed in all the brinjal varieties.
Observations were continued for eight forinights @ll the first week of April. The
screening and randang of varielies against 4. gossypii were dene based on following

scale.

Rank Population density of
A. gossypiifleaf

Highly resistant < 1.0

Resistant >10-<12

Moderately resistant =12-<1.6

Moderately susceptible =16-<24

Susceplible >24-<40

Highily susceptiblie = 4.0
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3.4.1.4 Sampling technique for H. vigintioclopunciata

Plant inspeclion method was followed to récord natural infestation and populalion
build up of M. vigintioctopunctata on brinjal varietics. For this, three plants per row of
each entry were chosen randomly to count the population of larva, pupa and adult of f.
vigintioctopunctata. The number of infested leaves on two branches per selected plant

were also counted in situ.

Observations were teken ot fortnightly intervels starting from the crop age of 155
- 160 days, when the beetle population mn all the brinjal varietics were observed. The

screening and grading of varieties againgt H. vigintfocropunctata were done based on the

foliowing scale.
Rank Populalion density of
H. vigintioctopunciwa/branch

Highly resistant <05

Resisiant >05-<1.0
Muoderately resistant >1.0-<20
Moderalely susceptible >2.0-<49
Susceptible >4.0-< 8.0

Highly susceptible > 8.0

3.4.2 Compurative biology of A gossypif oo differeat brinjal varieties

The life history of 4. gossypil wes studied on different brinjal varieties under
prevailing room lemperature and humidity conditions (Appendix II) of the laboratory to

determine varietal effects on different biological parameters of the aphid. Leaves of each
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of the 16 varieties were used to rear the aphids. The biological parameters were recorded

from two successive laboratory generations.

A few gravid apterous females of A. gossypii were collected from the brinjal field
and were released in a covered peiridish (15 cm) containing brinjal leaves to get

sufficient numbers of nymphs.

Three new bom nymphs were tansferred individually with a soft camel] hair brush
onto a fresh medium aged leaf of each of the brimjal varietics. The leaf was fixed on 2
thennacol plug of a glass tui:e (2.5 ¢cm x 6 cm) in such a manner that the leaf petiole
temained imimersed in water of the tubes (Plate 1). It ensured leaf turgidity and freshness
far a longer period of time. The tube was covered by a glass chimney (22 em x 10 ¢m).
The open end of the chimney was covered with fine muslin cloth so that the aphids could
noi escape {Plate 2). Four replications were kept for each varisty. Leaves were renewed
whenever necessary. A muohi-chambered teaf carrying box (Plate 3) made of thermocol
was used to avoid possible evaporation loss from leaves during itransit from Reld to
laboratory. Each of the sixteen chambers of this box was meani for the leaves of 3
particular variety and padded with moist cotlon before use. Each chamber was marked
wiih the proper crop variety code. The box was covered tightly with a thermocol cover

sheet by adhesive and brought to ihe laboralory for renewal of old leayes.

Obscrvations on differemt biclogical parameters of the aphid were recorded twice
duly (9 am and 3 pm). The parameters recorded were — developmental period,

reproductive  period, pre-reproductive period, post reproductive period, fecundity,



Piate 1.

Plate 2.

Flate 3.
Plate 4.

A brinjal feal fixed in & specimen tube foe rearing A, posiypél and
H. vigintinctopunciaia

Specimén tube - chimney assembly for rearing of A, gossypii and
. vigimiinctapaRciaia

A leaf carrying hox,

Cages with cullures of . vigintioctopunciaig
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reproductive rate, adult longevity and nymphal survival. The study was conlinued til]

completion of the second generation.
3.4.3 Comparative biology of H. vigintioctopunctata on different brinjal varieties

The life history of H viginiioctopuncrota was studied on the 16 brinjal varieties
under normal laboratory tempereture and humnidity conditions (Appendix III) to asceriain

possible effects of plant varietal characters on the biology of the beelles.

A field collected egg mass of H. vigintioctopunctata was kept for hatching with
the leaf substrate in a petridish (15 ¢m). Upon hatching, the first instar larvae were
transferred into fresh medium aged leaves fixed on specimen tubes (2.5 cm x 4 cm)
covered wilh chimneys as described in section 3.4.2. Laboratory culture of the
H. vigintioctopunclata was also mainlained inside cages to get ready supply of the

species (Plale 4).

In this way, three larvae per leaf were reared separately by providing leaves of
respective vaneties till they becane full-growm. Leaves were renewed daily. Five

replications were kept for each variety.

Larval penod and he per cent larval survival were recorded. The pupal period
was recorded on newly formed pupae lransferred into covered petridishes (10 cm).

Growth index was computed following Patil ef al. (1986). Adult emergence was also

recorded.



Plate 5. A plant of brinjal variety, Pusa Kranti
Plate 6. A plaat of brinjal vaciety, Pusa Bhairav
Plate 7. A plant of brinjal variety, Pusa Purple Long
Plate 8. A plant of brinjal variety, Pusa Bindu

Plate 9. A plant of brinjal variety, Pusa Utiam

Plate 10. A plant of brinjal variety, K5-331

Plate 11. A plaat of brinjal variety, Arens

Plate 12. A plant of brinjal variety, Arka Nidhi



Plate 13. A plant of brinjal variety, Arka Keshav

Plate 14. A plant of brinjal variety, Muktakeshi

Flate 15. A plant of brinjal variety, Neelam Long

Plate 16. A plant of brinjal variety, JC-2

Plate 17. A plant of brinjal variety, “Sagalisingia™
Plate 18. A plant of brinjal variety. Pant Samral

Flate 17, & plané of bringsl variely, AR-2

Plate 20. A plant of brinjal varicty, “Kharua Bengena®
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One pair of male and female adults obtained from rearing on each variety was
released in a glass chimney provided with fresh brinjal leaves of respective varieties.
Three replications were maintained and observations were laken daily twice to record

mating period, pre-oviposition period, oviposition period, fecundity and adult longevity.

For obtaining sex ratio in laboratory generations, a cluster of eggs (approximately
20 - 30 eggs) along wilh Lhe leaf substrale of each vamety were kept in a separate
chinney and the hatched out larvae were allowed to feed on fresh brinjal leaves till they
anained adult siage. Afier adult ewnergence, males and females were identified and

counted for each vanety.

Sex ratio in the field pepulations was obtained by collecting 10 - 15 numbers of
adults from each plot of brinjal varieties in separate specimen tubes and counting Lhe
males and females afer killing them in Lthe laboratory. Three observations were laken at

different time interval.

34.4 Leaf aren consumption of H. vigintioctopunciafa on dilferent varieties of

brinjal

The feeding experiment was conducted with freshly emerged first instar larvae of
H. vigintioctopunctata obtained from different vaneties of brinjal in the laboratory
experiment described under 3.4.3. A single larva, after 6 h starvation was allowed to feed
on a leaf of the respective brinjal variety. The leaf was kept in a ‘specimen tube -
chimney assembly’ (Plate 2} as described elsewhere. The experiment was conducted in a

similar manner with the larvae of olher instars and the adults as well. All the instars and
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the adult were preslarved for 6 hours afler moulting/emergence. Renewal of leaves were

done daily.

The leaf area consumed for each larval instar/adult were recorded afier 48 hours
of release. The consumed leaf area was measured by graph paper methed (Sambandam
er al., 1972). The outline of the area consumed was marked on a ransparent butter paper

and then measured by using a graph sheet.
3.5 Mechanism of resistance

3.5.1 Morphological resistance

ke

To find out the possibie association of morphelogical characters of the varieties as
antixenosis factors with resistance against A. gossypii and H viginiocropuncrata, leaf
thickness, pilosity, leaf area, foliege population, angle of leaf attachment, vein and veinlet

density, leaf colour end stomnatal density of different brinjal varieties were recorded.

3.5.1.1 Leaf thickness

Three leaves, one each from top, middle and bottom of the canopy of ¢ach variety
were collected at flowering stage. The leaves were cul into small bits. These bits were
meeried into a shit inade in a small sized potato tuber. Five secttons of the leafl were
obtained by cutling thin slices of the potato with a sharp razor blade. Six fine sections (2
ench from leaf of each strala) of leaf of each variety were Lhen placed under a compound
microscope. Thickness of Lhin leaf sections was measwed with stage and ocular

micrometers.
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31.5.1.2 Leaf pilosity

To detarmine the pilasity of brinjal varieties, three tender, three medium and three
old leaves from each variety were collected from the field at flowering stage. The leaves
were thoroughly cleaned and examined ynder a stereo-binocular microscope 10 record the
number of hairs present per unit area on both surfaces of the leaf. For Lhis, a square
shaped portion of siz¢ 3 mm x 3 mm was removed from a plain paper which was then
placed over the leaf under microscope. The number of hairs (pilosity) per 9 sq. mm of

leaf surface of each variety and each age group were counted.
3.5.1.3 Leaf area

To determine the leaf ares, (hree tender, thrée medium aged and three old leaves
of each variety were collected at flowering stage and were placed over e graph paper
(1 small square = 1 mm’} and their peripheries wers drawn on the graph paper with a
pencil. The number of squares present within 1he periphery was counted which gave the

: 2
area In miin .

31.5.1.4 Foliage populaton

To determine the folisge population, three plants of each variety were randomly

telected in the field and the leaves present per plant were counted in siu.
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15.1.5 Angle of leaf attachment

To determine the angle of atlachmient of leaves wilh the stem, two plants of gach
variety were selected mandomly in the ficld. The angle of atlachment of leaves at the top,

middle, and the bottom canapy were measured with the help of a prolractor i sifu.
3.5.1.6 Yein and veinlet density

To determine the vein and veinlet density of brinjal varieties, three leaves {one
each from top, middle and botiom of canopy} of each variety were collecied at the
flowering stage from the experimemal plots. The leaves were thoroughly cleaned and
placed under a cylindrical hand lens (10X) having an opening of 7 mm x 5 mm at the

distal end and the observed veins and veinlels were counted.
3.5.1.7 Leaf colour

In order to determine the actual leaf colour of different brinjal varieties, two fresh
leaves from the middle of the canopy was collected from the held at the fowering stage
of the crop. The leaf was placed under a Lovibond Tintometer (Model E-AF 900) for
recording the intensity of the red, yellow and blue colows. The colour imtensities of both

the leaf surfaces were recorded and the average was expressed in Lovibond scale.

1.5.1.8 Stomatal density

For determnining the number of stomatz present on leaves of different brinjal
varieties, three leaves (one each of tender, medium and oid age) were collecied from the

experimentat field at the flowering siage. To determine the stomatal density the adhesive
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peeling technique of Bai and Jos (1981) was used. The technique involved smearing a
small part of the leaf (under surface) with a resin adhesive into a thin film, which was
peeled off afier an hour. The impressions on the adhesive were directty examined under a

seres-binocular inicroscope (at 40 X and the number of stomata were counted.
31.5.2 Biochemical resistance

To identify possible association of antibiosis factors in brinjal varieties with
resislance against 4. gossypii and H. vigintioctopunctara, a quaniilalive estimalions of
beochemical constituents of leaves of different brinjal varieties, such as nitrogen, crude
protein, polash, crude fibre, moisture, tannin, phenals, free amino acids and carbohydrate

contents were determined, following slandard procedures as described below:
252 | Sample preparation

Roughly equal proportions of uninfested leaf samples from top, middle and
bomom canopy of each brinjal vanety were collected at 90 days after transplanting. The
keaves were washed thoroughly and one-fourth (by weight) of (he sample was kept
separately for determination of moisture conlent. The remaining three-fourth was oven
dried at 70°C till constant weight was reached. The dried samples were ground into fine
particles in an electric grinder end packed in separate polythene bags with proper varietal

mientification 1ag and stored in a desicator for biochemical analysis.



3.5.2.2 Nitrogen

Totwal nitrogen in the leaves of each veriety of brinjal was esthmated by Kjeltec
Auto Analyser-1030. The total nitrogen estimated was expressed in percentage on dry

weight basis.
3.5.2.3 Crude protein

The total crude prolein content in the leaves of each brinjal variety wag caleulated

by multiplying the total nitrogen content with the conversion factor 6.25 was expressed in

percentage on dry weight basis.

3.5.2.4 Potash

Potassium ccntent in the leaves of each brinja! variety estimated by flame
photometry method using KCl as slandard. Toial polash content in ieaf sample was

estimated from standard curve in percentage basis on dry weight basis.
3.5.2.5 Crude Mibre and moisture

The crude fibre and moisture contems of different varieties of brinjal leaves were
determined by following A.Q.A.C. (1980). Estimated contents were expressed in

percenlage on dry weight basis.
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Tanrin conlents in leaves of different brinjal varieties were estimated by modified
Folin Denis method suggested by Swain and Hillis (195%) using tannic acid as standard.

Tannin content was expressed in milligram per gram of sampies.

3.5.2.7 Phenol

To determine the tolal phenol content in leaves of different brinjal varieties, the
method of Bray and Thorpe (1954) was followed. In this method, (he mixture of ethancl
extract of leaves and Folin-ciocalteu reagent {indicator) in alkaline medium was used to
measure jts absorbance m spectropholomeler at 650 nm against a reagent blank and
standard curve was prepared. From the standard curve, (he conceniration of phenols in
the test samples was found out by using catechol as standard and expressed as milligram

of phenois per 100 gram of sample.

15.28 Free amino acid

Total free amino acid contents in the Jeaf samples were estimated by ninhydrin

method of Moore and Stein (1948) and it was expressed as milligram per gram of sample.

15.2.9 Carbohydrates

Determination of total carbohydrate present in leaves of each variety of brinjal

wag done by Anthrone method (Yem and Willis, 1954). The carbohydrate conten

(milligram of sugar) per 100 milligram of test smnple was expressed as percentage,



CHAPTER IV

EXPERIMENTAL FINDINGS

Results of the studies carried out dunng 1998 — 1999 and 1999 — 2000, on the
population ecology and varietal preference of Aphis gossypii Glover and Henosepilachna

vigintfoctopunctaio (Fab.) on brinjal are presented in this chapter.
4.1 Seasonal population trend of 4. gossypii on brinjal during 1998 - 1999

Data on mean population of nymphs and aduits of 4. gassypii are presented in
Table 1. The trend of popularion build up at different crop stage (Appendix IV} and Lhe
meteorological data {Appendix I) for the study period are depicted in Figure 1. Plale 21

shows Lhe infestation of A. gossypii on brinjal.

Incidence of A. gussypii commenced during the second weck of October
(14 October) i.2. one week after transplantation of the crop. The crop by Lhen, was at Lhe
- seedling (S;) stage with a population density of 6.93, 3.67 and 0.40 nymphs, apterous
adults and algre adults per plant, respectively. Till late vegetative (V) stage of the crop,
the population trend of apierous np!nds remained horizontal with not much fluctuations,
although alate adults reached & small peak at this slage dunng the third week of
December {23 December) wilh a population density of 0.93/6 leaves. Thereafter, in the
first week of January (7 January), Lhe pepulation of nymphs and apterous adulls atuained

a smal! peak of 14.40 and 5.26 per & leaves, respectively, whea lhe crop was at flower
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bud formation (R} stage. [Immedialely afier this, a shor decline in aphid population was
abserved which was followed by a sharp increase in population level of nymnphs (38.00/6
feaves) and adults (18.93/G leaves}) to reach the elimax in the fourth week of January (23
January) at lowenng (R;} stage of the crop. However, alate adult population of the aphid
staricd declining from that stage and [ipally disappeared from the crop at the [t
mnitiation (Rs) siage, during the [irst week of February (4 February). The population of
apterous aphids afler reaching peak also starled declining graduvally from the same stage
of the crop, which was accompanied by a sharp decline in population of nymphs o a
level of 5.40/6 leaves in Lhe third week of February (18 February). From this date of
sampling, the alate adults appeared in the crop, which gradually reached its peak (1.86/6
leaves) in the first week of April {1 April), at the fruit ripening (Rs) stage of the crop 2ad
later on population declined to 2 level of D.60/6 Jeaves in the Jast weck of Apnl {22
April), when Lhe crop was at declining stage. However, population ol nymphs and adults
gradually decreased from Lhe third week of February (18 February) onwards with few
shori nsing and falling phases lo reach a minimum population density level of 1.53
nymiphs and 2.53 adulls per 6 leaves, m the second week of April (15 April), when the
crop was at a declining stage and by lhe nexi week nymphal population totally
disappeared and adults numbered 0.33 and 0.60 per 6 leaves for apterous and alate fonn,

respectively. at the last stage of the crop.
4.1.1 lmpact of natural enemies on A. gossypif population during 1998 - 99

The predaiors, Coccinella repanda Thunb, Menochilus sexmaculatus F. and

Micraspis discolor (F.) (Coleoptera : Coccinellidae) were recorded as polentially active



Table . Seasonal popufation trends of 4. gossypii and 163 predators on brinfal dariag

1998-99
Sampling date ~ Crop "Population density of 4. gUsEypir Population density of predators
growlh {larva + aduitplant)
stage Nymph  Aptoowsadult Alateadull € repunds M sermaculans M. discolor

October 14 % (.93 367 0.40 0.00 0.00 (.00
21 4.40 1.30 0.33 .00 0.00 0.00
28 6.60 293 0.26 (.00 .00 {00
November 4 726 4.46 .26 (.00 .00 {100
11 ¥ 247 380 0.33 0. 0.00 (.00
18 6.53 520 0 026 0.20 0.00
25 4.5 1.0 13 0.13 0.4% 0.400
December 7 'R 540 446 026 .26 0.73 (.00
9 £33 180 0.20 0.13 033 (.00
16 7.46 3.20 .20 0.26 {.46 .00
3 L' 1.8 467 0.93 .20 {40 0.00
H 973 300 0.67 .20 8.33 &0
January 7 B 14.40 526 067 0.13 0.33 .20
14 10.53 5.06 .80 (.26 0.73 0.40
| R, 35.13 17.13 0.67 0.33 103 (.26
23 38.00 18.93 {33 033 1.33 (.60
February 4 R; 2343 10.06 XL {33 .93 1.13
17 20,06 7.93 {1.00) .53 0.66 0.93
18 5.40 37 040 0.93 .46 1.40
24 Ry 506 5.33 0.46 0.66 (.33 {.40
March 4 580 340 .53 {140 §.13 {1.50
1] Rs 5.13 2.60 0.66 0.66 .26 0.53
18 740 5.33 1.00 (.26 0.20 I 0
25 313 LR 1.53 0.00 0.26 1.53
Apri} 1 R, .00 3.53 1.56 013 0.26 0.66
3 3.06 1.93 1.33 0.00 (.20 (.46
15 1.33 253 | 4 (.00 ALY 0.46
22 g, 000 .53 0.6 .00 (4.0¢ 0.0

_———— s

Mean of 15 samples

* Dala represent mean population/plant in 83 stage and mean population/6 leaves/plant in
uvthor stages
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natural enemies of A. gossypii (Plate 24, 25 and 26). The data on population of these
three coccinellids are presented in Table 1 and the trends of their popuiation bujldup are
shown in Figure 1. C. repande and M. sexmaculatus appeared in the field at a low level
of 0.26 and 0.2¢ numbers per plant, respeciively, on 18 November when Lhe prey density
was at 6.53 nymphs, 5.20 apterous adulrs and 0.20 atate adults per & leaves. Thus, there
exisied a gap of five weeks berween the appearances of prey and predators. However, M.
discolor appearcd in the field three weeks before the prey population approaching iis
peak, [.¢. on 7 January, with a low population of D.éﬂ no./plent. The maximum population
of C. repanda, M. sexmaculatus and M. discaior were 0,93, 1.33 and 1.53 per plant on 18
February, 28 January and 25 March, respectively, when prey populztion trend was at
falling phase. Theic pogulation came down with the decling in prey population and finally
disappeared by & Aprl (C. repanda), 15 April (M sexmaculorus) and 22 Apnl (M.
discolor), respectively. Both nymph and apterous adult population of 4. gassypii showed
significant positive correlation with M sexmacedatus {r = 0.795, P = 0.0} for nymph and
r - 0.339, P = (.0} for aduit), while adult apterous showed significant positive correlation
with C. repanda {1 = 0.396, P = 0.05) (Table 2). Alalae showed non-significant negative

correlation with M. sexmaculatus,
Mo parasitoids could be recorded during the course of field studies.
4.1.2 Impact of meteorological factors on A. possypii population during 199399

The correlations between mean population densities of A gossppii and the

weather parameters (A ppendix [} were worked out and are presenled in Table 3.
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Table 2. Relationship of 4. gossypii
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The ey abiotic factors, viz., Eemperature {maximwn and minimum}, €vening
relative huoidity, total rainfall and number of rainy days showed negative corelations
with 4. gossypii population. Moming relative humidity and bright sunshine hours showad

positive correlation, However, all these correlations except those involving maximum and

mininun: temperatures and braght sunshine hours were not signilicant at P = ¢.05.

The nymphal population registered significant negative correlation with both
maximum temperature (r =- 0.517, P = ﬁ.ﬂI} and minimum temperature (v = - 0.584, P =
0.01). Simiarly, adult population also showed significant negative correlation wilh
maximun lemperature {1 = - 0.445, P = (0.03) and minimuin temperature (v = - L.567, P -
0.01). Positive significant correlation existed between bright sunshine hours and ihe
populations of nymphs {1 = 0.478, P = 0.01) and adults {r = 0.480, P = {.01). Total aphid
population (nymph + adult) too exhibited sipnificant negative comelation with maximum
temperature {r = - 0,503, P = 0.01), minimum temperature {r = - 8.588, P = 0.01) and

significant positive cormrelation with bright sunshine hours (r = 0.486, P = ¢.01).

Regression equations were computed (Table 3} for each significamt relationship
between aphid population and meteorological parameters. Regressions for nymphal
population of 4. gossypii were Y = 59.008 - 1.758X (maximum temperature), Y = 26.414
- 1.090X (minimum tewnperature) and Y = - 11.715 + 2.805X (boght sunshine hours).
The regression equations for adult 4. gassypif population were ¥ = 24426 - 0.681X
{maximum temperature), ¥ = 12,661 - 0.476X (micimum temperature) and ¥ = - 4.343 +

1.316X {bright sunabine hours). The regressions for overall mean population of this aphid



Tzble 3. Relationship of A. gossypii population with metearological factors during

1998-99 and 1999.2004
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were Y = 83,424 - 2.438X (maximum temperature), Y = 30.079 — 1.566X (minimum

temperature) and Y =- 16.063 + 4.223X (bright sunshine hours).
4.2 Seasonal population irend of A, gossypii on brinjal during 19992004

Data on field population of 4. gossypii recorded on different sampling dates are
tabulated (Table 4). Figure 2 shows the population trend and meteorological data for the

study period. Meteorological data are also appended in Appendix II.

Incidence of 4. gossypii starled soon afler ransplaniation of the crop. The initial
population were 2.73 nymphs, 1.20 aptlerous adulis and 0.60 alate adults per plant at the
seedling (53) stage of the crop, in the second week of November {1} November). At Lhis
sanie stage of Uhe crop the nymphal populalion slarted rising up gradually to reach a
density of 9.00/plant in the first week of December (2 December). But apterous adult
population MNuctuated in this period to atain population level of 1.40/plant on the same
datc of sampling. On the other hand, alate adult population initially increased to 1.33
‘plant in the third week of Novewnber (18 November) and thereafler population started
falling down gradually and finally disappeared from the ¢rop at the mid-vegelative (V)
stage, in the first week of January (6 January). Al the initiation of early vegewtive (V)
stage on 9 December, nymphal population declined to 5.93/6 teaves, whereas apterous
adult population bounced vp to 1.71/6 ieaves. Thereafter, the populations of apterous
aduli and nymph siaried declining gradually to a low population density of 0.46/6 leaves
in the second week of January (13 January} al V; stage of the crop. From 20 January
onwards, when the crop was approaching laie vegerative ["v’;j slage, ihe population of

apletous morphs again increased gradually and auained peak population densities of
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11.08 nymphs and 3.4¢ adults per 6 leaves at the fruit initiation {R3) stage in the fourth
week of February (24 February). However, in this period, alale adults reappeared with a
very law population density and remained active for four \;’ﬁﬂkﬁ and again disappeared on
18 February when the crop was er R, stage, From first week of March, (2 March), the
population of apterous aphids approsched the faliing phase of population tend and
slarted declining every week. On 24 March, when the crop was at fruit ripening (Rs}
stage, the populations of the apterous aphids stood at low levels of .36 nymphs and 1.33
adults per 6 leaves, by then the alate adulls slaried reappearing on the crop with a
population density of 0.16/6 leaves, which increased 1o reach its highest peak of 1.76/6
leaves in the first week of Aprl {7 Apnt). Thereaftet nymphel population disappeared
from the crop and apterous and alate adult populations stood at 0.16 and 0.53 / & leaves,

respectively on the last sampling date (21 April).
4.2.1 lmpact of natural enemies of A. gossypii during 1399 — 2000

The population trends of coccineilid predators, C. repanda, M. sexmaculatus and
M. discolor are shown in Table 4 md Figure 1. The first two predators were observed
after two and three weeks of appearance of A. gossypii, respectively, but later one wasg
scen after ten weeks of appesrance of the aphid. Then onwards, the predators were
recorded on each sampling dale. The populations of C. repanda, M. sexmacufatus and A
discafor atained the peaks of 0.7®/plasd (24 Febroary), 1.06/plant (18 February) and
0.93/plant (9 March), respectively. Significant positive correlations were obtamed
between the C. repanda population with the nymphal population of 4. gessypi (r = 0.668,

P = 0.01}, apterous adult population { = 0.820, P = (.0} and overall mean population of



Table 4. Seasonal population trends of 4, gessypii and its predators on brinjal during

199920
“S-nmpling date Crop ‘Population density of 4. gussypit Population density of predators
arowth {larva + adult.fplant)
Slage Magh  Apmemid Ygeaddl (' vl M oarime M droler
November 1] S, 273 1.3 0.60 0.00 0.00 0.00
18 144 140 1.33 0 £ (i ) LK
25 £.00 1.73 113 0.13 .00 0.00
December 2 .00 140 1.0¢ 033 0 0.4
9 v, 59 L 0.86 0.33 0.13 (.00
16 ’ .26 0.80 0.60 0.13 0.20 .00
23 1.93 1.26 0.30 0.06 0.26 0.00
30 (193 0.46 0.08 0.06 0.20 (.00
January & Vs X 0.53 .06 0. 013 0.0
3 (146 (.46 0.0 .06 .04 0.0
20 V) 2.86 033 {1.46 (.13 020 0.06
. 27 ® 476 1.0¢ {1.36 0.24 (53 0.26
February 3 R 453 133 {140 040 (L0 0.26
10 4.9% 1.67 {.20 (.58 .83 0.48
13 R £.53 213 {.00 0.63 1.06 058
YR 11.08 140 0400 0.78 0.92 063
March 2 2.53 2.2 0.00 0.56 0.66 0.53
9 By 1.93 1 &0 {1 0 .23 0.19 (X
17 1.53 113 (.00 .30 .13 .76
M Rs 1.36 1.53 0.16 0.26 0.33 {166
il 1.53 1.2 .93 0.06 0.26 043
April 7 0.93 0.6 1.76 0.00 .20 0.33
14 R, 0.00 0.26 1.46 .00 0.00 .13
21 0.00 0.16 0.53 000 000 0.00

Mean ot 15 samples

* Data represent mean population/plant in S5 stage and mean population/6 leaves/plant in
other stages
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the aphid (nymph + adult} (r = 0.737, P = 0.01). Significant positive correlations of
M. sexmacuiatus population were also found with nymphal population {r = 0.450, at P =

0.05), apterous adult population (r = 0.647, P = 0.01) and overall mean apterous

population {r = 0.5i4, P = 0.05) and negalive relalion was found with alate adult
population (r = - 0.416, P = §.03) of A. gossypii. M. discolor population exhibiwed
significant positive carrelation with apterous adult population {r = 0.618, P = 0.01) and

negative correlation with alate adult population (r = - 0.435, P = 0.05}.

Combined correlation studies for both crop seasen signified that there were
signilicant posilive relationships between aphid population of apterous morphs with
C. repanda and M. sexwmaoudatus population and apterous adult with M discolor
population. Bul no significent relatianship existed between alate population with any of

the coccinellid predalors.

Mo parasifoids attacking 4. gossypii could be known during the course of the

studies.

4.2.2 Irmpact of meteorological parameters on A gossypii population during 1999 -

2000

Data on population density of 4. gossypii (Tabie 3) and meteorological data
{Appendix IT) are shown in Figure 2. Negaijve correlations existed between population of
aphids with maximum temperature, evening relative humidity, total rainfail, no. of rainy
days and adult and oveml! pepulation with morming relative bumidity. Positive
correlalions existed berween population of aphids and ininimum temperature as well as

bright sunshine hours and nymphal population with moming relative humidity. However,



48 I Tolal rainfall —— Mo. of rainy days —

cral raifal {mm)

bl
I
-
ur

a — L

‘ —— Max. Temp. - - % - Min. Temp. ——B.55H ——Mom BH --+-- Even RH.
|

R H (%1

40

ERE Y
o, x . -
ag - L e La . M- -uaeen

=
[+- —_—

Fapotat qndensiy o predaior (o fplanty
[ =)
an

04
(]
oo
B 12
R ——— Apterus Hymph
oo
gpie « o+ e Aaterous Adult
= 1
e
o —i— A3l Adun
Lon
Mo
e )
T
i %

Crop stages 5, v, v, ¥, R, R, R, ) R

Fig. 2. Seasonal poputation trend of A. gossypii, C. repanda, M. sexmaculatus
and M. discalor and meteorological parameters during 199%-2008

[ =] [ E
Mo of rary days: B55H

g::l




19

anly number of rainy days showed signilicant correlation with the nymphal population {r
- - 0.444, P -- 0.05} and overall mean aphid (nymph + adult} population {r = - 0.409, P =
.05}, But the pooled comelation coeflicient {r;} for metecrological datz and population
of A. gossypii in 1998 - 99 and 1999 — 2000 showed that only bright sunshine hours had
significant positive relations of with nymphal population (r, = 0.414, P = 0.05) and
overall (nymph + adult) aphid population {r, = 0.399, P = 0.05). All other abiotic factors
did not have any significant impact on fluctuation of aphid population during both the

Crop Seasons.
4.3 Scasonal population indices of A, gossypd on brinjal

Seasonal index for population growth of A. gossypii was computed at formightly
interval from population data of 1998 — 99 and {999 — 2000 crop seasons. The indices are
presented in Table 5 and Figure 3. The highest seasonal index of 302 40 was calculated
on the second fortnight of January in which the peak population was recorded for the
1998 — 99 season. However, the peak of aphid population during 1999 — 2000 was
delayed by two weeks. It is clear that the population of 4. gassypii gradually increased
irom second fortnight of October till [ist fornight of December and slightly dropped
down in the second fortnight of December and again increased from then onwards to
reach i3 peak in the second fortnight of January. Thereafier, population declined slowly

to a level of its minimum population density in the second formight of April.



Table 5. Scasonal indices of 4. gossypif population on brinjal

“I';"[onm For-;ﬁigt;: *Aphid population density during Seasonal

Crop SEason Index
1998-1999 ) HI. 999-2000 Mean

October M 303 000 151 45.50
November | 4.26 1.51 2.88 86.75
11 3.34 2.97 3.15 G4 88
December 1 3.74 284 3.2% 99.10
1 3.4 0.81 227 68.40
January I 6.12 0.35 323 07.30
[ 18.36 1.73 10.04 302.40
February I 10133 221 6.27 188.85
1l 4.20 3.85 4.02 121.10
March 1 3.03 1.35 2.19 65.04
Il 3.62 1.12 2.37 71.40
April [ 212 0.57 1.34 40.40
1 1.11 0.23 0.67 20.20
Mean 5.153 1.50 3.32 10000

* Number of aphids/plant during October and November (83 crop growth stage) and
number of aphids/6 leaves/plant in rest of the months
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Table 6. Seasonal population tremds of H. vigintioctopunciate and extent of
parasitization by Tefrastichus sp. and P. foveolatus on brinjal during 1998-

99
) Sampling date -'L'n:up- 'Pﬂpuimﬁdensity af Extent of parasitization
growh H vigintioctopunctaia {*)
stage (n0.72 branches) Tetrastichus . P. foveolatus

Eng Larva  Pupa Aduld Epg lava  larva  Pupa

Cewaber 14 S 0.00 {40 0.00 043 0.0 0.00 (.00 0.00

2 000 (.8Q 00 146 .00 1250 0.0 0.0

bt 0.00 1.3 (.20 0.30 0.00 14.70 .00 (a0

November 4 - M L.30 (43 (.46 UL 13 040 (.00
1] ¥ 016 01.90 .40 0.50 0.00 20.00 0.00 (.00

13 0.23 L1G (50 (.46 (.00 k4.5 0.00 16.50

25 0.23 149 033 (L5 (00 1280 430 2 Wi

December 2 Vs 0.00 0.93 [BL (.36 0.00 8.60 430 2170
g 100 143 183 (.63 (.00 1395 0.00 19.25

16 EL) 013 Rk {36 .00 0K 000 2608

5 Vi 0.0} 0.00 (.00 (30 0.00 0. .00 {100

3 0.00 0.00 000 0.23 {30 0.00 .00 .00

January 7 R 13 0.00 0.00 (.40 0.00 .00 000 0.00
k4 (90 .00 (.00 .30 (.00 (00 000 (.00

2 R (043 {156 .00 033 6.95 10.70 AL 0K

3 023 0.93 ao L4 2608 1720 (.00 .00

February g R 173 I3 1.63 146 20660 6.60 0.0 0.00
1 0.63 420 1.83 193 2540 715 310 2185

18 {196 10.33 103 1.76 3125 .30 620 440

23 R 50 13.97 243 i1 3 X0 $40 4750

March 4 .56 2320 580 3.63 3570 1124 456 1327
L Rs 0.46 1303 6.36 L7 kLN 10.14 660 4009

1% 0.36 |80 .13 353 16.70 3390 2K 42,50

i (.30 240 i.00 1m 1000 1916 0.00 23.00

April 1 Ra (.36 090 {23 |66 0.00 000 G.00 0.00
3 0.13 0.40 .28 .63 6.00 000 200 .00

16 0.1t [ {10 .46 .00 0.00 .00 iRL)

B R 0.0} 000 0.00 .30 0.00 (.00 0.00 0.00

Mean of 30 samples

Data represent mezn population/plant upto V) slage, and mean populations2 branches in
other stages
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However, larval, pupal and adult populations attained their peaks on 4 March (23.20
larvae/? branches), 18 March (8.13 pupae/2 branches) and {3.33 adults’2 branches)
during fruit maturity {(Rq) and Fruit rpening (Rs) stages of the crop. From thereon,
population came down gradually and fnally disappeared [rom the crop, at the crop
decline (R} stage in the fourth week of Aprit {23 April) but adults still remained at &

population of ¢.30/2 branches on Lhe iast sampling date.

4.4.1 Impact of natural ememies on H. vigintioctepunctata population during

1998 — 99

Field cellected eggs, larvae and pupae of H. vigintioctopunctata were found to be
parasitized by bwo hymenopteran parasitoids, viz., Tefrastichs sp. (Eulophidae:
Hymenoptera) and Pediobius foveolatis (Craw.) (Eulophidae : Hymenopiera) (Plate 27
and 28). The former parasitoid artacked both eggs and early instar larvae while 1he latier

attacked bolh late instar larvae as well a5 pupae,

The data on extent of parasilization by both Tetrastichus sp. and P, foveolatus
recorded during 1998 ~ 99 are shown in Tabie 6 and iilustrated in Figure 4. The activity
of Tetrastichus started afler one week of appearance of the prey and ended at least three
weeks before the disappearance of the host. The initial observation on 14 Oclober showed
no parasitic activity in the field. On the next sampling date (21 October), 12.50 per cent
parasitization of the prey larvae was recorded, when Lhe host population was 0.80
larvae/plant. However, duning the entire period of observation, the exlent of parasitization
varied from 6.60 to 33.90 per cent. Maximum parasitization of larvae (38.90 per cent)

was recorded in 18 March., However, egg parasitization was noticed from 21 January,



Tabhle 7.

Relavionship of H. viginlioctopunciaie pupulation with the extent of

parusitization by Tetrastichus sp. and P. foveolatus during 1998-99 and

(h126 + 0.019X

N5 : Not significant . : Significant at P = 0.05,

Y Rignificant at P = 0.0}

1999-2(4)
Hust-parasite relationship Relationship 1998-99 1999-2000
slafistics
r 0.303NS 0.549°
i vigintigctopunctata 100¢ 9 180 36,200
larva] pepulation
Vs, Z 0316 0.613
extent of parasitization by
Tetrastichus sp. Tr 0.414
Y 0.219 + 0. 150X,
r (h343NS 0.542°
it wg;'n.*im'r{)pur_n:mm 1005 11.765 39 400
larval population
VS, z .352 (.609
extent of parasitization by .
P. foveolatus o 0.430
Y 0.930 + 0.356X
I 0.675" 0.885"
fi. vigintoctopunciaig 1007 45.600 78.322
pupal population
Vs, fd 0.820 1400
extent of parasitization by -
P, foweolatus o 0.788
Y 060 + 0.087X {.023 + 0.126X
r 0 6u0” 6511
Numhgr.ut‘.ﬂgg clusters of 1008 47.600 26.100
H. viginrioctopunctata
V. 2 0.8572 {0,568
extent of parasitization by ve
Tetruseichus sp. Tp 0.618
Y 0.099 + 0.01 1%
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when population density of epp rmasses was sl ©.43/1 branches. The peak egg
parasitizaticn (35.70 per cent) was recorded on 4 March, when the egg mass population
t0.56/2 branches) was at falling phase. The parasitoid became almost untraceable from

the first week of April.

The extent of parasitization by P. joweolatus was comparatively bigh and st
sccounied for about 16.60 to 47.50 per cent parasitization of the pupal host and 3.10 o0
22.20 per centt larval host (Table 6 and Figure 4). The peak parasitization (47.50 per cent})

wits recorded on 25 February.

The comelation studies bebween prey population and the extent of parasitization
indicared that there was positive and highly sipnificant correlation between Tetrastichus
sp. and egg mass poputation {r = 0.6%10, P = 0.01) and similar relatiop was also exisled

between P, joveciatus and pupal population (r = 0.675, P = 0.01)} (Table 7).

i3 the course of study, ne predator could be detected exercising regulatory power

on popuiation of M vigintioctopunctata.

4.4.2 Impact of meteorological factors on H. vigintioctopunctata population during

1998 - 99

The mean population densities of M. vigintivctopuncigta cecorded on each
sampling date were correlated with key meteorological factors {Appendix [) and resulis

obtained are presented in Table 8.

Maximuin temperaiure with larvae, pupae, aduit and overall mean population and

bright sunshine hours with larvae, pupae, eggs, and overall mean population showed
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Table 8. Relationship of H. vigintioctopunctata population with meteorological

factors during 1998-99

Meleoralog  Relation-
ical faclors  ship

H wgmrociopunctata population during 1998-%9

itistics Larva Pups Adult Egp Larva+Pupa+Adul

Masimum r 072 NG {250 NS 0.0 M5 L2 HE 036 NS
temperature 001 740 1300 %.000 (100 110,000

Fi 219 {259 0312 a0 014

Y
Minsmusm r DO NS 0.004 N§ JO1ONS LTINS HOIENS
emperange 00 0.100 0.000 0.000 1400 0,000

z 04028 (000 (000 0280 {000

¥
EH. r L3 4HM 510G 23 NS S 1]
(Moming) |00 10 500 000 26000 5.400 26300

z G485 0482 .54 175 037

¥ 100078 - L3R BAH 03X - 1R9TE- 00X 157909 - 1 629X
RH. r 425 N8 DTN D INS 0208 NS IT9NS
{Evening} 100 $.300 5.100 4900 4300 7.800

Fi 0.353 .25 0.22% 0.1 0.125

¥
Total rawn ‘. 168 NS 1.309 N% {1084 N§ LI30NS .19 NS
tall 106k 2800 400 8.700 1,700 1600

z 170 0.214 .08 0.137 0197

¥
No. of r 099 N U2 NS .10 N5 0.201 NS L5 NS
minydays 100 4.000 5.400 1.400 4040 5.100

Z 0205 2%4 &80 0.x0% G

Y
Bright r {0.ITT NS 0.007 M5 138 N8 D216 NS {104 N§
sunshing LT g 2.500 0.500 | ) 4.7 i.lo0
boas P 0173 0000 0.13% 0. 0.t

¥

NS : Not significant . * : Significant at P =0.05,** - Significant a1 P = .01



positive non-significant relations. However, maximum iemperature (only epgs) and
minimum temperature, evening relative humidity, total rainfall, oumber of rainy days
(excluding cggs) and bright sunshine hours (only adults) exhibited non-significant
negative correlation with the population of H. vigintiociopunciata. Only moming relative
humidity showed significant pegative comelation with larvae (¢ = - 0452, P = 005,
pupag (r = - 0.447, P = 0.05), adult {r =- 0.510, P = 0.01) and overall population (larvae

t pupae + adult) of the beetle (r=-0.517, P = 0.01).

4.5 Seasonal population trend of K. vigintiociopunctata on brinjal during

1999 - 2000

[xata on [ield population trend of . vigintioctopunctata (Table 9) along with the

prevailing meteorological data {Appendix 1I) for the crop season are shown in Figure 5.

Adulls and egg masses of 5 vigintioctopuncrata were seen during the seedling
{Ss) stage of Lhe crop, in the fourth week of Npvember (25 November), registering a
papulation of 0.23 adults and .20 ¢gg masses per plant. On December Z. the population
reached to a level of 0.16 egy masses, 0.30 larvae and 0.60 adults per plant. On Lhe next
sampling date (¢ December) when the crop entered early vegelative (V) stage, the egg
masses totally disappeared, while larval popu]atiﬂn increased {0.53/plant} and adulc
populations fell down to 9.43/plant. From there onwards, iarvae and adult population
further decreased to levels of 0.20/plant and 0.1G/plant, respectively, m the thizd week of
December {23 December). On this date, pupae were noticeable in the crop with & density
of (.16 pupae/plant but disappeared afier one week. Larval stages disappeared one week

before disappearance of pupal stage ie., on 30 December. Fron nud vegelative (V)



Table 9. Secasonal population trends of H. viginfioctopunctata and extent of

parasitization by Tefrastichus sp. and F. foveolatus on brinjal during 1999-
2000

Sampling date Crp "Population density of Estent of paresilization
prowth H. vigintigrigpumciata {%)
slage {no.7? branches)

Terastichus sp. P fovenlanis
o Egg Larva Fupa Adull Ege larva  lava Pupa
November 25 5 0.0 ALY (.00 .33 0.00 .00 {140 {100

Decembwer 1 {1.16 030 ALY (60 .00 .00 340 0.00
4 V| (a0 (.53 {100 {143 0.00 {0 (00 0100
L& (.00 {1.40 (.00 (.28 (.00 15.00 L 000
i) 0.0 (.20 16 .1 0,00 .00 0.0 0.00
kil .00 6.0 .10 .13 0.00 0.0 0.0 0.00
January ] - .00 (.00 (10 13 .00 .00 (.00 .00
t3 {00 (.00 0.00 (320 {00 0.00 {rao .00

X Vs .00 0.00 (.00 .36 .00 .00 {1.00 0.00
n Ri 0.03 0.00 (.00 (.80 (4K {100 0.00 0.00

February 3 B 043 120 (.00 033 700 {100 (3.00 0.0
U 032 k46 (R0G 0.38 18.75 1740 0.0 .00
17 Rs .20 0.63 {00 0.6 30.00 20.60 0.00 0.0
b| UEL 0.95 LH 0483 3125 MW 0.00 0.0
March 2 .36 180 1113 12 (L3{ LI /) 0.00 0.00
g Ry (.64 i4? 1.08 068 4375 N34 .00 14.80
17 03 8.16 195 13 310 20 g60 2713
L} Rs {.16 1130 320 119 18.75 24.06 7180 LT
il 1.00 1l R 163 {00 .00 18.50 1117
April 7 0.00 .00 173 186 .00 400 1.0 17.1
14 8 (.00 LH 036 0.62 0.00 0.00 (4.00 830
2l .00 0.0 {00 0.13 0.00 0.0 0.0 0N

E'-"IﬂEII] of 30 samples

Data represent mean population/plant upto 'V stage, and mean population/? branches in
other stages



91
stage to late vegetative (V) stage of the crop, i.e., during 6 ~ 20 January, only adults
were seen with a density ranging from 0.13 — 0.56 adults/2branches. At the start of the
reproductive (R;) stage on 27 January, egg masses reappeared with a low population of
0.13 egg masses/2 branches. Subsequently, larvae reappeared on 3 February and pupae
on 2 March. From the date of reappearance of egg, larvae and pupae, they increased
gradually and ultimately reached their peaks with population densities in of 1.36/2
branches (2 March), 11.80 /2 branches (24 March) and 5.20/2 branches (24 March),
respectively. Adult beetles since their first appearance, were almost always present in the

/
crop tilt they attained climax at the fruit ripening (Rs) stage, in the first week of April (7
April). All the stages of the beetle after attainment of their peak populations declined and
finally disappeared from the crop in the fruit ripening stage (Rs and Rs), whereas adults
still remained in the crop till the last sampling date with a population density of 0.13/2

branches.

4.5.1 Impact of natural ememies on H. vigintioctopunctata population during

1999 - 2000

Table 9 and Figure 5 show the extent of parasitization by Terrastichus sp. and

Pediobius foveolatus (Craw) on different densities of H. vigintioctopunctata population.

The parasitoid, Tetrastichus sp. appeared in the crop, when population of the host
larvae stood at 0.80/plant in the third week of December (16 December) while the
parasitoid, P. foveolarus initiated their- activity lately with 14.80 per cent parasitization of
pupae during second week of March (9 March), when the populations of host stages were

at levels of 3.42 larvae and 1.08 pupae per 2 branches.



=] Li|
45 I Total rainfall —— Mo, of rainy days -
| 8
E ]
. . "E
£ 0 o
- 1 .
£ 75 3
S B
= 15 2=
o
hiv] 1
5
qc° — L4 ;
——Mar. Temp. - - = - Min, Temp. ——B.85H ——Mam. B H. -- =-- Even BH. -
100 .
B0 | Pl - R L] a N :
E ) mosa "'-‘ 1-“" I-l‘w .'- o “.- --"d'll ‘-“'1 H}lfi_
;: &0 et & E:_.
-
" M
o
20 0 =
¥] L]
50 . —O0—" fatrasfichus 5p. on Tarvie
43 - - - P favegiatus on larvae
= 40 ——be— P fovedatys on pupae /
= »  Jeprastichus sp. on eqgs |
5
% 30 /
30
[ !
22|
= .
E" 15
5 10
5
g
- n —— | ana
2k 12 e Pyp
ES _1g —_—
o Adulk
= | *  FEay
x = |
—® =g
§2 x4
EE 2
=1
Es °
e i L1 ! | ] 1
| slages S, v, v. WA/ R /y R, Rs Ry

Fig- 5. Seasonzl population trend of if, vigiatioctopunctaia and extent of

parasitization by Tetrastichus sp. and F. foveolatus and meteorological
parameters during 1999-2000



93

The extent of parasilization by Teirastichus sp. peaked with a levet of 43.75 per
pemt parasitization of host eggs and 24.20 per cent on early instar larvae on 9 March and
24 February, respectively. [ts activiry was no longer noticed in the field from the fourth

week of March,

The extent of parasitization by P. foveoiahis ranged from 7.80 — 18,50 per cent on
late instar host larvac and 8.30 — 31.70 per cent on host pupae. The parasitic acrivity

came down to zere level by 21 Apni.

Significant positive correlations axisted betweer the exient of paresitization by

both species and population of the prey.

Pooled correlation cocfhicients (rp)} for 1998 - 99 and 1999 ~ 2000 crop season
showed that the externt of parasitization by Tetrastichus sp. had significant positive
associstion with the prey population {r = 0.618, P = 0.0] for eggs and r =0.414, P =005

for bagryae and 1 = 0.788, P = 0.01 for pupac).

4.5.2 Impact of meteorviogical factors on the population of H, vigintioctopunciaia

during 1999 - 2000

Correlation  studies lovolving population of H.  vigimiiectopunctaia and
meteoroiogical date (Table 10) indicatexd that there were positive significant correlarions
between minimum temperature and adult population (r = 0.512, P = 0.01}. Significant
megative comelalions were shown by moming relative bumidity with larval population (r
=-{.469, P = 0.05), pupal population {r = - 0.334, P = {.01), with adu]t population (r = -

0571, P = 0.01) and overall beetle populstion {r = - §.550, P = (.01) and boght sunshine



Table 10. Relationship of A viginfiectopunctafa popuiation with metegrological

factors during 19992000

Mgteoraiog  Relation-

R, vigintioctopantaia populaton during 19992000

il factors ship
istcs Larva Pupa Aduly Ega LarvatPupetAdult

Masimum T J.00INS B336MS B31GNS 0.293N8 0.1 15INS

kmpendure 100 10K 1§ 300 9.600 5,585 2310
Z 0.000 350 (320 0304 0155
3 [ )59KS 0 30INS 0 295N8 D INS LIHNS
Y

Minimum r {0 J06NS 0.36NS 03120 DIING 0.330M5

emperatue 00" 1.0 4500 26,300 1500 10,900
i BRI {40 567 4023 034
T {.193NS 0.17INS f241N5 0.168NS 0L 146NS
¥ D601 30X

Ry, t L4605 £534m 45719 D3NS 5504

(Moming) 100 2000 28,600 32,600 10400 30.300
£ G510 0.5% (650 0.315 0.620
r, 2.400° {485+ D537 DIHNS 05300
Y 38 T050.3%X NTNH.214% 1288501 20X 72,2080 743X

RH. r 4 330N5 4 260K5 D158 L010MS BN

(Evening)  100r 1,00 $.800 164 0,000 5,900
z 1] 0.268 0.167 .00 248
I 0.240N5 0.254M8 LI9TNS Q124N 4.27TINS
¥

Total rin r QOIS {.068N% 0 08NS {.ODINS LH0NS

fall 00 {0,600 0441 000 .00} 0.400
£ 0077 0.068 .600 {600 1970
f J.i29N8 Q.L49NS DTS OIS 147N
Y

Ko, of r 0.1 L7NS 0.1 00NS 0218 .1 BONS 0.143N5

tainy days 100 1400 1.000 5617 3240 2,100
z 0119 0100 0242 0.185 0.14%
r 4.162N5 &.175NS #1738 019GNS 8. 199N8
Y

Brighl ¢ 4 750N8 LTS 1438 {72908 314N

sunshine Jiv 6.300 11K 19154 5.300 9859

erurs z 4358 028 04T 073 0.3
t, 206N D.VHINS H275N8 LIBNS D.215N8
Y 214081X

NS = Not significant . * @ Significant at P=(0.05,** : Significant at P = 0.01
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hours with the adult population {r = - ¢.438, P = 0.05). None of the other abiotic factors

showed significant correlatlions with the population of H. vigintiociopunciata.

Pooled correlation coefficients (rp} for two seasons showed negative significant
relations between moming relative humidity and larval population (r, = - 0.460, P =
0.03), pupal popuiation {r, = - 0.485, P = 0.01), adult population (rp = - 0.537, P = 0.01)

and overall population of the beetle {larva + pupa + adult) (r, = - 0.530, P=0.01).
4.6 Seasonal population indices of H. vigintinctopunctata on brinjal

The population of H. vigintioctepunctaia was found to be below the seasonal
average {1.24/2 branches) upto the second fortnight of January since the lise it appeared
in the field (Table 11 and Figure 6}. Their populaticn was more from the first fortmight of
February to second forinight of March. Similarly, the seasonal indices worked out for
these fonmghts were also high. The highest seasonal index of 400.00 was found for the

tirst forinight of March, in which population peak was recorded during 1998 — 9%,
4,7 Predatory efliciency of aduk coccinellids on A, gossypii

The predatory efficiencies of Coeccinella repanda Thunb., Menochilus
sexmaculatus F. and Micraspis discolor {FF.) were studied in the laboratory. The results

are shown in Table 12.

Predatory efficiencies of the coccinellids were studied by offering separately ten,
twenty, thirty, forly and fifty numbers of A. gossypii (all stages) o the predators. The
observation on feeding efficiency was recorded after 24 hours. It is evident from the table

that the mean predatory efficiency on aphids was highest (84.52%), registered hy



Table 11. Seasonal indices of H. vigintioctopunctata population on brinjal

Month Fortmight  “Population density {no./2 branches/plant) Seascnal

during crop season Index
1998-1999 19992000 Mean

October 1| 0.48 0.00 0.24 19.35
November I 0.66 0.00 0.33 26.60
I 0.78 0.08 0.43 34.70
December 1 0.71 0.31 .51 41.173
Il .16 Q.15 (.15 12.10
January [ 012 (.05 0.0% G.45
il 0.37 023 0.30 24.20
February l 2.35 029 1.32 106.45
L] 5.34 0.5) 2.92 235.50
March I 8.66 1.26 4.96 400.00
i 314 4.88 4.0 323.39
April L 0.08 0.92 0.80 64.52
11 07 .04 810 8.06
Mean _ : 1.82 0.67 1.24 100.00

" No. ol beetles/plant during November and December (S and V) stage of the crop) and
no. of beetles branches in rest of the months
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Table 12. Predatory efTiciency of adult coceinelid predators

Predator Predatory eificiency (%)

No. of 4. gowrypii offered24 |

10 20 30

(" repundn 100,00 10004 3778
(90.00) {90.00) {69.54)

M. sexmaculutuy 104,00 78,44 5480
(90.00) (63.04) (47.75)

M. discolor 100,00 5611 4037
(90.00  (4851)  (39.44)

SEd+ NS 0.620 0.784
CIXP = (.05) NS 1.518 1918
CIXP = .01 3 NS 2298 2.906

Mearn
40 50
.94 3970 Eq.52
(59.93) (5059 (32.01)
41.39 33.11 61.78
{(40.03) {3511 {55.19)
30.28 25 44 50.46
{33.44) (30.2%) {48.46)
0.671 0.529 (339
1.643 1.293 0831
2487 1.951 1.258

Data based on three replicalions
Figures in the parentheses are angular values



Plate 21.
Plate 22,
Flate 23.
Plate 24,
Plate 25.
IPlate 26.
Plate 27.
Plate 2%,

A brinjal leal infested by A, gossppii

A brinjal leaf infested by H. viginfioctopunctata larvae
A brinjal leaf infested by H. viginrioctopanctata adult
An godalt of £ repundy

An aduolt of M. sexmaculatus

An adult of M. discelor

An adult of Tetrastichus sp.

An adult of P foveolatus
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' repunda and lowest (50.46%) by M. discolor for all leveis of prey density. The results
also indicated that the efficiencies of the predators were non gigniixant when they were
offered ten numbers of prey. But when the level of prey density increased to twenty,
thiriv. forty and fifty per adult coccinellid, the cfficiency of predation signilicantly
differed at P -+ 0,01, Highly significant difference in mean predatory efficiency indicated
that € repanda was the most efficient predator of A gossypii followed by

M sexmaculans and M discolor.
4.5 Spatial distribution pattern
4.8.1 Spalial diseributjon patierp of A. gossypif nymphs on brinjal during 1998-99

The parameters elated 1o the disuibution of A. gossypii nymphs on bringal are

swndnacized in Tabie 13.

The nymphs of 4. gossypii appeared in Lhe crop dunng the second week of
Octeber, when the crap was at seedling (S;) stage with a population density of €.93
pymis/plamt i plant inspection method-1 {PI{AY1] and 6.98 nymphs/plamt in plant
mprection method-2 [PI(A)-2}. The population gradually increased to attain a peak
13513 nymphs/6 leaves) in PI{A)-1 and [51.70 nymphs/9 leaves in PKAYXZ] on 21
Lanusry during Nowering (R;) slage of the crop. Thereafler, the population slarted
decreasing. In both the methods, the variance to mean ratios were greater than unity lor
nymyrhs. indicating clumped distribution. However, fow values of ralios (<1} were also
obtataed by both methods dunng $; stage {14 October and 28 October), which indicated
tendency towards regular distribution. The exponent "k’ ranged from -22.8% to -9.11

during the imonth of October and 1.70 to 32.00 during rest of the months for both the
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sampling methods. There were 135 cases where 'k’ values were less than eight which was
indicative of high amount of clumping and in nine other cases, k was greater Lhan eight
which signified low clumping. There were positive indices of clumping in all the
sampling dates and methods except for {4 October and 28 October in both the melhods,
which indicated aggregated distnbution of nymphs The resulls of mean crowding,
Lioyd's patchiness index and mean colony size confirmed the comagicus nature of
distribution. Mean clump size compuled for the nymphal population showed that the
values wene greater than two for most of the cases which sigmified that the clumping was
due 10 both enviroumental heterogeneity as well as inirinsic behaviour of 4 gossypii
nymphs. However, at fruit ripening (R ) stage (1 April) the clumping was due to micro
environmental heterogeneity when sampled by PI(A}-1, as the mean clump size was

exactly two.

Iwao's patchiness regression for PUA)1 and PHAY2 methods were
X*-0.616+1.020X (Figure 7A) and X*=0.659+1.049X (Fignre 713y respectively, which
revealed that there was a positive association ameng nymphs. The indices of basic
coniagion suggested that the nymiphs had a tendency of colony formation. As the density
contagiousness co-¢fTicients (1.020 and 1.049) were greater than unity, the nymphs were
over-dispersed in Lhe brinjal crop. The co-efficients of determination (R™) were 99.1 and
99,7 per cent under PI(A)1 and PI(A)-2, respectively, {Table 14). Significance of F tests

confirmed good fitness of these models.
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The regression based on Taylor's power law for the nymphs of 4. gossypii were
log S2=0.067 + 1.144 log X in PI (A)] and log $7=0.051+1.262 log X in P{A)-2, shown

in Figure 8A and 8B, respectively.

Index of agpregation values of these models were found to be more than one,
which signilies the aggregated distribution of the nymphs. R? values shown in Table 14
vontinmed hat there were 70,00 per cent of dala of PI{A)-1 methods and 81.50 per cent
ol data of PI(A)-2 methods fitted to the linear regression models based on Taylor's power

law.
4.5.2 Spatial distribution pattern of A, possypii adults on brinjal during 1998-1999

Data presented in Table 15 and 16 represents the different statistical parameters

for spatial distribution of A. gossypii adults of boih apterae and alatae.

The adults of 4. gossypii appeared in the crop during second week of October
with a density of 3.67 apterae and 0.40 alalae per plant in PI (A)-1 and 4.56 apterae and
.37 alatae per plant in PI{A)-2? method when the crop was ip seedling (3;) stage. The
apterous adult population rose to peak in R; siape (flowering) in ihe third week of
January {17.13 adults/6 leaves in PI{A) — | and 16.30 adults/9 leaves in PI{A) - 2]. Alate
adulis on the other hand, peaked during first week of April {1.86 adults/6 leaves in P{A)
1 and 2.08 adults/9 leaves in PI{A)-2] at Lhe declining stage (Rq) of the ¢crop. From Lhere
onwards, the adult population showed a declining trend. [n all e inethods of sampling,
the variance to mean ratio exceeded unity in almost all the occasions, which indicaled
contagious nature of distribution for both apterous and alate adults. The values of

exponeni-k for majority of the samples were less than eight which indicated that a high
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1wao’s patchiness regressions of A. gossypii nymphs {A, B) on brinjal,
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Taylor’s power law regressions of A. gossypii nymphs (A, B) on brinjal,
under ssmpling methods PI(A)-1 and PIL(A)-2, respectively, during

1998-99
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degree of contagiousness among adult populations. Larger *k’ values {>8) in few
sampling occasions in case of apterous adults signified that there was a low level of
clumping. It means that some population of adult apierac had a tendency towards
ratidomness at higher density of population. The clamped nature of the adult population
could also be described by the positive values of clumping index, higher mean crowding
jrdex than mean population density and Lioyd's patchiness index greater than unity in ait
the sampling occasion except on 14 and 28 October, The valnes of mean clump size for
the season were greater than rwo in case of apierous adults, which revealed that ihe
aggregation was due to both enviropmenta! heterogeneity the crop HReld as well as
intrinsic behavior of 4. gossypif adults. However, this values {< 2} for half of the cases in

alate descrnibed that clumping was also due to micro-environmental heterogenety,

Iwao’s patchiness regression sngeested that there was a positive association
among aptergus adults in PI{A)}1 (X* = 0.358 + 1.024X), and PI{A)-2 (X* = 0.982 +
0.989X ) and, alate adults in PEA) — 1 (X* = 0.095 + 1.516X) and PI(A) — 2 (X* = 0.081
+ 1.486X) which are shown in Figure 9A and 9B (apterae) and Figure 9C and 9D

{2latae).

The indices of basic contagion {0.358 and 0.095 in PI (A)-]1 and (.982 and 0.081
in Pl (A)-2] were greater than zero, and this indicated that more than one individual
formed the component of basic contegion. The density contagiousness co-efficients were
greater than unity in all sampling metheds except PI{A)2 (aprerous adult). This indicated
that the colonies would tend to over-disperse in an aggrepated pattern, while smaller

coclficient (< 1) indicated that the colomies were not over-dispersed. The models
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explained 92.2 to 98.6 per cent variation in adult dispersion in all cases as confirmed by
significam higher values of RZ (Table 14} ar P=0.01, assured good fitness of these

models.

Regression based on Taylor’s power law were log 8° = - 0.032 + 1.323 logX in
PI(A) — | (Figure 10A) and log 7 = 0.189 + 1,084 logX in PI (A) - 2 (Figure 10B) for
apterous adults and log 8% = 0.186 + 1.197X in PI{A) — 1 (Figure 10C) and log &% = 0.183
+ 1.206X in PI {A) — 2 {Figure 10D) for alale adulis. This suggested that the distribution
of adulls in both sampling methods was approaching cnntagiuushcss. The values of R as
shown in Table 14 confirmed that 71.3 to 98.6 per cent variation in adult dispersion could
be expiained by he Taylor's power law model and the significance of F values {Table
t4) at P = Q.01 further confirmed that the model showed good finess in both the

sampling methods.

4.8.3 Spatial distribution pattern of A. gossypii nympbs on brinjal during 1999 -

2000

The statistical parameters related to the spatial distribution of 4. gessypii nymphs

on brinjal are presented in Table 17,

On the first day of sampling {} | November) nymphal population was 2.73/plant
in PI(A) ~ 1 and 3.12/plant in PI{A)- 2, when the crop was at §; siage. The population
atiained the peak [8.53 nymphs/6 leaves in PI(A) — 1 and 9.50 nympha/® leaves in PI{A)

2] during flowering {R3) stage of the crop on 18 February. Thereafler, the nymphal
population followed a declining trend. The vanance to mean ratios for the nymphs were

invariably more than unity on all the sampling occasions, signifying clumped
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distribution. The values of dispersion parameter (k} were found (o be l¢ss than eight in all

the sampling dates, which clearly suggested high amount of aggregation. Simultaneously,
values of David and Moore's index of clumping, mean crowding index, Lloyd’s
patchiness index and mean colony size also exhibiled the aggregalive nature aof
distribution of the nymphal populalion. The values of meap clump size were found to be
greater than two during the season except one observation which justified that the causes

of aggregation are environmental eftect and the active behaviour of 4. gossypii nymphs.

Iwao's patchiness regressions were worked out as X* = 0.790 + 1.871X in  PI
(A) - | and X* = (.989 + 1.874X in PI(A) — 2 (Table 14} and these are graphically

presented in Figure 11A and Figure 11B, respecuvely.

The indices of basic contagion (> () and density contagiousness cocBicients (= 1)
found in these two models explained that the disiibution was conlagious. Per cent
coelficient of determination (64.10 to 75.10 per cent} with significant F values (P = 0.01)

{Table 14) indicmed good fit of these models winh the sampling methods.

Regressions based on Taylor’s power law were log §'=0.191 + 1.804 logX in
Pi(A) - 1 (Figure 12A) and log $% = 0,068 + 1.912X in PI(A) — 2 {Figure 12B) and the

values are tabulated in Table 14.

The indices of aggregation were found to be greater than unity in all the sampling
methods. R® ranged from 0.821 o .885 in all the sampling methods which was an
indication that 82.10 1o 88.50 per cent of vanation in distribution of nympha! population

could be explained by the Taylor's power law models, However, good fiiness of the
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Fig. 15. Iwao’s patchiness regressions of A. gossypii nymphs (A, B) on brinjal,

under sampling methods PI(A)-1 and PI(A)-2, respectively, doring
1999-2000

Fig. 12. Taylor's pewer law regressions of A. gossypii nymphs (A, B) on brinjal,

under sampling methods PEHAY-1 and PLA)-2, vespectively, during
1999-2000
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model was confirmed by significam F values (Table 14) at p = 0.01 in all the sampling

methods.
4.8.4 Spatial distribution pattern of A. gossypif adults on brinjal during 1999 — 2000

Stabistical parameters describing the nature of dispersion of A. gassypii adults are

presented in Table 18 and 19,

The adults of 4. gossypii appeared in the brinjal field during the second week of
November at the seedling (83} stage of the crop. The peak population density of the
apterous adults were atiained at a level of 2.26 adults/6 leaves in PI (A) — 1| on 2 March
and 3.60 adults/9 leaves m P (A) - 2 on 18 February at fruit initiation (R;) stage of the
crop. Alate adults on the ather hand, reached their peak on 14 April [1.46 adults/6 leaves
in PliA) — 1 and 1.65 adulis/9 leaves in PI(A) — 2] when the crop was in declining stage.
The values of variance to mean ratio over one were an indicative of ciumped distribution
in almost all 1he sampling dates except one or two occasions during November. In none
of the sampling dates, the values of 'k’ were found greater than eight, signifying high
degree of clumping in the case of ‘both apterous adults and alate adulis. Similar types of
distribution were aiso explained by the David and Moore’s index of clumping, mean
crowding index, Lloyd’s patchiness index and mean colony size. The values of mean
clump size were greater then two in 16 cases out of 20 cases for apterous population and
7 cases out of 14 for alate adulls, which revealed that the ¢lumping of adults was mainjy
due to environmental vanation in the crop field as well as behaviour of the adulis. Thess
values less than two in the case of alatae suggested Lhat clumping was also due to micro-

environmenlal heterogeneity.
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lwao’s parchiness regressions for A. gossypii adults were found as X* = 0.336 +

1,320 X in PI (A)— | and X* = -1.366 + 2.390 X in PI (A) — 2 for apterous adults and X*
—-0.025 + 1.433 X in PI{A) — | and X* = - 0.062 + 1.539X in PI {A) - 2 for alate adulls,

which are shown in Figure 13A and 13B and Figure 13C and 13D, respectively.

The indices of basic contagion {0.336, — 1.366, -0.025 and -0.062) indicated that
the adults had a tendency of colony formation in one case when sampled by Pi (A) - |
but 1ends ta be distributed singly in 3 regular manner in olher three cases. However, the
density contagiousness coefficients [1.320 and 2.390 (aptarae) and 1.433 and 1.539
iaiatae)) clearly confirmed that the aduits wounld tend to over disperse at higher densities.
F-test found to be significant at P = .05 level, signified good fit of the models with

different inetheds of sampling.

Regression for Taylor’s power law were worked out as log §° = 0.131 + 1.329 log
X in P1{A) - 1 and log 8% = 0.153 + 1.508 log X in PI (A} — 2 {apterac) and log §° =
0.079 + 1.075X in PI (A) ~ I and log 8% = 0.102 + 1.269X in PI {A) ~ 2 (alatae},

represented graphically in Figure 14A and 14B, and Figure 14C and 14D, respectively.

The values of index of aggregation were found w be invariably higher than unity
in all the cases, This indicated lhat the aggregations were distributed in a clumped
manner in the brinjal crop. The R? values (Table 14) indicated that 59.10 - 71.40 per cent
and 86.50 - 89.10 per cent vanation in dispersion of both apterous and alate adults in F1
(A} - 1 and P1 (A) — 2, respectively could be explained by the Taylor's power law
models. The models gave good fit in all the sampling methods as confirmed by F-test,

which was significant at P = ¢.0] level of probability.
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4.8.5 Spatial distribution pattern of immature stages of H. vigintioctopunciata on

brinjal during 1998 — 1999

The parameters concemning the distribution patiem of egg cluslers, larvae and

pupae of M. vigintioctopunctata are presented in Table 20, 21 and 22.

The immature stages of the beetle were first noticed in the field in the form of egg
clusters (11 November), larvae (14 October) and pupae (28 October) when the crop
altained a stage between S; and V. The peak densily of egg clustees [0.94/2 branches in
PI (L) - | and 1.25/3 branches in PI (L} — 2], larvag population [23.20/2 branches in PI
(L} — 1 and 37.30/3 branches in PI {L) - 2] and pupal population [8.13/2 branches in PI
{L) — 1 and 10.75/3 branches in PI {L) — 2] was found in 18 February, 4 March and 18

March, respectively. Afler attaining the peak, the population followed a declining trend.

The variance to mean ratio of egg clusier population was found to be less than
unity in eight different cases for ali the sampling methods, This was indicative of random
deposition pattem of eggs by Lhe adult, With the increase in number of egg clusters, there
appeared to be some degree of aggregation of egp clusters as seen from the remaining
values of the ratios. All the larval and pupal stages of the coccinellid beetle showed

aggregative nature of dispersion except on one or two sampling dates.

The value of the dispersion parameters 'k’ for egp clusters was low (< 8), which
indicated a fairly high degree of clumping frorn November till first week of March, and
the remaining pari of the season, they exhibited random distibution. For all the larval and
pupal stages of the plant, the 'k’ values stood below eight in almost all the sampling

occasions except one or two, when the population was at its higher mean densities. It
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proved high amounts of aggregation among the population of iarvae and pupae.

Confirmation of the resulls of dispersion was also found from Lhe findings of David and
Moore's index of clumping, mean crowding index, Lloyd’s patchiness index end mean
colony size. Similarly, mean ¢lump size also confirmed this observation. Mean clump
sizes greater than two were found in majonity of cases for larval and pupal population and
majotity of the egg cluster counts, where clump sizes were less than two, which indicated
that the clumping of egg clusters could be due to Lthe micro-environmental heterogeneity
in the brinjal felds and clumping of Jarvae and pupae could be due o the bekaviour of

larvae and pupae and environmental varistion in the crop field.

lwaa's palchiness regressions computed wnder PL{L) - } and P1 (L) - 2 methods
for . vigintioctopunctato egg clusters (X* = - 0.136 + 1.835% and X* = - 0.056 +
1.698X), larvae (X* = 0.465 + L.110X and X* = D.524 + 1.151X) and pupae (X* =
-5.110 + 1.949X and X* = 0.004 + 1.317X) are shown in Figure 15A and 158, 15C apd

150, and 15E and 15F, respectively.

in the case of egg ciuslers in both sampling metheds and pupae i PI (L} - 1
method, the indices of basic comagion were less Lhan zero, which clearly indicated thal a
single egg cluster or pupae form lhe basic comtagion of the colony or regularly
distributed, However, Lhe indices in case of larvae in both the sampling methods and
pupae in PI (L) - 2 method were less than unity, which signified that the larvae and pupae
were not dispersed in an agpregated manner. The R? values {Table 23) indicated |hat
76.50 — 99.30 per cent variation in dispersion of immature insects in all the sampling

methods could be explained by the Iwao’s pachiness regression model. The values of F
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{ Table 23} which were significant at 1% level of significance, confirmed the goodness of

it of the models.

The regression equation based on Taylor’s power law were log $?=0.091 + 1.154
log X in PI (L) — 1 and log 87 = 0,093 + 1.178 logX in PL{L) - 2 for egg vlusters, log §°
= 0.189 + 1247 JogX in PI{L) - 1 and log 8% = 0.114 + 1.451 logX in PI (L) - 2 for
larvae and log §° = 0.237 + 1.479 logX in PI(L) - ! and tog 8% = 0.111 + 1312 logX in
PI (L) — 2 for pupze are shown in Figure 16A and 16B, 16C and 16D, end 16E and 16F,

respectively,

The indices of aggegation were found 1o be invanably higher than one in all the
cases, which indicated that the aggregation were distributed in a ¢lumped manner in the
brinjal crop. The R? values {Table 23) indicated that more than 81.60 per cent variation in
dispersion of the immature beetles in all the sampling methods could be explained by the

Taylor's power law regression model.

Highly significant F lest {Table 23) at P = 0.01 confirmed goodness of fit of these

moddels.

4.8.6 Spatial distribytion patiern of i, vigintiociopunctaia udalts on brinjsl during

1963 ~ 1999

Table 24 shows Lhat statistical parameters for spatial disuribution patiern of  H.

vigintioctopunciata adults en brinjal crop.

The adults was first detected on !4 Oclober, when Lhe crop was at the seedling

(S;) stage. The peak adult population (3.53 adult/Z branches in PI {A) - I and 7.10
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Table 23, Taylor's power law and lwao’s patchiness regression parameters for
spatial distribution of H. vigintioctopunctata during 1998-99 and 1999-2000

Crop Sampling _ Taylor's power law
season  method _Larva Pupa Adult Epg cluster
19§99  PNL-1 @ 0.189 0.237 0.153 0.091
b 1.247 1.47%" 1.462° 1154
R? 0.963 0.935 0.891 0.921
3 311.89" 173.41" 97.74"" 138.99"
PLY? & a4 9411 {089 £.093
b 1.451° 1.312° 1.162° 1.178°
& 0.955 0.923 0.838 0.816
¥ 752,307 144.75" 61.88" 53.2¢9"
1699-2000 PI[.3-1 & 0.240 ' 0.163 0285 0.079
b 1.590° 1.54]° 1.244° 1.102°
R* 0.917 0.834 {.808 0.847
F 110.83" 50.39" 41.99" 55.56"
PL-2  a 0,202 0.144 0.156 0,107
b 1.662° 1.532¢ 1.158¢ 1.250°
R® 0,923 (1887 (), 768 0.824
. F 119.14” 78.247 33.108" 46.66"
Iwao’s patchiness regression
1998-99  PiL)}1 o 0.465 0.110 -0.19] -0.136
p 1.110¢ 1.949¢ 1.592¢ }.835°
R’ (1993 0.991 0,918 0.931
F 1718.30" 1341.38" 134.44" 161 84"
PIL:-? «a 0.524 0.004 0.252 -0,056
B 1.151¢ 1317 1.069° t 698°
R £.986 0.957 0,930 0.765
F 843.65" 269.10"" 159.72" 3g97"
1999-2000 PKL-I a 0.250 0.130 0.274 -0.128
B 1.881¢ [.559¢ 1.273 2.5{2°
R? 0.965 0.846 0.669 0.943
F 272.545" 54.96" 121" 14867
P2 @ 0.485 0.101 0.347 (3,145
B 1.632¢ 1.815° 1.100¢ 2.486°
R £.975 0.990 0,803 01.940
o ___F 394.877 962.14"" 36.71 142117

™ Significant at P = 0.0
¢ Clumped
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adults/3 branches in Pl (A) — 2] was recorded on 18 March when the crop atained

froiting stage.

The variance to mean ratios were greater than unity for 19 cases ouj of 28 cases,
indicating contagiousness of distribution of adulls. The exponent ‘k’ values were low
(<8} in almost all the sampling dates, indicaling a fairly high degree of clumping, except
a few sampling dates where values of 'k’ was found negative, which signified regulanity
of distribution of adults. David and Moore's index of clumping were also positive in
ihose cases, where, the distnbution was found aggregated by the other statistical methods.
Similarly, Lloyd’s indices of mean crowding and patchiness index were indicative of Lhe
previous results. Mean clump size less than wo were found during early, mid and fater
part of the crop season, which suggested thar Lhe clumpings were due to ¢nviranmental
heteropeneity m the crop field. Higher clump size (»2) in remaining pan of the crop
season justified that clumping was due to environmental heterogeneity as well as active

behavipur of the adults.

Iwao’s patchiness regressions for H vigintioctopuncrata adults under PI (L) — 1
and P1{L} - 2 sampling melhods were X* =- 0,191 + 1 592X (Figure 17Ayand X* =

0.252 + 1.069X (Figure 17B), respectively.

The indices of basic contagion (- 0.19] and 0.252) being less than one suggesied
that the adults had a tendency of colony formation. But negative index in PI (L} - 1
method sugpesied Lhat a single adult formed Lhe basic conlagion of the colony. As the
density contagiousness coefficient {1.592 and 1.069) were preater than nnity, the adufls

were found to be over-dispersed, The R? values as shown in Table 23 signified that 91.80
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and 93.00 per cent variation in adult counts for P1 (L) — | and PI (L)} ~ 2, respectively,

could be explained by Lhe Iwao’s patchiness regression model. The fimess of this model
was tested by computing F values (Table 23}, which were found to be significant (P =

0.01} and hence, confirmed goodness of fit of the madels in all the sampling methods.

The regressions compited for H. vigintiociopunciata adults based on Taylor’s
power law were log 8% = 0.153 + 1.462 logX in PI (L) — 1 and log §° = 0.039 + 1,162

logX in P1 (L) — 2 are depicted in Figure 18A and 18B, respectively.

For all the sampling methods, Lhe indices of aggregation were higher than unity
and this indicated that the aggregarions were over-dispersed on Lhe crop. The mode]l was
found to be fit becawse it explained 83.39) 1o 89.10 per cent vanation in adult distribution
as evident by higher R values (Table 23). [n addition, the significant F values (Table 23)

at P = 0.01 confirmed poodness of fit of the models in all the sampling methods,

4.8.7 Spatial distribution pattern of the immature sieges of H. vigintinctapunctata on

brinjal during 1999 — 2000

Statistical parameters describing the narure of dispersion of egg clusters, larval
population ad pupal populatioo of H. vigintioctopunctata are presented in table 25, 26

and 27, respectively.

The appearance of egg cluslers, larvae and pupae were frst noticeable on 25
November {53 crop growth stage), 9 December (V| crop growth stage) and 23 December
(V| crop growth stage}), respectively. The attainment of peak populstion density under PI
(Ly - 1 and PI{L} - 2 sampling methods for egg clusters (1.36 egg clusters’? branches

and 1.55 egg clusters/3 branches), larvae (8.16 larvae2 branches and 10.20 larvae/]
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branches) and pupae {3.96 pupae/2 branches and 4.28 pupae/3 branches} were recorded at

Ri. Ry and R stages of the crop, respectively, during February - March. The variance to
mean ratios calculated were less than unity in egg cluster counis and larval populations
for a single occasion, whereas the rest of Lhe dala including pupal counts were higher than
unity which suggested apgrepated dispersion in all the sampling methods, The values of
the ratios tended to mcrease with the increase in populstion densities of all the immature
stages of the beetle. The highest ‘k’ values for all the immature siages being 6.00
_indicated fairly high degree of clumping in all the sampling methods, Similar finding was
also obtained from the stalistics of David and Moore's index of clumping, mean
crowding index, Lloyd’s patchmess index and mean colony size. The mean clump sizes
ranged From 9.54 to 543 in case of t.gé cluster coums, 9.71 w 29.48 1n case of larval
population and 0.58 o 11.62 in case of pupae in different observations. It suggested that
the environmental heterogeneiry in lhe crop ficld alone or the aclive behaviour of Lhe
iminature insects in addition were the possible causes of aggregation found in different

stages of the crop season.

The Iwao's regression mode] worked out under PI{L} - 1 and PI (L) - 2 sampling
methods were in order as X* = - 0.128 + 2.512X and X* = - 0.145 + 2.486X (Figure 194
and 19B), X* = 0.250 + 1.881X and X* = 0485 + 1.635X (Figure 19C and 15D) and X*
= (.130 + 1.559% and X* = 0.101 + 1.815X (Figure 19E and 19F) for egg ¢luster caunts,

larval population and pupal popuiation, respectively.

The indices of basic contagion (- 0.128 and - 0.145) for egg clusigr counts

indicated that the egg clusters were distributed singly in a regular patrern. However, the
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indices of basic conlagion for both larval and pupal counts were greater than zero, which

indicated that more than one individual of larvae or pupae formed the componrent of basic
conlagion and the individuals had a positive association ameng themselves. Dunng the
crop season, the density contegiousness coefficient was grealer than unity for all the
immature stages of Lhe beetle in all sampling methods, which indicated Lhat lhe
aggregations were distributed in a clumped manner. The R? values as shown in Tabie 23
suggested that 84.60 Lo 99.00 per ¢ent variation in the population counts of the immature
stages of the beetle in all sampling methods could be explained by the Iwao’s patchiness
regression models, The fitmess of (hese models were tesied by compuling F values {Table
23), which were found to be significant (P = 0.01} and hence, goodness of fit of these

models were ascerlained.

The regressions describing the Taylor’s power law were computed for immature
stages of K. vigintioctopunctaia. These equations were log §° = 0.079 + 1.102 logX in PI
(L) - 1 and log 8" = 0.107 + 1.250log X in PI (L) - | snd P (L) ~ 2 for egg clusters,
logS? = 0.240 + 1.590 jogX In PL (L) ~ 1 and log S* = 0.202 + 1.662 logX in PI (L} - 2
for tarval popufation and log 8% = §.163 + 1.541 Iugf in PI(Lj— 1 and log 5% = G.144 +
1.332 logX in Pi (L) - 2 for pupal populstion. These models were shown graphically in

Figure 20A and 20B, Figure 20C and 20D, and Figure 20E and 20F, respectively.

For all the sampling methods, the indices of aggregation were higher than vnity,
which was a clear indication of overdispersed vature of aggregation of Lhe Immature
stages on lhe crop. The models explained 22.40 to 92.30 per cent variations in

distribution of the young beetles as evident from the R’ values (Table 23). F test showed
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highly significant (P = 0.01) resulls, which confirmed that models had goodness of fit in

all the sampling methods,

4.8.8 Spatial distribution pattern of H. vigintioctopunctatg adults on brinjal during

1999 — 2000

The parameters related to the distribution pattern of A vigintiociopunctata adulis

on brinjal are shown in Table 28.

The adulfs made Lheir appearance in the fourth week of November, when the crop
was in growth stage Sy (seedling). Their population rose to peak {2.63 adulis/2 branches
in PI{L} -1 and 3.15 adults/3 branches in PI {L) — 2} in the Rs slape {(fruit ripening)
during fourth week of March. In all the methods, the variance to mean ratios were preater
than unity except in onc sampling dates (9 December). This indicated their
contagiousness of distribution. The values of exponent "k’ were found to be less than
cight in many occasions except in four cases for all the sampling methods, which were
indicative of a clumped type of distribution of the adults. The positive values of David
and Moore's index of clumping for most of the sampling occasions reflecled the
contagiousness of dispersion. The indices of mean crowding also were higher than mean
population density in similar occasions suggested clumped disuibution of aduits.
Similanity in results were also oblaiped from the slatistics of Lleyd’s patchiness index
and mean coleny size, Mean clump sizes were greater than bwo for § number of cases in
all the sampling methods and it may be revealed that clumping of adults could be due to

the behavigur of the adults and environmental variation in the crop fields. However,
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clump sizes on 12 other cases were less than fwo, which indicated lhat clumping wes

primarily due to envircnmental variation of Lhe crop fields.

lwac's patchiness regressions for . vigintiocropunctata adults were X* = 0.274 +
1273X in PL(L) — | and X* = @.347 + 1.100X in PI (L} - 2 and (hese are graphically

shown in Figure 21 A and 218, respectively,

In all the cases, the indices of basic contagion were higher than zero, thus
revealing that there was a posilive association among the adults and 2 group of these
adults formed the component of basic contagion. The values of the density
contagiousness coefficients exceeded ong, indicating clumped distnbution of edulis on
the crop. Coefficient of determination (R*} values were found 1o be 0.669X in PI (L) - 1
and 0.803X in PI (L) - 2 (Table 23) signifying that £6.9¢ per cent aod 80.30 per cent
variation in adult distribution, respectively, could be explained by the Iwao’s patchiness
regression model. The values of F (Table 23), which was significant at 1 percent level of

signilicance, confirmed the goodaess of fit of the model.

The regression equations based on Taylor's power law were log §2 = 0.285 +
1.244 1ogX in P1 (L} ~ 1 (Figure 22A) and log §* = 0.156 + 1.158 logX in PI (L) - 2

(Figure 22B) for adults of H. vigintioctopunciata.

The indices of aggregation were found to be greater than one in sl the cases
indicated that the aggregations were distributed in a clumped mammer. The R? values
(Table 23) indicated Lhat 80.80 and 76.80 per cent varialion in dispersion of adults n PI

(L) - 1 and PE (L) - 2, respeclively, could be explained by the Taylor's power law madel.
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The values of F {Table 23} were found to be significant (P = 0.01} gave good fit of the

model in all sampting methods,
4.9 Optimum sample number

The numbers of samples need 10 be gampled at a particular Lime would depend on
expected densities of the insect population at different precision levels, The precision
levels of 10 per cent and 25 per cenl are considered as the slandards for estimation of
populaiion densiy in telalion to ecological sodies and pest management studies,

respectively.

4.9.1 Optimum semple numbers for A. possypii nymphs and adults during 1998 - 99,

using Flant Inspection Method

Table 19 shows the optimum semple pumbers oblgined by Ruesink's model

(1980} at two levels of precision.

The optimuem sample numbers for 4. gossypil nymphs at 10 and 25 per cent
precision levels were 38 and 32, and 6 and 5 for PI (A) - 1 and PI (A) — 2, respecilively.
While optimum sample numbers for adults were found to be 37 and 35 in PI (A) — | and
Pt (A) — 2, respectively. While optimum sample numbers of edults were found to be 37

and 35 in PI(A) - { and 6 and § in PI (A) — 2 method.

4.9.2 Optimum sample number for A. gossypii nymphs and aduits during 1999 -

2000, using Plant Inspection Method

The optimum sample number calculated by using Ruesink’s model for nymphs

and adults are given i Table 30.



Tabie 29, Optimam sample numbers {Ruesink, 1980) for nymphs and adults of 4.
gossypii on brinjal during 1998-99

San;p]ing date Sampling Optimum sample number (N} o
method Nymphs Adulis
o C=0]1 C=025 C=01  C=025
October 14 PIA)-1 6 1 14 T2
PL{A)D 7 ] 30 5
28 Pl{A)-I 4 i 19 3
Pl A)-2 7 | 41 ¥
November 11 PI{A)-1 16 3 32 5
Pl{A)-2 15 2 21 3
25 PlA)-1 27 3 66 11
Pl{A)-2 28 5 50 g
December 9 Pl{A)-] 23 4 46 7
PI(A}-2 23 4 71 11
27 PHA) 41 7 37 6
PI{A)-2 54 G 31 3
Junuary 7 Pl{A)] 19 3 572 g
Pl{A)-2 10 2 23 4
21 PHA)L 6 1 12 p:
PI(A)-2 8 1 10 2
February 4 PlLA)-1 10 2 19 3
Plia)-2 13 2 15 2
1§ PHA)-I 36 & 17 3
Pl{A}2 24 4 27 4
March 4 PliA)-] 68 11 61 10}
PI{A)-2 38 6 55 9
18  Plia)-1 29 5 39 )
PL{A)-2 24 4 20 3
April 1 PHA)-L 123 21 56 g
PI{A})-2 42 7 39 6
15 PLAKI 117 16 53 ]
__PliA)-2 151 26 6l 10
Mean ' Pl{A)-1 38 6 a7 &
" A)-2 32 5 35 5

No. of samples (N) drawn :

in PUAYT - 15

in PI(A)-2 ¢ 10

C =010 and C = 0.25 arc precision levels



Table 30. Optimum sample numbers {Ruesink, 1980) for nymphs and adults of A.
gossypii on brinjal during 1999-2000

Sampiing date Sampling Optimum sample number (N} _m
method Nymphs ' Aduls R
_ C=0] C-025 C=01 C=025
November 11 PI{A)1 74 12 71 11
PI{A}-2 99 16 52 8
75 PL{A)] 56 9 P) 4
PI{A)-2 49 ] 34 5
December 9 PIA)-] 1G9 [} 273 44
PL{A)-2 150 24 235 18
23 PI{A)-1 11 2 93 15
PHA)2 62 10 73 12
Janvary 6 Pl{A)I] 255 41 246 41
PI(A)2 194 31 151 24
20 PBliA)-1 05 15 172 28
PI{A)-2 72 12 102 16
February 3 PIAY-] 184 29 215 33
PI{A)2 191 31 39 14
18 PIA)I 193 31 79 13
PL{A)-2 190 30 197 31
March 2 PILA-L 241 38 89 &
PI(A)-2 159 25 143 24
17 PLAI Eh 14 o6 11
Pl{A)-2 70 1 54 9
it PitAd-l 266 44 186 29
PI{A)-2 118 19 119 19
Apnil 14 PlAY] - - 367 35
PliA)-2 - . 460 76
Mean Pl{A)-1 144 23 174 28
L PI{A)-2 122 20 143 23
No. of samples (N) drawn :
in PI(A}-]1 : 15

in PI{A)2 @ 10
C =010 and C = (.25 are precision levels
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The average sample numbers required 10 ¢stimate nymphal populstion densjties at
10 and 25 per cent precision levels were 144 and [22, and 23 and 20 for PI (A)- 1 and PI

{A)- 2 respeclively.

The optimum sample number for A. gossypii edults obtained at 10 and 25 per cent
levels of precisions were 174 and 143, and 28 and 23 for PL (A) — ] and P1 (&) - 2,

respectively.

4.9.3 Optimum sample numbers for ff. wgtioctopunciata during 1998 — 99, usiag

Plant Inspection Method

Data on optimum sample numbers ¢alculaled by Ruesink’s model from two plant
inspection methods at 10 and 25 per cent precision levels are presented in Table 31 and

Table 32.

The average sample numbers obtained were 227 end 214 at 10 per ceat precision
level and 39 and 35 @t 23 per cent level of egg cluster in PL (A) - 1 and PL (A) ~ 2

method, respectively.

The optimum sample numbers computed for adults at 10 and 25 per cent level of

precisions were 191 and 130 and 30 and 2} in PI(A)- 1 and PI (A} -2, respecﬁvé!y,

The sample numbers required for tarvas at 16 and 25 per cent precision levels

were 179 and 34 in PI(A) - 1 and 107 and 18 in P1 (A) - 2, respectively,

The optimum number of samples needed to be sampled for pupae at 10 per cent
precision levels were 241 in P1(A) - | and 140 in P1{A) - 2. Again at 25 per cent level,

these were 35 in PI(A)— 1 and 22 in PI(A) - 2.



Table 31. Optimum sample numbers (Ruesink, 1980} for adults and egg clusters of
H. vigintioctopunctata on brinjal during 1998-99

Sampling date Sampling Optimum sample number (N)
method Adults Egg clusters
C=10.1 C=0.25 C=01 C=025
October 14 PL(L)-! 139 23 ] 0
Flil.3-2 1249 21 a {0
28 PKL)-1 100 16 0 0
PI{L)-2 85 13 0 0
November 11 PI(L)- 144 22 467 70
PHLY-2 200 32 500 20
a5 P 215 44 G20 103
L2 171 27 414 64
December 9 PIL)-] 242 35 ] 0
PliL)-2 272 43 0 g
23 Plil.y-1 o211 77 4] 0
PLL}-2 390 43 0 0
Junuary 7 PLL)1 Ing 48 200 RilH]
PI(L}-2 84 14 667 100
21 PIL)] 255 40 255 a8
PI{1.)-2 109 24 217 35
February 4 Pl(LJ}1 R4 14 147 24
PELY-2 15 12 141 22
18 I 115 18 187 29
Pl{L)-2 54 B 126 36
barch 4  PIL}I 197 32 213 35
PI(L)-2 51 8 64 10
18 Pl 32 13 208 34
PITL)-2 23 4 132 21
April 1 Pila-t 11 2 192 31
PILY-2 62 10 130 22
16 PIL}I 219 15 90 5
o PL)-2 109 17 500 100
Mean PI{L}-! 121 3 227 39
R s 130 3 214 35

No. of samples (N) drawn

in PI(L-1 © 30

in PI{1.}-2 : 20

C=0.10and C = 0.25 are precision levels



Tahle 32. Optimum sample aumbers {Rucsink, 1980) for larvac and pupae of H.
vigintiociopunctata on brinjal during 1998-99

ﬁamp_t-i’r;:, date Sampling Cprimum sample number (N)
method — —— AL R S
Larvae Pupae
T C=D1___ _<=025 ___C=61 _ C=025
October 14 PIL)-1 237 38 0 0
PlL-2 103 19 0 0
28 PUL-L ERE 17 400 64
Pigl.y-2 83 13 86 29
Movember 11 PiL)-1 172 28 181 29
PIL)-2 192 34 144 24
25 Pl 189 30 436 69
PII-2 is 14 287 38
December 9 95351 267 a8 94 52
Pi(1.)-2 196 2 270 43
23 PIL-L 0 0 0 0
bl -2 0 i} D Q
Janwacy T PULJ-I 0 o ¢ 0
PHLR2 0 0 0 0
21 Pt 231 43 g 0
Pl{1.y-2 1o 17 )] 0
February 4 PIL)-Y 52 8 105 17
PLL}2 30 d 63 W
18 PiLKL 19 J 175 1%
PifLy-2 21 3 4% 8
Wareh 4 Pl{i)-t 18 3 102 16
PH1)-2 19 3 17 3
18 PUL) 169 37 112 18
PiL)-2 196 31 60 10
April 1 PHLM 236 38 640 106
Pii)-2 131 bl | 26l 40
is PHLl 760 190 Y00 40
o PI(L)-2 33157 625 100
Mean 2301 179 3 241 3
PRLYZ 107 e 2

Ne. of samples {N) drawn

i PULY-Y : 30 '

i PI(L)-2 : 20

C =010 and C = .25 are precision levels
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4.9.4 Oplimum sample number for H. vigintioctopuncrata during 1999 — 2000, using

Plant Inspection Method

The resulls are summarized in Table 33 for egg clusters and adulis, and Tabie 34

for larvae and pupas.

The optimum sample number cajculaied from Ruesink’s model were 165 dnd 3¢
i P (A} - | and 129 and 22 in Pl {A) — 2, respectively at 10 and 25 per cepy levels of
precision for sampling egg clusters. In the case of adults, these were 378 and 64, and 262

and 42 m PL{A} - | and P1 (A) ~ 2, respectively at these two levels of precision.

The average sample numbers required to estimale larval papulation at 10 and 25
per cent precision levels were 213 and 39, and 154 and 24 in PI (A) - 1 and PI (A} - 2,
respectively. Similarly, the optimum sample numbers for pupae were found to be 191 and
34 m PL(A)Y- | and 146 and 26 in P1 (A) - 2, respectively at 10 and 25 per cent levels of

precision.
4.10 Varietal resisiance
4.10.1 Infestation of 4 gossypii on brinjal variefies

The intensity of attack and population density of 4 gossypii on different varieties
m field screening studies (1998 - 99) are presented in Table 35 and Table 36,

respectively. Plale 21 shows the leaf infestation by A. gossypil.

Intestation of 4. gossypii was recorded from Lhird week of January (16 January),
when all the vanelies were infesied and the intensity of attack ranged from 8.30 per cent

leaf infestation 1n Aruna Lo 27.80 per cent leaf infestation in Pusa Utlam. Variewal eflect



Table 33. Optimum sample numbers (Ruesink, 1980) for adols and egg clusters of
H. vigintioctopunctata on brinjzl during 1999-2000

Sampling date Sampﬁng Optimum sample number (N)
method Adulrs Egg clusters
C=01 C=025 C=0.1 C=0.25
November 25 PI(L)-1 640 107 325 65
PiL}-2 543 95 275 35
ldecember 9 FPLL)-1 144 26 0 0
PIL)-2 170 27 0 0
23 PIL}- 1200 200 0 0
PLL)-2 700 105 0 0
January 6 PKL)-1 700 140 0 0
PI{L)-2 367 55 0 0
20 Pi{L)-1 206 33 D 0
PIL)-2 04 15 0 D
February 3 PLL)-1 340 54 255 42
PKL)-2 146 23 220 35
17 PHL) 185 30 575 115
PI{L)-2 156 27 412 64
March 2  PHL¥ 175 29 238 39
PL(L)-2 107 17 21 35
17 PI(L)-1 249 38 420 70
PI{L)-2 147 24 287 44
i1 PiL)-] 50 8 0 ]
PI(L)-2 a2 7 0 0
April 14 PI(L)1 265 132 0 0
PI(L)-2 403 64 0 0
Mean P¥L)-1 378 64 165 30
PI(L})-2 262 42 129 22

No. of samples (N) drawn :

in PI(L)-1 : 30

n PKL)-2 : 20

¢ =0.10and C = 0.25 are precision levels



Table 34. Optimum sample numbers (Ruesink, 1980) for larvae and pupae of
H. vigintioctopunctata on brinjal during 1999-2000

Sampling date Sampling Optimum sample number (N)
method
Larvac Pupac
_______ C=10.1 C=025 C=10.1 C=025
November 25 PI(L}-1 0 0 0 0
PI{L)-2 0 0 0 0
December 9 PLL)-I 139 L 0 0
Pi(L)-2 9 15 0 0
23 PLLM! 675 135 1050 210
PI{L)-2 537 86 675 135
January & PiL)-1 0 0 0 0
PI(L}-2 0 0 0 0
Hr PIKL)1 { 0 g 0
PLLy-2 0 0 4] 0
February 3 PHL)-1 700 140 g g
PI{L.)-2 388 61 0 0
17 PHL)-1 322 52 0 0
PI{L)-2 273 42 0 0
March 2 PIL) 225 36 26l 41
Pi{L)-2 218 35 262 42
17 PIL}-1 146 23 259 40
PI(L}-2 98 16 141 22
3 PIL-L 139 22 124 20
PI{1.}-2 88 14 97 16
April 14 PI(L)-I 0 0 415 67
PI{L)-2 0 0 428 67
Mean PI{E)-1 213 39 191 34
PL{L)-2 § 54 24 i46G 26
No. of samples (N} drawn ;
in PI{L)-1 : 30
in PI{L3-2 : 20

C=0.10and €' = (.25 are precision levels
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on intsnsity of atlack was significant {P = 0.01) on 31 Fanuary. The lowest intensity
{14.00%} was recorded on Aruna and the highest (38.90%) on Pusa Uttam, ‘Kharua
Bengena’ and JC-2 also registered low intensity levels. Howevet, the vaneties in respect

of intensity did not differ significantly in the rest of the sampling dates.

Seasonal mean intensities indicated that there were highly significant differences
among Lhe varieties. The seasonal mean imlensity varied from 8.26 per cent in Aning to
21.13 per cent in Meelamn Long. ‘Khama Bengena® (local} registered comparatively lower
infestation of 8.80 per cemt, which was of par with Aruna. Vanety Pusa Krarti, Pusa
Bindu, AB-2, KS-331, Pant Samrat and Muktakeshi were ar par in intensity of infestlalion
which ranges from 12.32 to 14.06 per cent, Neelam Long was followed by Arka Keshav
wilh 18.90 per cent intensity. However, non-significant ranges of moderate seasonal
mean mtensity (16.84 — 18.48%) were recorded on Pusa Urtam, Pusa Bhairav, Pusa

Purple Long, Arka Nidhi, JC - 2 and *Sagalisingia’ (local).

The highest population densities of 2.96 aphids (nymoph + adult)/ieaf was oblained
on JC-2 and the lowest of 9.23/teaf wes récorded on ‘Kharua Bengena® (local) on 16
January. On 31 January, aphid population densities were at peak in almost all the
varieiies with a level ranging between 2.11 (Aruna) to 8.06 (JC-2) per leaf. The lowest
noa-significant ranges of papulation density (2.1! ta 2.25/leaf) wer: found in Amina, KS-
331 and ‘Kharua Bengena’, while the highest non-significant ranges (8.00 to 8.06/1eafl)
were found in JC-2 and Muktlakeshi. There wers highly significant (P = 0.01) differences
in this regard among he varieties in all sampling dates except 1 April (P = 0.03).

Companson of seasonal mean density showed that Anma with the lowest population



Table 35. Intensity of attack of A. gossypii on brinjal varieties

Variety Date of observation and intensity of atlack (% leaf infested) "Seasanal
16199 31199 15.2.9¢ 2.3.99 17.3.99 1.4.99 mean
Pusa Kranti 16,70 19.40 14.00 1110 11.18 830 13.28
(2412)  (26.13) (2197 (1951} (1943) (1681 (213D
Puss Porple Long 2 30 5% 1670 b1 19.4% 1149 1309
(2819)  (3153)  (2406) (1953} Q618 (1944)  (25.13)
Pusa Bindu 1140 22K 1400 11.10 L1180 8.30 12.68
(1948)  (28I3) (2197 (1946}  (1950)  (1671)  (20.86)
Pusa LUuam 27.80 IR0 16,70 11.10 14.00 .16 in84
(31.82)  (3854)  (2416) (1941}  (21.94)  (1944) (2423
Pusa Bhairav 2500 3330 19.40 [4.00 (WAL £30 171
(30.08) {35.28) {26,200 (2193} (1955 (16.76) (24,02}
AB-2 16,70 25.00 2230 5.50 g £330 T4.06
(2415} (30.04)  (28.4) (1352} (1948)  (1675)  (21.99)
Arnung 530 14.00 14.00 170 B.30 550 B
(673 (2198) (2196 (948 (1672 (1353 (16.14)
KS-331 11.10 19.40 14,70 1016 1114 5.50 1232
(19.44) (2615 (24.16) (1947 (1943) (1359 (2036
Pant Samral 14,00 2220 E4.00 TG 1510 550 12,60
(20931 (2814) (2195} (1946) (1949 (I13.60)  (20.75)
Arka Keshay 2220 EXT(H 224 1417 1400 11.08 1891
Q813 (3526) (810 (2198 (198 (1950)  (2531)
Arka Midhi 22.24 3528 1643 (WA 14.05 3.32 i%.04
(2811 (3825 (2617 (1948) (2193 (1678  (25.10)
Mukiakeshs 14148 1500 1413 .18 8.3z B 1745
(2193) . (3009 (2195} (1671)  (1676) (1674  (20.69)
Neelam Long 2500 a5 2784 14.12 16.73 11.i0 2113
Golly  (3695)  (3186) (2193  (24ISy  (1943)  {(21.38)
Kharua Benpena 833 14.18 14.09 8.27 B.35 2,70 §.30
(1675 (21.96)  (2193) (1669 (167D 947 (172D
-2 14.08 19 .40 2781 19.43 19.45 (AN 18.25
2150 {26.14) {31.34) 26.16) {26.18) {19.51) {257}
Sapalisingia 2226 2781 250 1416 16,68 §.20 13.48
) (20120 G18Y) (30000 (219)) (415 (1675 (2546)
S.Ed+ NE 2215 NS NS NS& NS 1522
CD{P=01.05) - 4,52 - 3034
WL | PjU.ﬂ] ) - .07 - 4037

Mean of 3 replications {3 plamsfreplication)
* Mean of data pertaining to 6 dales of observation. Figure in parentheses are angular

values



Table 36. Population density of A, gossypii on brinjal varieties

Varjety Aphid population density {no./leaf) “Seasonal
16.1.99 3119 15299 239 17.3.9% 1.4.99 mean
Puva Kranti 083 822 2.4] 0.30 ).28 .37 207
{1.33%) (2.68) [1.24} (1.34) {131} (1.37} (1.65)
Pusa Purple Long 267 7.117 30 .87 149 .91 238
R {286} {2.05) (1.9 {1.58) {1.38) (1.90)
Pusa Bindu .68 i 178 1.04 1.01 043 i34
(1.28) (2,07 (1.94) (1.43) (1.42) (1.19) (1.56)
Pusa Utlam 197 6.12 276 1.30 1.72 077 244
(1.72) (267) (1.94) {1.52) (165} (133 {180)
Pusa Bhairay 205 6.25 2732 ] .36 h7g el |
(175} (2.6 (1.9} {113 (1.56} (32 {17
AB-2 1.49 a.51 103 23 1.29 {.4% 2.7
{1.58) (2.74) (2.00) (1.09) (1351) 421 (L6
Aruna 043 211 253 0.24 1.22 0.14 1.11
(1.19) [1.76) (1.88) (1.10) (1.49) (106} (141
K5-131 0.9 2.1% 2.36 .68 1.55 {145 1.36
(141} {1.779) {1.83) (129) {1.59) {119} (1.52)
Pant Samrat (67 244 165 0.64 1.28 0.30 1.34
(1.27) (1.86) (1913 {1.28) (1.51) (116 {1.50y
Arka Keshay 1.52 6.32 2.62 0.61 116 069 2135
(1.59} 2.7 {1.90) (.27 {147 {1.30) (1.71)
Arka Midhi i.4z 523 2.3 [.20 .40 1,319 1.94
(1.55) (2.49) (1,82 {1.49) (1.55) (117 {1.68)
Mukiakeshi 242 .00 120 136 1.E3 D78 283
(1.85) (3.00) {2.05) (153} {1.68) {1.33) (154
Neelam Long 136 6.90 295 076 1.94 045 2438
(1.69) {2.81) {1.99) {13 (171 (1.19) (1.78)
Kharua Bengena 0.23 .25 218 1.00 1.08 0.16 115
(1.10) {1.80) (1.78) (1.41) [1.44) (1.07) (1.44)
IC.2 2.94 £.048 356 R 1.8 (.94 325
(1.98) (31 {2.13) (1.73) (1.73) (3% (199
Sagalisingia 2.2 6.83 159 1.24 1.76 0.73 156
(L78) @79 (89 (49 (88 (137 (181
 SEd+ 0.107 0.0% 0.039 0.060 0.028 0.092 0.052
CIXP=0.05) 0218 0074 0.079 0185 04057 0.18%8 0.05¢
CD{P=0.01) 0293 0.09% 07 0.249 0077 NS 0678

Mean of 3 replications (3 plants/replication}

* Mean of data of cach dale. Figures in parentheses are +1+ x transformed values.
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density of 1.11 aphids/|eaf and *Kharua Bengena® with 1.15 aphids/leaf were af par while
JC.2 with a highest of 3.25 aphidsfleaf significantly differed (F = 0.01) fram other
varietics. Varielies Pusa Purple Long and Mulaakeshi (af par) followed by ‘Sagalisingia’
and Pusa Uttam (at par) registered higher seasonml mean population dersities end
varieties Pusa Bindu, K5-331 and Pamt Sammat which were of par harbowred

comparatively low densilies of 4 gossypis population.
4.10.2 Infestation of H. vigintioclopunciata on brinjal varieties

Table 37 and Table 38 present the data on intemsity of atlack and population
density respectively of H. vigintioctopunctata on brinjal varieties. Plate 22 and 23 shows
the leaf infestation by larvee and adult, respectively. Initially, the intensity of infesiation
was low, ranging from 3.20 per cent infesied planis in Arka Keshay to 32.50 per cent
infested plants in Pusa Bindy on 7 Febmary. No mfestation was recorded on Aruna,
KS-331, 'Kharua Bengena’ and ‘Sagalisingia’ on 7 February. Intensity of attack on
different varielies as recorded on this date did not differ significantly. The inlensity
increased in most of the varieties when counts were laken after two weeks [ e, on 2!
February, where Pusa Bindu suffered the attack at peak intensity (79.50%) while ‘Khama
Bengena’ suflered only 2.30 per cemt. There were highly significant (P = 0.01)
diiferences among varieties with regards lo inlensity of atlack on this date. Vareties
Sagalisingia, Pusa Kranti, Aruna, KS-33!, Pant Samrat, Arka Keshav and Muktakeshi
were af par (at P = 0.01) regislering 4.80 1o 15.30 per cent attack by the beetles; whereas,
IC-2, Pusa Purple Long and Pusa Uttam suffered comperatively higher intensities with a

range of 47.30 to 49.40 per cent. On 7 March, the intensity of infeslation was m peak on



Table 37. Intensity of attack of H. vigintioctopuncrata an brinjal varieties

Variety Cate of observalion and inlensity of attack (% leaf infested) "Seasonal
72.99 21.2.99 7.3.99 21399 5499 20.4.99 mean
Pusa_-ﬁ ranli 10,30 13.9) 3220 11.10 360 9.00 12.84
[18.75) {21.91) {314.54) (1949 {13.70) {17.45) (2096}
Pusa Purple Long 25.60 47.30 69.10 30,80 13.90 15.90 3263
{30,472} (4343} (56.25) {3174) (21.86) (23.50% (34.86)
Fusa Bindu J2.50 79.50 60,60 32.50 900 2040 38.0%
{34.78) {63.10) (51.14) {34.720) {17.4%) {I6.81) {38.00)
Pusa Lttam 20,40 43.90 76.70 11,63 12,70 21.50 3428
(2682} (4437 (6LIS)  {(3420) {2089 (2767}  (35.84)
Pusa Bhairav 146,50 7 £2.80 2850 1230 15,80 25710
{23.98) {27.95) (5243} (3228 {20.51) {25.68) (3047}
AB-2 540 19.20 45,60 880 750 12.60 18.16
{13.44) {25.96) {42.50) (3247) {16.23) £20.580) (25.23)
Artuna 0.0 10,79 1580 13,30 370 0.00 4,78
(0.08) (1906) (2343 (2140) (111D (0.08)  (12.52)
K5-33] .00 13.30 2640 1340 5.30 1464 9.66
(0.08) {23.03) {30.89) (21.44) {1392y  {19.05 (18407
Pant Samrat .50 11.00 IEH 11.40 560 (.00 Q.68
(17.28) (19.38) (38.57) {£2.75) (1370 {0.08} {15.12)
Arka Keshav 320 14.00 30,70 7.4 4.50 6.30 a9.42
[10.32) (21.9%) (3363} (13.58) (1247) (14 34) f13.11)
Arka Widhi 5.50 28.00 4530 19.20 328 g.20 1743
(13.56) {31.92) {42.28) (2596) (16.76) (1767} (24.70)
Muktakeshi [3.20 15.00 66,30 26,50 2.0 (.00 15,24
(21.32) (22.30) {34.54) {30,949} {B.15} {0.08) {22.99)
Neelam Long 0.7 28.40 5900 257 10.80 460 21.00
(19.08) {32.22) (50,25} (30.47) (19.20) (12.38) {27.26)
Kharua Bengena (.00 2.3 [3.50 18 250 2.10 294
{0.08} {8.74) {21.55) (10.78) (2.63) (8.34) {9.35)
1C-2 3.30 49 .40 6841 2460 TR0 15,30 2663
(17.28)  (4462)  (5576)  (2979) (1625}  (23403) (311D
Sapalisingia (.00 4.80 1570 6.3 370 0.0¢ 320
(G08) (1265  (2334) (1437 (ilO7) [0.08)  (10.30)
S.Ed+ NS 5.350 4 640 NS NS NS 1394
CD{E=0.05) 10.910 0483 - - 7.163
CINP=0.01) 14.65] 12742 - 9531

‘Mean of 3 replications (3 plants/replication)
* Mean of dala penaining to 6 dates of observation. Figure in parentheses are angular

values
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most of the varieties ranging from 13.50 per cent in ‘Kharua Bengena’ to 76.70 per cent
in Pusa Utlam. On this date also, varigties showed highly significant differences (P =
0.01). Varielies shuwi;lg least ntensity of attack were *‘Sagalisingia’ {15.70 %2) and
Asuna {15.80%), which were @ paor with ‘Kharue Bengena’. Vareties with
comparatively high intensity of attack were Puza Purple Long, Pusa Bindu, Pusa Bhairay,
Mukiakeshi, MNeelam Long and JC-2, which registered inlensities of more than 59.10 per
cent. The intensity of atack decreased thereafler. No significant differences occurred
among varieties in this respect from the next sampling occasion onwards. Seasonal mean
inlensity was highest {38.03%) in Puga Bindu and lowest (2.96%) in ‘Kharua Bengena’,
The lowest values of non-significant range of seasonal menn intensity was 2.96 to 9,68
per cent which included varieties ‘Sagalisingia’, Arka Keshav, Pant Samrat, KS-331,
Aruna and ‘Kharua Bengena’. The highest non-significant range was 25.70 to 38.03 per
cent seasonal mean intensity obtained i varieties JC-2, Pusa Bhairav, Pusa Utlam, Pusa

Purple Long and Pusa Bindu,

Population density of H. vigintioctopunctata was recorded on brinjal vanelies
from 7 February. The highest density of 4.07 beetles/branch and lowest of 0.12
beetles/branch were recorded on JC-2 and Arka Keshav, respectively on this date,
However, no population was observed on Aruna, KS-331, ‘Kharua Bengena’ and
‘Sagalisingja’. There were highly significan differences among varieties with segards to
population densities. The population data on the next sampling date showed the highest
population of 14.56 heetlés!hranch in Pusa Bindu followed by Pusa Pwple Long

(8.47/branch), Pusa Uttam (7.99/branch) and JC-2 (6.61/branch) and the lowest



Table 38. Population density of H. vigintioctopunciata on brinjal varieties

-

Yanery H. vigintiociopunceata population deasity {noJ/branch) Mean
1299 FARR 7.3.99 21399 5499 20.4.99

‘Pusa Kranti .47 L5 5.79 119 045 1.36 .96
(1.56) {1.58) (2.60) (1.48) (1.20) (1.53) (1.66)

Pusa Purple Long 313 347 1410 5.64 192 in 6.09
(2.03) (3.08) {3.88} (2.56) (1.70) {2.07) (2.55)

Pusa Bindu 354 14.56 10.13 431 0593 262 8.1
{2.13) (3.94) (3.33) {2.30) (1.38) (190} (2509

Pusa Uttam 191 7949 11.77 4 86 1.32 114 533
(197} {299 {3.56} (2.42) (1.5 {2.03) {2.42)

Pusa Bhafrav 2135 431 582 4.54 2338 277 418
{1.77} {2.30) (3.14) (2.35) {1.84) {1.94) (222}

AB-2 .29 .06 543 337 0.93 1.60 2435
{113 {1.74) {2.72) (209} {1.38) {161} (1.78)

ATuna 0.00 1.4¢ 4.03 2467 0.32 0.00 144
{1.00) (1.54) {2.24) {191 (1.14] (1.00} (1.47)

K5-331 .00 173 452 1.56 0.4l 125 1.58
{1.00) (164} (2.35) {1.55) (1.18) (1.46) {1.53)

Pant Samrat 073 093 6.87 1.32 0.54 0.0¢ 1.73
{1.32) (1.390 (2.80} {1.52} (1.24) {1.00) (1.54)

Arka Keshav 012 274 732 377 (.88 195 2.80
{1.03) (1.93) {2.37) (2.18) (1.37) {71} (1.85)

Arka Nidhi 0.43 387 7.9 340 i.0% |.28 259
(A9 {2.21) {2.99) §2.09) {140 {1.51) {1.89}

Mulkiakeshi 0.74 .06 589 266 0,40 000 1.19
{1.32) {1.43) {2.62) (150 {1.16} {1.00) {1.57)

Neelam Long 1.88 154 0.58 4.09 .08 0.66 354
(1.69) (222} {3.25) {2.25) {141} {1.27) (2.02)

Kharua Bengena (VALY 0.41 365 0.56 Q.51 073 .98
AL (1.18) (215 {1.24) (1.2} (1.2G} {1.35)

1C.2 4.07 B.61 12,53 397 127 217 500
{2.25} (2.5} {3.67) {2.22) {1.50) (1.78) {1.36)

Sagalisingia 0.00 1.55 112 2.04 061 .00 1.89
(100 {1.5%) (2.85) (1.73) {1.26) L] {1.57}

 SEde 0086 0.128 0.156 0.182 0.162 0.148 0102
CI{P-0.05) 0176 th263 0319 0.372 0.332 0.302 0116
__CP=0.01) 0.237 (354 0429 0500 G447 {.407 0154

‘Mean of 3 replications {3 plants/replication)

* Mean of data of each date. Figure in parentheses are +/1+x lransformed values
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population of 0.41 beetles/branch in *Kharua Bengena’. The peak populalion density for
mest of the varieties were anained on 7 March. The highest peak of 14.10 beerlesa/branch
was obtained on Pusa Purple Long and lowest peak was registered by ‘Kharua Bengena’
with a population density of 3.65 beetles/branch. However, Pusa Bindu exhibited the
highest population density of 14.65/branch on the last sampling date. The popularion of
H. vigintioctapunctata slarted decreasing after attainment of peak in each successive
sampling and reached Lheir lowest level during the first week of April (5 April) and again
increased slightly in some vaneties, The population density of the phytophagous
coceinellids in different brinjal varieties differed significantly in all sampling detes at }
per cent probability level. The seazonal mean comparison of population densities among
varieties of brinjai showed highly significant differences at P = 0.0}, Varieties Pusa
Purple Long and Pusa Bindu were most susceptible among the varieties showing high
seasonal mean densities of 6.0% and 6.0] beetles per branch, respectively and the only
least susceptible variety ‘Kharua Bengena’ carried a seasonal mean density of (.98
beetles/brunch, which was sipnificantly different from all other varieties. Varielies Aruna,
KS-331, Pant Samrat, ‘Sagalisingia’ and Muktakeshi harboured comparatively low
densities, while Pusa Uttam and JC-2 harboured comparatively high densities of

H. vigintioctopunctata.
4.11 Ranking of brinjal varieties for resistance/susceptibility

Ranking of brinjal varieties for resistance/susceptibility was done for 4 gossypii
and H. vigintioctopunctata based on their population density. Infestation parameters such

as intensity of atack and population density exhibited significant differences among
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brinjal varieties for both the pest species. Out of these two infestation parameters, pest
population density was chosen as a basis for ranking varielies, because of its betier
precisions than intensity as the latter gives only an idea of the proporlion of leaves
attacked but no guantification of the damaging population on the sampled leaves/branch.
Hunee, ranking was done in terms of population density for both 4. gossypii (no. of

aphids/leal) and H. vigintioctopunciata (no. of beetles/branch).
4.11.1 Varietul ranking based on A. gossypii population

Ranking of brinjal varielies against 4. gossypii is presented in Table 39. None of
the 16 varieties could be ranked as highly resistent or highly susceptible. Only two
varigties were found to be resistant, namely Aruna and ‘Kharua Bengena' (local).
Moderately resislant varieties were Pant Samral, KS-331 and Pusa Bindu. Varieties Arka
Nidhi, Pusa Kranti, AB-2, Arka Keshav and Pusa Bhairav were ranked as moderately

susceptible and rest of the varieties were susceptible to 4. gossypii.
4.11.2 Varietal ranking based en M. vigintioctepunciata population

Table 40 shows the ranking of brinjal varieties against H. vigintfocropunciata.
Nogne of the varielies tesled could be ranked as highly resistant or highly susceptible, Out
of Lhe & varieties, only ‘Kharua Bengena' {local} was found 1o be resistant against
i vigintioctopunctata. Six of the vaneties namely, Aruna, KS$-331, Pant Samrat,
‘Bagalisingia’ (local), Muktlakeshi and Pusa Kranti were found to be moderately resistant.
Yarieties AB-2, Arka Keshav, Arka Nidhi and Neelam Long were ranked as moderately

susceptible and remaining varieties were susceptible to A vigintioctapunciata.



Table 39. Ranking of brinjal varieties based on population density of A, gossypii

Rank Population density Variety
(no. of aphids/leal)

Highly resistant <1 -

Resislant =1-<12 Aruna, “Kharua Bengena™

Moderately remistant >12-516 Pant Samrat, K.5-331, Pusa Bindu

Moderately susceptible 16524 Arka Nidhi, Pusa Kranti, AB-2, Arka
Keshav, Pusa Bhairay

Susceptible »24-<4 Neelam Long, Pusa Uttam,
“Sagalisingia”, Muktakeshi, Pusa Purple
Long, JC-2

Highly susceptibie >4 -




Table 4. Ranking of brinjal varietics bascd on population density of H.
vigintioctopunctata

Rark Population density Vanety
{no. of beetles/branch)

Highly resistant <0.5 -

Hesistant =5-<1 “Kharua Bepgena”

Moderately resistant > - %2 Aruna, K5-331, Pant Samral,
Sagalisingia”, Muktakeshi, Pusa Kranti

Muderately susceplible »2 - €4 ADB-Z, Arka Keshay, Arka Nidhi,
Neelam Long

Susceptihle >4 - <8 Pusa Bhairav, JC-2, Pusa Uttam, Fusa
Bindu, Pusa Purple Long

IHghly susceptible >B -
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4.12 Varietal effect on ceriain biclogicsl parameters of A gossypii

Laboratory biology of A. gossypii on different brinjal vareties to determine the
¢ifect of the varieties on nymphal period nymphal survival, adult longevity, total life
span, reproductive peniod, fecundity and rate of nymphal deposition, which are presented

in Table 41 and 42.
4,12.1 Effect of varieties on development parameters

Table 41 presents the data on nymphal period, nymphal survival, adult longesity
and toral life gpan of 4. gossypii on different brinjal varieties. The data clearly indicated
that bnnjal varieties significantly affected the nymphal period of A. gossypif. It was also
evident from the data (hat the differences (P = 0.01) in total nymphal period among
varicties were greatly influenced by the differences (P = 0.01) in first inslar durations,
which lasted as long as 2.78 days in Aruna and as short as 1.92 days in Muktakeshi.
Varieties did not differ significantly in respect of the durations of other nymphal instars.
The total n}mp.hal period of the aphid was shortest (6,99 days) on JC-2, which was of par
with AB-2, ‘Sagalisingia’, Pusa Purple Long, Pusa Bhairav, Neelam Long, Pusa Uttam,
Muktakeshi, Arka Keshav and Pusa Kranti, Whereas Lhe period was longest {8.31 days)

on ‘Kharua Bengena® followed by Aruna (8.09 days} and Pant Samrat (8.05 days).

The nymphal survival was neximum (95.83%) when reared on JC-2 and was
minimum {50.00%) when reared on ‘Kharua Bengena’. There was a highly significant
cftect (P = 0.01} of the varieties on the nymphal survival of the aphid. A non-significant
range of 8333 to 91.60 per cent aymphal survival was obtained on varieties

‘Sagalisingia® (2160 %), MNeelam Long {87.50%), Arka Keshav (83.33 %), AB-2



Table 41, Duration of developmental stages of A, gossypfi on brinjal varieties

T.En.a]

Total

Yariet Mymphal period {days) *MNymphal Toual Jife
Instar | Instacdl  losar B0 lostar 1V "L{':ma' 5“31‘;‘%“ 10;:!8;?}@' {ZF;::}
_ ~ {days)
Pusa K ranti 205:006  198£0.11 1.50:0.07 1584004 7304028 7SO0 12034058 19454107
{60.06)
Pusa Puple Lome 206009 1832008 US0x006 L6306 1133020 GL&0  115MOSS 190300
113.32)
Pusa Bindu 118014 1952007 1626006 1664008 758:037  TSO0 12002044 1957+00]
(60.0%)
Pusa Utiam 108008  196=006 1562008 752007 TI0:0.09  BTS0 1109406 1928208
(69.50]
Pusa Bhairas L98:006  LESZ0.08  160z0Dd  |.66:0.09  7.15:02% 8333 (208072 [9.20£L 1)
166.03]
AB- DOBEO00 1926006 1568008 L624D06  TU6H0IB 9160 11994050 19.i2+1.08
{76.19)
Acuna 278006 200£000 1665005 LT02049 093034 406 11808048 2008068
{47.41)
KS-331 JAB=005 2082000 1634007 1662004 THI0F 6683 1110057 199309
{54.90)
Pant $armrat TS=00T 198006 1926001 180s010 8052031 5406 12002073 20362128
(47.42)
Ao Keshav 2055001 G87:005  LBO:009 | TO:008  T3ie026 8333 12052087 1943%1.0%
{67.05)
Arka Nidhi 207000 192008 175006 175006 T65=032 7906 11S006] 1967117
- 63.19)
Muhtskeshi 1926013 LASEDNE  L7SERES  1AGX009  725:019 8333 LLES:0T0 19.20e078
(66.44)
NeelamLong 1956012 1814009 1624006 1758000 7096006 8750  1228:0.89 [9.55£1.4
(72.96)
Kharua Bengena 2554009 IT4008 1874004 1.80=008 8312039 5000 i 80:0.76 20.62+149
(45.00)
Je2 20:000  LT5007 166008 162009 6992027 9583 (2665061 (9.58¢137
($3.40)
Sugulisingia 2175008 1 B2005 158008 1382000 7076024 9160 2404047 (9314018
e (76.16) )
$.Ed4 0.14 0.17 6.00
COIP-0.05) 030 NS NS NS 0.35 12,5 NS NS
CCDIPUBD) 9o NS NS NS o4 16,50 NS NS

Wean of 24 individuals from two sueceasive gentrations
*Figure 1n parentheses are angulur values
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{91.60%), Pusa Uttam (87.50%) and Pusa Purpte Long (91.60%) at | per cent probability
level. Another non-significant range {50.00 - 75.00 %) from the lowest order of nyrmphal
suryival were regislered by varieties, Pusa Kranti, Pusa Bindu, Amuna, KS-331 and Pant

Samrat, which were a7 par wilh ‘Kharus Bengena'.

The data on adult longevity of A. gossypii was however, not significantly affected
by Lhe varieties. Aphids reared on JC-2 registered Lhe longest adult life (12.66 days) and
thoge reared on ‘Kharua Bengena' and Arnuna accounted for the shortest adult longevity
{11.80 days). Similarly, the data representing tolsl life span of A. gossypii on different
varieties did not differ significanily, The longest total life span (20.62 days) was recorded

on ‘Kharua Bengena’ and the shortest (19.12 days) on AB-2.
4.12.2 Effect of varieties on reproductive parameters

Dals on reproductive parameters are presented in Table 42. The pre-reproductive
period varied from 0.50 1o 1.08 days. Highly significant (P = (.01} differences existed
among the Earieties in this respect The varieties Aruna, KS-33) and Pant Samret with
1.00 day each and variety ‘Kharua Bengena® with 1.08 days were significantly different
(F = 0.01} from Lhe rest in respect of pre-reproductive period of A. gassypii. The
reproductive and post-reproductive period of lhe aphid did pot show any significant
differences among varieties. The reproductive period was longest {11.12 days) on IC-2
and shortest (9.95 days) on ‘Kharua Bengena’. The post reproductive period ranged
between 0.75 days in ‘Kharua Bengena’ to 0.90 days in Pant Samrat, The fecuntlity
observed were highest (54.48 nymphs/female) on JC-2 and lowest (31.80

nyrnphs/female) on ‘Kharua Bengena'. However, the varieties did not significantly differ



Table 42. Reproductive parameters of A. gossypif on brinjal varieties

Reproductive rate

Variety Pre-reproductive Reproductive  Post-reproductive Fecundity
peniod period perind {no. of mympks per {Mo. of
fdays) {days} {days) female} nymphs/female/dsy)

Pusa Krenti 0.75+0.08 10.48+0 06 0.800.03 42446439 4.05+0.09
Pysa Purple Long, (.50 04 10561045 0.8320.05 SLL5ET AL 4 51013
Pusa Bindu 0.83+0.07 1G40£0.21 080002 41 50394 4 7+0.08
Pusa (Jnam 0.58=0.06 10.58£0.26 0.830.03 44804416 4.3620.14
Fusa Bhairav 0.58£0.06 10502037 0.85£0.03 4781441 4.52+0.19
AB2 500 00 AT 058055 93750 466010
Amuna 1.00+0.08 5.98:0.52 0.83:0.04 33.26+3.62 3. 300,08
K533 (RLL LY 10204067 080003 42334363 4.20x0.08
Pant Samrat 1.00£0,08 10.100.8) 1.90:0.03 39404363 3.92:0.07
Arka Keshav 0.75£0.00 10.500.75 {.78+0.04 . 10£3.18 4 264018
Arka Nidhi 083+0.04 10244058 {:36:0.04 4341359 423402
MukLakeshi 0.66td.05 10,4240 93 080003 44 B4 05 4344032
Neelam LEIIIE.. 0.58£0.05 1081074 085004 41024518 4.4020.17
Kharua Bengena 1.0840.97 9.95:0.68 0.7540.03 3180326 3180.09
JC-2 {1, 50+0.06 FEE2H0 53 084003 54.4827.22 4.98+0.38
Segalisingia 0.50+0.04 |1.0&0.60 0.86:0.04 51.854638 4780.29

S.Edx 815 0.39

CD{P=0.05) 0.30 NS MS N§ 0.81

CDiP=0.01) 041 NS NS NS 1.09

Mean of 24 individuals fyom two successive generations
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in this regard. Aphids showed marked variation in reproductive rate when reared on
different brinjal varieties. The maximum reproductive rale was observed on JC-2 (4,98
nymphs/female/day) followed by Pusa Purple Long (481 aymphe/female/day) and
‘Sagalisingia’ (4.78 nymphs/female/day) and minimum on ‘Khama Bengena® (3.18
nymphs/female/day) followed by Aruna (3.30 nymphs/female/day) and Pant Samrad (3.92
nymphs/female/day), Pusa Bindu (407 nymphs/female/day) also registered

comparatively lower rates of reproduction.
4.1} Varietzl efTect on biological parameters of H. vigintioctopuncitara

Laboratory studies perlmining & the compamlve  Dbiology of
H. vigintioctopunciata on different brinjal vaneties were made to asceriain its possible

e¢ffects on biological parameters. Table 43 Lo 46 show the data on relevant parameters.
4.13.1 Effect of varieties on developmental parameters

The data on incubalion period, larval period and puopal period of
£ vigintigctopunctata on different brinjal vaneries are presenled in Table 43, It is
apparent from the data that brinjal ?uriclies significantly mfluenced on the deveiopmenltal
pericds of egg, larva and pupa. The incubetion period was mmaEximum (500 daysy in
vatiety Aruna and minimum {3.26 days) in Pusa Bindu. The incubalion periods recorded
on Pusa Purple Long, Pusa Bhamav, Arkz Nidhi, Neelam Long and JC-2 were
comparatively shorter (3.86 to 4.06 days) which were statistically ar par. In all other
varieiies, the incubation period was longer (4.26 Lo 4.93 days). Significant differences (p
= (.01 were also found among varieties in respect of durations of all the larval instars

and 1otal larva) period of H. vigintioctopunciata. The tolal larval period of 21.63 days



Table 43. Durution of developmental stages of H. vigintioctopunctata on brinjal

varieties
Vanety Incubation Larval period (days) Tolz! Larval Pupal period
period {days) - period (days) {days)
Inster | inster ] Instarll Insar TV
Pusa Kranii 426018 501006 528004 385042 6112034 21252089 505032

Pusa Furple Long 34640012 480007 3988022 321:024 4202029 16.19:0.93 07045
Pusa Bindu 1264003 445005 4082002 30035 343026 1303078 5.070.65
Prusa Uttam 4.66£0.04  5560.08 3024000 330=011 407034 17.95+0. 82 S.16x0.46

Pusa Bharay 3861006 453003 368003 3051003 493015 1869065 502031

AB-2 44002 SB60.03 5224033 422009 477066 20.06¢1.02 5.09+0.18
Auna SOHGI3 566021 6445028 3TIHOOR 483046 20.45:009] 54440 78
K5-331 493006 SEELQ0%  SIR004 450002 43R016 1948079 3262035
Pant Samrat 473006 37011 509023 4930103 SERGS4 21632098 518029

Atka Keshav 435008 5304007 6082035 416021 458009 20.06c(.85 4 50017

Arka Nidin JA90.05  5T1£0.00 566015 4153003 448£06d 2000088 508012

Mukukeshi 448013 578005 478011 1052008 S4I12000 1 02:0.46 §.30x0.23
=

Meelam Long 400004 575010 400007 3830UE 408200 17.66x0.M 4.50+0.28

Kharua Bengena 4462011 S1100E 516032 430015 583044 2149106 5.4B+0.63

1IC-2 406£0.15  3100.02 400009 4.08£023 450036 1768073 506044
Sapalisingta 4574001 5954004 436006 423007 503011 19.60:0.90 4.5540.17
S.Ed4 033 0.37 023 i3 0.23 LN F: 013
CBP=0.05) {158 0.73 o047 .37 0.51 4% 030
CO{P=0.01} 084 162 0.63 050 0.68 1.59 |

Mean of 15 individuals from one generation
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recorded on the variety Pant Sammat was the maximum and 15.02 days in Pusa Bindu was
the minimum. The larval period recorded on Pusa Purple Long (16.19 days) was
comparatively shorter which was gt pgr with Neetam Long (17.66 days) and JC-2 (17.69
days). The larvae look compamatively longer periods for developmeni on ‘Kharua
Bengena' {21.49 days), Pusa Krami (21.25 days), Muktakeshi (21.02 days) and Aruna
(20.65 days). As regards to pupal period, the varieties ‘Kharua Bengena’ and Arka
Keshav registered the longest {548 days) and shoriest (4.50 days), respectively.
Statistical analysis indicated significant difference among the vaneties in respect of pupal
period. VYaneries ‘Sagalisipgia’ (4.55 days) and Neelam Long {4.80 days) exhibited
camparatively shorter pupal periods, whereas Muktakeshi (5.30 days), K8-331 (5.26

days} and Pant Samrat (3.18 days) showed comparalively longer pupal periods.

The data on egg hatchability, iarval survival, adult emergence and growth index
of H. vigintioctopunctata on different brinjal varieties are presented in Table 44, The
maxiftum per cent egg hatchability (88.50%) was observed on Arka Keshav and the
minithum percentage (56.00%) was on ‘kKharua Bengena’. There was significant
difference (P = 0.01) among varieties in respect of per cent hatching of eggs. Significant
differences (P = 0.01) existed among themm in respect of larval survival of A
vigintioctopunctata. A maximum of 93.30 per cent larvae survived and entered pupation
when they were allowed te feed on Pusa Utam, Arka Nidhi, and Pusa Purple Long which
were @f par with Pusa Bindu (92.50 %), while only 46.60 per cent larvag could survive
when they were offered to feed on Aruna which was slaustically not different from

KS - 33] and ‘Kharua Bengensa’. A maximum of 92.40 per cent adult emergence was



Table 44. Hatchability, larval survival, adult emergence sud growth index of I
vingintioctopunciata oo brinjal varieties

Variety "Halchabiliey *Larval survival *Adult emergence Growth
[%) (%) {%) index

PusaKmmi 60.00 7330 85.50 346
{50.77) (59.03) (67.76)

Pusa Pueple Long g200 03,40 G118 578
(63.10) {75.32) (T382)

Pusa Bingu 7304 9230 o2 40 847
(60.15) (T4.24) (74.06)

Pusa Uttam T8.00 933 9160 §.20
(62.163 (7561} {73.40)

Pusa Bhairay &d4.00 LU 84.50 464
166.56) 68.69) 166.99)

Ab-2 A e, O} 62 50 189
(55.21) (50.82) (52.25)

ATuna 62.50 46 80 15,00 2.26
(52.31) (43.04) (58.94)

K3-331 T30 47.50 57.30 243
(5881 (41,55 (€9.70)

Prani Samrat B3 133 §0.00 339
(63.70) (59.01) {6349)

Acka Keshay BE.3) s 00 91.65 398
(65} {63.60) 173.50)

ﬁrkiNidhi Be.00 93.30) 92.30 4.47
[BA.20 (7543 (74.74)

Mukiakeshi 975 650 LR 1T
(63103 {347k} (6938}

Neelam Long B30 80.00 .90 4.36
(68.47) €352 (T268)

Kharua Bengens, 56,00 53.30 7140 248
(4852) 26.89) (57.80)

ic-2 80,04 O §1.80 453
63.49) (63.49) (61.75)

Sagalisingia 710G 7330 6850 1M
. (57513 (58.90) A

$.Gd 147 235 2904 o

CD{P=0.05) 7.080 5319 5931 0.367

CIPO01) 0,548 7.029 7.987 £.493

" Mean of three replications (1 egg cluster/teplication)
¥ Mean of five replications {3 individuals/meplication)
Figures in parentheses are angular values
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recorded on Pusa Bindu followed by 92.30 per cent emergence in Arka Nidhi. The
minimum record of adult emergence was oblained on AB - 2 (62.50 %) followed by
“Sagalisingia® (66.60%) and ‘Kharua Bengena®' (71.40 ). Vareties did”influence

emergence of M. vigintioctopunctaia adults significantly.

Stacistical analyses indicated that there was a highly significam gifference (P
=0.01) of growth indices recorded on brinjal varieties. The variety accounting for a
cansiderably high growth index was Pusa Bindu {6.17). The lowest index was worked out
for Aruna (2.26) followed by KS - 331 (2.43) and ‘Kharua Bengena’ {2.48). The varieties
Pusa Purple Long and Pusa Uttam were also found suilable for the beetle with growih

indices of 5.78 and 5.20, respectivety.
4.13.2 EfTect of varieties on reproductive parameters adult longevity and sex ratin

Dara on meting period, oviposiuon period, fecundity, rate of oviposition, adult
lopgevity and sex ratio of H. vigintioctopunciaia on different brinjal varieties are
plesented in Table 45. It i clear fiom the analysed dala that there were highly significant
variations (P = 0.01) of these parameters recorded on the varieties. Oviposition period
was, however, not effected by varietat influence. The adult male and female of the
coccinellid copulated as leng as 32,30 minules in JC - 2 variety and managed to mae
only for 18.07 minules in Puse Kmuti. Preoviposition period alse showed significent
difference (P = 0.01) among varieties. The edult femaies took as long as 13.44 days
before deposition of their first batch of ¢ggs in ‘Kharus Bengena', where as in Pant
Samrat, Pusa Bindu and Pusa Bhairav, they ook less than 2.65 days to oviposil.

Oviposition period did not show any significani difference among varieties bu fecundity



Table 45. Reproductive parameters, adult longevity and sex ratic of K.
vigintioctopunctarta on brinjal varictices
Yariery Mating Pre- Owipmsitim  Fecondity  Reproductive  Aduit ™ Sex o
period  ovipasition  period {po. of raig (cpes’  longevity Male ; Female
(M. | period {days) cpgsfomaic)  female/day) {days)

(days) lab.  Field
Pusa Krznti ) 18074215 90068 PTT9E2 (8 132503097 732el08 AT f0 14T0fd 10002
Pusa Purple Long 26024305 947:l.0 27004338 273793374 1040:08) 65362703 (41004 (0304
Pusa Bindu 03240 B20EF  IRTIARL MIRZ&EI60T  i2EH096  TAITERS52  E2EH0.03 106208
Pusa Uttum 104143 LLESA090 21194182 228901703 1073137 610639 1360002 102003
Pusa Bhairay JLO0+d 00 B650.71 24064222 1744621938 TIdx089 S403:3468 129001 11340.0%
ABd 0=l 30 1036eb 02 TRTRLYY  |1440164% 6052086 36454226 2TR0AT 133H00H
Anit WASI00 FLOGI26 17654058 LID30+1332 6564071 3340E239 163009 119000
K3-33 Mp|5£l35 SI6HDET 195N 1155041843 ﬁ.ﬁ;fiﬂ.TE 384306 218007 | 18008
Pant Samr 50245 808057 1800250 1507621060 BAERDHd 35812291 161004 Li2#005
Arka Keshay 29552 10 1026110 20604280 MEILITEG 1123077 42680098 L7006 121000
Arka Midhi B35 1096096 2075198 22986il840 1036087 48295286 1AKHD4 109003
Wukrakesh; 1920105 999091 2171186 251262539 1043000 43084240 162005 117007
Neelam Long 2L00e140  TE05103 21344257 1E020:1945  R9RsRB) 33ETL30 15&00R 108002
Kharva Bengena 1840300 13442132 2020331 1023021193 50097 41812 234047 L2006
It-2 JLMHIS0 93109 M23b 87 MEIGEIBS6 14134145 SE1I=SE (324003 1044003
Sagalisingia 1004125 12192095 20294209 §10530x1431  3S5E400 4448339 258014 103005

SEds 408 1.2 NS it B 150 17 014 W5

CLEP=0.03) .3 148 5957 107 15.81 028 NS

CO{P=0.01} {118 13 812 413 2l.26 038 N8

Mean of ihree replications {each replication contain one pairs of male and female)
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was significantly (P = 0.01} affected by Lhe varieties. The highest fecundity (340.1¢
epgs/female) was recorded on JC - 2 followed by Pusa Bindu (328.26 iggsz‘fema]e]. The
variety ‘Kharua Bengena' accounted for the lowest fecundity (102.3 eggs/fernale)
fellowed by ‘Sagalisingia® (110.30 eggs/fernale). Similarly, significaml varietal effects
{P = 0.01) on rete of oviposition also existed. Vanety JC - 2 with a maximwn rate of
oviposilion u_f 14.13 eggs/femnale/day was followed by Puga Bindu with 12.82
egps/female/day, whereas ‘Kharua Bengena' registered minimum of 5.16

eggs/female/day.

The aduit longevity and sex ratio of H, vigintioctepunctata on different brinjal
varieties were found to be significamly different (P = ¢.01). The mean duration of adult
stage was longest (75.37 days} on Pusa Bindu and shortest (33.27 days) on Pusa Kranti.
Varielies, Pusa Purple Long and Pusa Utiam also registered comparatively longer adult
longevity (61.06 to 65.36 days}), while nine varielies showed comparatively shorier
longevity ranging from 33.40 10 48.29 days, which were af par (P = (.05). The male to
female ratio of . vigintioctopunctata observed in the laboratory differed significantly
(P = 0.01} among varieties. For every female, 2.77 numbers of male were encounterad in
variety AB — 2, which was the highest, while 1.28 male /female in Pusa Bindu was the
lowest. A higher sex ratio {* 2) was also achieved from Aruna, ‘Sagalisingia’, ‘Kharua
Bengena' and KS - 331, whereas lower sex ratios (< 1.40) were found in varieties Pusa
Uttam, JC - 2 and Puga Bhairav. However Lhere were no significant differences among
varieties in respect of sex ralios in Lthe Feld collected population. The sex ratios ranged

from 1.02 - 1.23. Highest being recorded on AB - 2 and lowest on Pusa Uttam.
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4,13.3 Effect of variefies on leaf area consumption

Varietal effect on feeding behavior of . viginﬂ'acmpwfcﬁa was studied in the
laboratory. The data on leaf area consumption of the grubs and adults of the beetle are

presented m Table 46.

The leaf area consumed by larvae in different stages significantly differed

{P = {.01) from variety to variety. The first instar larva consumed more leaf tissues while
feeding on leaves of Pusa Bindu (0.70 cm*/48 h). The variety least suitable for feeding of
the first instar grub was ‘Kharua Bengena’ with a consumption of ©.26 cm’/48 h. Leaf
consumnption by the first instar larvae was comparatively less in Aruna, Pant Samrat,
KS - 331 and Muktakeshi in which feeding ranged from 0.28 to 0.31 ¢m” in 48 h. Rest of
the varieties were relatively more suilable for larval consumption. Similarly, second, third
andd fourth instar larvae also exhibited sipnificant vanations of feeding on different
varielies of brinjal. However, suitability of a particular variety in terms of leaf area
consumption remained almost consistent for the grubs in different instars. The mean leaf
) area consumption/48 h by a grub in ita larval life showed that Pusa Bindu was the most
preferred variety {7.68 om*/48 h) and ‘Kharma Bengena® was the least preferred one (1.99
c/48 h) and both were significantly different from other varieties, In varieties, Pusa
Purple Long, Pusa Uttam, Pusa Bhairav agd JC - 2 the larvae could comferiably ¢onsume
more than 5 cm?in 48 h. Adult beetles also exhibited similar rate of consumption as did
the grubs in different varieties, Pusa Bindu was the most favoured food followed by Pusa

Purple Long and Puse Uttam with a leaf area consumplion ranging from 13.32 1o 20.20



Table 46, Leaf area consumption of H. vigintioctopunciata on brinjal varieties

Variety Leaf area consumptioy43 h. (cm’)
Larvi! ttrges
Adult
Instar | Irstes 1§ Irutar HY Irstar |¥ Mean

Pusa Kranli 0.38 1.80 1.40 1.50 326 830
Pusa Purple Long 0.54 130 9.2% 1270 6453 14.60
Pusa Bindu .70 160 9.80 16.64 768 .20
Pusa Utzm 0.4 3.00 750 .50 50 1332
Pusa Bhairgy 0.43 230 7.5 1170 5.8 1%
AB-2 .38 1.8 4.60 7.3 ix .50
Anina 0.3 109 368 646 184 524
K5-331 0.29 1 4.64 .70 370 9.18
Paut Samn £430 258 4.50 8.54 1o R4
Arka Keshay 0.52 2.9 5.00 9.1 444 10,40
Arka Nidhy .46 LAY 535 B84 440 1140
* Mukmkeshi 0.2% 214 451 TAQ 13 9.40
Neelam Long 048 B 580 5% 4.5 18.20
Khartz Bengens 025 L3 270 152 1.94 208
2 0.42 246 .96 9.78 5.25 11.80
Sagalisingia 0.49 1.50 418 .56 328 940
5 Edx {1024 0.097 0.155 0.1%9 0.113 0218
CIHP=0.105) .049 6.198 031 0.387 0.231 .446
CDIP=001) D067 0266 {427 £.522 (L2914 £.60)

Average of three obzervations
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cr;f‘r’—‘lﬂ h, while ‘Kharua Bengena’ was the least favoured one followed by Armna and

AB -2 {5.08 to 8.5 cm’/48 h).
4.14 Physical characterz of brinjal varieties

Data on physical characters of brinjal varieties, viz., foliage density, leaf area, leaf
thickness, angle of leaf attachment, pilosity, veinlet density, stomalal density and leaf

colour are presented in Table 47,48 and 49.
4.14.1 Foliage density

Data on foliage density of different brinjal varieties are presented in Table 47, The
mean foliage density ranged from 15.00 leaves/plant in Neelam Long to 77.00
leaves/plant in Aruna. The lalter was closely followed by Pusa Purple Long (71.33/plant},
Pusa Kranu (69.67/piant), “Sagalisingia” (68.67/plant), ‘Kharua Bengena’ (62.67/plant),
and Pusa Bindu (60.33/plant). Wheress Muktakeshi, Pant Samrat, KX5-331, Arka Nidhi
and Arka Keshav had significantly lower foliage densilies (16.67 — 24.00/plant).

» Statistical analysis showed significant difference among the vaneties.
4.14.2 Leaf area

It is evident from Table 47 that the area of leaves increased with Lhe increase in
age. The maximum area of young leaf was found in Muktakeshi (49.10 cm®} while
minimum was recorded on Pusa Kranti {18.43 cm®) followed by Aruna (19.27 cm?) and
Pusa Uttam and AB-2 {20.67 cm?). Mukiakeshi possessed the biggest (93.97 cm?)
medium aged leaves and Aruna lhe smallest [3;4.43 crm®. Similarly, in respect of older

leaf also, Mukiakeshi registered the largest leaf area (187.86 cm?), while Pusa Utlam had



Table 47, Foliage density, leaf aves, Icaf thickness and angle of jeaf attachment of

brinjal varieties
-‘;';ety T 'Foliage ’w; (i) 2&&@ *A;g: af leal
depsity = {mm atachment
{eaves/plunt) Young Medivm aged oM {degieed
leaf teaf Teaf
-’F‘u:;mmi N 61;.'-5? 1843 60,99 11683 0.240 76,33
Pugs Purple Long 7.5 2547 56,37 i0.59 &1 LT
Pusa Bindw 44.13 nis 7430 1274 0213 58.33
Fusa Thenm 067 2067 720 6137 g1kE 413
Pusz Bluatay 41 &) 1363 42.53 w3 wiz7 .08
AB-2 §5.33 067 4i.03 26 0.293 55.00
Arani T 1927 pLL ! LR ﬂ.; i3 51.33
Ks-13 nn % 1243 14200 0.153 38 00
Pans Sameal YR 220 E6.08 166.33 BY63 1033
Arka Reshay 4.0 a4 ERRE §50.36 9.206 2.1
Arka Nidhi 267 3049 nA 115 a7 4833
Mvkuakeshi 16,67 49.10 9141 187 86 Ul £3.33
Neelam Long 15.00 347 14463 15023 1130 46.67
Khansa Bengena 6247 1400 45,87 We.7e 9203 4613
1G] 3800 430 Bn 15337 8413 4957
Sagatisingia 68.67 847 0N 147,60 8,147 £8.33
“‘S,Ed:t o 123 1.5% mn B S4z 0h2d 1%
COP=0.05) 18.82 in 5.54 15405 0049 63
ETP=G.41) 1w 153 145 1486 D066 B

T Mean of three abservations
* Menn of six observations

Young, medivm and old aged leaves were piched from top, mid and bottor and third of
canopy, respactively.
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the smallest leaf area {61.37 cm?®). Data on leaf area of different age groups of the

varieties varied significantly (P = 0.01).
4.14.5 Leaf thickness

Pala on leaf thickness tabulaled in Table 47, clearly indicated that there were
significant variations (P = 0.01) among brinjal varietics. The thickest leaf was found on
AB-2 (0.293 mm) and the thinnest on Aruna {0.113 mm), followed by Pusa Bhairav
(0.127 mm), Neglam Long (0.13} mm), ‘Sagalisingia’ (0.147 mm) and KS-331 (0.153

mim), which were ai par.
4.14.4 Apgle of leaf atiachment

Data on angle of leaf attachmem of different brinjal varieties are presenled in
Table 47. Significant difference ¢xisted among varieties in this regard. The largest angle
was recorded on “Sagalisingia’ (88.33 degrees) and the smallest was recorded on KS-331

{38.00 degree), which was at par with Pusa Uttam {41.33 degree).
* 4.14.5 Leaf pilosity

The statistical analysis of the daza (Table 48) on leaf pilosity (both upper and
iower surface of young, medium aged and older leaves) exhibited significant difference
among Lhe varieties, The leaf pilosity decreased with the advancement of age of Lhe leaf,
The maximum plosity (188,00 haira/9 mm’ on lower surface} of young leaf was found
on variety Aruna. The least pilosity on both the surfaces of young leat was found on AB-
2 (50.00 hairs’9 mm’ on lower and 31.00 hairs/9 mm® on upper surface). Varieties KS-

331, Muktakeshi and JC-2 also recorded comparatively higher leaf pilositiss ranging



Table 48, Leaf pilosity of brinjal varieties

Variexy ' Pilosity (no. of hairs® mee®)
Young leaf ~ Medium aged leaf Od e
U L U L U L

.Puaa Kranti 45.00 109,00 3.1 $0.33 26.33 50,00
Pusa Purple Lomg ~ 68.00 98.00 53.33 76.00 2.3 56.33
Pusa Bindu 17.67 50,00 2067 4.3 14.30 966
Pusa Uttam 45 67 1.67 27.33 49.00 12 66 800
Pusa Bhairav 1360 110.33 5200 £9.00 300 56.00
ARD 3.0 50,00 233 36.00 18.00 1964
Aruna 126.67 138,00 1167 160,67 106.66 146.33
KS-331 108.00 135,00 80,00 12367 63.00 100.33
Pant Samrat 51.33 76.33 17.67 55.33 2933 37,00
Arka Keshay 6433 8767 4033 57.00 2400 36.60
Arka Nighi .00 98.00 §1.67 7867 35.00 55.67
Muktakeshi 9167 121.33 $3.33 1333 70.33 96.33
Neelam Long 64.67 110.00 4967 £4.67 1633 35.67
K.harua Bengena 57.66 &4.00 46.00 52.00 W67 49.66
12 $5.00 120.33 T3.00 9967 64,67 $3.66
Sagalisingit 58.00 109.67 4047 59.00 10.33 64.00

5.Edx 2.5 311 213 244 249 238

CI{P=0.05) 5.19 £.35 43 497 5.07 485

CD(P=0.01} 6.98 854 5.34 5.6 642 6.53

' Mean of three replications
U = Upper surface, L = Lower surface

Young, medium and old aged leaves were picked from top, mid and bottom vne third of
canopy, respectively
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from 120.33 - 130.00 hairs/9 mm® on lower surface and 85.00 - 108.00 hairs’ 9 mm? on

upper surface.

[n case of medium aged leaf, the maximurn pilosity on both surfaces was found
on Aruna {160.67 hairs/9 won® on lower surface and 111.67 hair/9 mm’ on upper
surfzce), while minimum was recorded in AB-2 (36.00 haire’$ mm’ on lower surface)

and Pusa Bindu (20.67 haire/9 mrm® on upper surface).

*

[0 older leaf also, maximum pilosity on both surfaces was found in Aruna (146.33
hairs/9 mm® on lower surface and 160.66 hairs/$ mm® on upper surface) and minimum
pilosity was found in Pusa Bindu and AB-2 {2966 hairs/9 mm’ on lower surface) and
Pusa Untam (12.66 hairsd mm’ on upper surface) followed closely by Neelam Long
(35.67 hairs/9 mm? on Jower surface and 16.33 hairs/9 mm® on upper surface). However,
pilosity in Pusa Bindu and AB-2 on upper surface were 14.30 hairs/9 mm’ and 18.00

hairs/9 mm®, respectively, whereas pilosity in Pusa Uttamn on lower surface was 38.00

hairs'® mm?.

4.14.6 Veinlet density

Data on veinlet density of brinjal varieties are shown in Table 49, The data
showed significant difference among ihe vaneties in this regard. Varety ‘Sapalisingia’
contained (he highest number of veinlets (116.33/35 mm®) foliowed by Muktakeshi
{111.66/35 mm?), whereas Puss Kranli possessed the lowest (49.33/35 mm?), Neelam

Long (103.00/35 mm?®) and JC-2 {104.00/35 mm®) ulso recorded higher veinlet densities.
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4.14.7 Stomatal densiry

Data on stomalal density of brinjal varieties are presented in Table 49. Analysis of
varnance showed significant differences of stomatal densities among varieties. The
number of stomala varied from 23.33/40X mic-ficld in ‘Sagalisingia’ {0 68.33/40X mic-
field in KS-331l. Variety Arka Keshav (27.33/40X mic-feld) also registered lower

stomalal density.
4.14.8 Leaf colour

Data on leaf colowr of brinjal varieties are presenled in Table 49. Statistical
analysis showed that there were significant differences among vaneties with rcgm'ds to
leaf colour (red, yellow, blue, green} measured in Lovibond scale. The highest red colour
conponent was found in variety Pusa Bindu {5.18 Lovibond scale) and lowest wes
measured in Pusa Kranti (1.66 Lovibond scale). The intensity of yeliow colour after
subtraciing the dullness value {(i.e. red colour) was highest on Pusa Kranti (9.04 Lovibond
scale) in comparison to others, while Pusa Bindu (3.82 Lovibond scale) scaled the lowest,
The yellow colour on 3t olher vaneties ranged from 5.13 to 7.50 Lovibopd scale. The
leaves of varieties Aruna (2.83 Lovibond scale) and Neelam Loog (3.06 Loviband scale)
afier subtraciing dullness value, were found (o be lighter blue coloured. Intensity of blue
was more, particularly on ‘Sagalisingia® {4.50 Lovibond scale), Pusa Kyanii (4.36

Lovibond scale) and Pusa Uttam (4.30 Lovibond scale).

Greenness of the leaf was calculated by eliminating afl dullness velues,
Statistically, the data on intensity of green colour significantly differed among varieties,

It showed that the variety Pusa Kranti (13.35 Lovibond scale) possessed durker green
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coloured leaves as compared fo other varelies. Varieties Pusa Bindu (7.65 Lovibond
scale) and Aruna (8.03 Lovibond scale) had lighter green coloured leaves. Whercas, all

alher vanielies had green coloured [eaves measuring 8,97 - 11,53 Lowviband scale.
4.15 Riochemical characters of leaves of brinjal varicties
4.15.1 Total nitrogen content

Data on total nitrogen conlent of leaves of brinjal varieties are presented in Table
50. Varieties Aruna {3.81 %), JC-2 (3.63 %), AB-2 (3.62 %) and Pant Samrat {3.15%)
contained higher toral nitrogen contems. Lower contents of tolal nitrogen were found in

the Jeaves of Pusa Purple Long (2.14%), Pusa Utlam (2.18%) and Arka Nidhi (2.19%).

4.15.2 Crude protein content

Data on crude protein content of leaves of brinjal varieties are shown in Table 50.
The crude protein content ranged from 13.37 per cent in Pusa Purpie Long to 23.81 per
cent in Aruna, Vaneties 1C-2 (26.69%6) and AB-2 {22.62%) also had higher crude protein

confenls.
4.15.3 Potassium caontent

Data on potassium content of leaves of brinjal varieties are presented in Table 50,
Variety Pusa Bindu (1.64%) registered the highest polassium conlent followed by
varieties Pamt Samrat {1.52%), Atks Nidhi (1.48%) and Pusa Kranti {1.47%). The [ower
polassium conlents of leaves were recorded in vareties, JC-2 (0.89%), Neelarn Long

{0.96%%) and ‘Kharua Bengena® (3.97%).
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4,15.4 Crude Ebre content

Crude fibre contents of leaves of brinjal varieties are presented in Table 50. The
highest content of crude fibre was found in ‘Sagalisingia’ (19.80%) foliowed by
Mukiakeshi (18.20%). Lower crude fibre contents were found in Pusa Bhairav (6.24%),

Aruna (7.00 %), Pusa Kranti {8.72%) and Arka Nidhi {(9.30%).

4.15.5 Moisture content

-

Dala on moisture content af leaves of brinjal vaneties are shown in Table 50. The
maisture content of leaves varied from 72.40 - 8449 per cent registered by variety

‘Sagalisingia’ {lowest) and Pant Samrat (highest).
4.15.6 Tapnin content

Table 30 shown dala on Lannin content of Jeaves of brinjal varieties. The highest

tanmun ¢ontent was recorded on ‘Khanua Bengena' {31.81 mg/g) fallowed by KS-331
» (29.33 mp/p) and “Sagalisingia’ (25.67 mg/g). Lower 1annin contents were found in Pusa
Uttam {7.76 mg/g), Pusa Kranti (8.52 mg/g), Pusa Purple Long (8.74mg/g) and Pusa

Bindu (9.2 1mg/g).
4.15.7 Total phenol content

Data of total phenol content of the leaves of brinjal vareities are shown in Table
5. The highest total phenol content (4.38mg/g) was recorded on Kharua Bengena’
followed by 3.91mg/y and 3.36mg/g in “Sagalisingia’ and Pant Samrat, respectively. The
lowest Jevel of phenol {2.34mg/g) was estimated in the leaves of Pusa Bindo Pusa Urtam

(2. 3dwg/p) and Pusa Kranti (2.65mg/g) also registered low levels of phenol.



Table 5{. Biochemical composition of leaves of brinjal varieties

Variety Todal Crude Pomsh Crede  Moiswre Tannin  Towl  Towl free Tol
nilropen  prolein (%) fibre %) {mg/g} phencl  emino  carbohydrae
(%) (%) (%%} (mg/g)  aeid {4}
(mg/g)

Pusa Kranli 220 13.75 1.47 872 RO.67 852 265 098 11.93
PusaPumple Long  2.14 1337 131 14.60 82,0t 8 118 1.08 12.18
Pusa Bindu 2.62 16.37 1.64 1340 B1.00 9.2 13 10 L9.68
Pusz Umam 218 i3.62 132 i 713 17 254 0.90 10.70
Pusa Bhairav 158 16.12 1.30 624 8035 1185 31 1.4 13.50
AB2 162 1262 1.13 13.60 824 1201 125 1.09 13.00
Aruna 381 2381 1.43 7.0 8282 10% 302 0.9 11.86
K$-331 23 14.87 140 13.20 B4 1933 417 1.03 1158
Pant Samral 115 19.69 1.52 14.60 84.4% 14.35 13 .32 13.24
Arka Keshav 244 [5.25 136 [2.30 5140 [1.35 2.1 .36 (270
Arka Nidhi 119 i3.68 1.48 9.30 8432 1210 286 0.93 12.48
Mukmkeshi 250 15.68 108 18.20 7337 1389 118 i.36 15.25
Neelam Long 167 16.68 0.96 i7.20 7515 1025 11 .91 11.36
Kharuz Bengena 126 14.12 0.97 17.80 7466 3181 433 0. 10.16
Jc-2 3.63 269 089 16.80 7520 1308 312 1.29 16.56
Sagalisingia 23 14.69 113 19.80 1240 2547 391 116 1320

Estimations were done from a composite sample of 15-30 leaves collected from top,
middle and bottom canopy of sach variety
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4,1%.8 Total free amino acid

Data on total free amino acid of leaves of brinjal varieties are presented 1n Tabie 50.
Total free aminoe acid content ranged from 0.86 mg/g in Arka Keshav o 1.36 myg/g in
Muktakeshi. While varieties Pant Samrat, JC-2 and Pusa Bhairav conlained higher amino

acid content ranging from 1.24 - 1.32 mg/g.
4.15.9 Total carbohydrate content

Data on total carbohiydrate content of the vaneties are presented in Table 50. Total
carbohydrate contents in the varieties ranged fromn 10.16 per cent in ‘Kharua Bengena' to
16.56 per cent in JC-2. Varety Muktakeshi {(15.25 %) also conlained comparatively

higher carbohydrate content.

4.16 Association of physical and biochemical characiers of brinjal varieties with

infestation and life-parameters of 4. gossypii

Population density and life paramelers such as nymphal period and rate of
reproduction of 4. gessypsf showed significant difference among brinjal varieties. Hence,
correlations of these parameters with physical and biochemical characters of brinjal

varielies were studied.
4,16.1 Correlation of physical characters
4.16.1.1 Leaf area

Correlation studies (Tabie Sland 32) revealed that no significant relationship of
leaf area exisied with populalion density, nymphal period and rate of reproduction of

A, gossypit.



Table 51, Association of physica! characiers of brinjal varieties wilh populsfion
density of A. gossypii and H. vigintioctopuncrata

Physica) character Population density of Population density of
A gossypii H vigintioclopunctata
Statislical parameiers Stalistical parameters
T k r k
Leaf Area
Young leaf 0.343 11.764 {-) 0.046 0.212
Medium aged leaf 0.299 8.940 {-0.007 0.004
Older leaf 0.269 7.236 {-30.198 3.920
Leaf pilosity
Young leaf
Upper surface (-10.104 1.081 (- D.286 8.179
Lower surface (-) 0.007 0.004 (-1 0.255 6.502
Medium qped leaf
Upper surface {-) 0.088 0.774 (-)0.332 11.022
Lower surface (-) 0,036 0.129 (-3 0.304 0.242
der leaf
Uppey surface (- %.112 1.254 (-1 0,303 9.181
Lower surface (-)0.123 1.513 {-)0.372 13.838
Foliage density (-) 0.150 2.250 0.050 0.250
Leaf thickness 0.105 1.102 {(-) 0.025 0.062
Angle of leaf attachment 0.264 6.969 {-) 0.037 0.137
VYeinlet density 0.429 18.404 (-1 0.059 D.3438
Stomatal density (-} 0.366 13.396 {-)0.369 [3.616
Leaf colour
Red (-} 0.044 0.194 0.420 17.640
Yellow 0.422 17 808 0.073 0.533
Blue 0.154 2372 0.367 13.468
Green 0.408 16.646 -y 0198 3.920

“All the cortelation co-efficients are nor significant at P = 0.05
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4.16.1,2 Leaf pilosity

Leaf pilosity of brinjal varieties did not show significans comrelation with

population density, nymphal period and rate of reproduction of 4. gossypii. (Table 51 and

82
4.16.1.3 Foliage density

The correlations of foliage density of brinjal varieties with population density,

nymphal period and rate of reproduciion of 4. gossypii were non-significant {Table 51

and 52).
4.16.1.4 Leaf thickness

Carrelation studies (Table 51 and 32} indicated that no significant correlations of

leaf thickness exisled with population density, nymphal period and rate of reproduction

of 4. gesxypil.
4.16.1.5 Angle of leaf artachment

Comelation studies (Table 51 and 52) showed (hat lhere was no significant
relationship berween angle of leal atlachment wilh the population density, nymphal

period and rate of reproduction of A. gassypii.
4.16.1.6 Yeinlet density

Veinlet density of brinjal leaf did not show any significant comrelation with

population density, nymphat period and rale of reproduction of A. gosnypii (Table 51 and

52).



Table 52. Association of physical characiers of brinjal varieties with life parameters
of A. gossypii

Physical character Nymphal peniod Rate of reproduction by adult
female
Statistical parameters Statistical parameters
r k T k
Leaf Area
Young leaf (-} 0.088 0.774 0.227 5.153
Medium aged leaf (-)0.114 1.299 0.276 7618
Older leaf (-) 0.074 D.547 0.236 5.569
Leal pilosity ot
Young feaf
Upper surface 0.293 8.585 (~) 0.210 4.410
Lower surface 0.109 1.188 {-)0.128 1.638
Medium aged leaf
Upper surface {(.299 8.940 (~)0.218 4.752
Lower surface 0.161 2.592 {-)0.138 1.904
Cider leaf
Upper surface D.313 9,767 (~y0.242 5.856
Lower surface 0.273 7.453 {-10.252 6.350
Foliage density 0.024 0.057 (=) 0.170 2.890
Leaf thickness {- 0.087 3.497 0.093 0.865
Angle of leaf attachment (-)0.296 8.762 0272 1.398
Veinlet density {-0.352 12.350 0.390 15.210
Stematal deasity 0.39] 15.288 (-3 0.241 5.808
Leaf colour
Red 0.009 0.008 0.071 0,504
Yellow (-) 464 21.529 0.278 1.728
Blue (-y0.236 5.569 .257 6.605
Green () 0.437 19.097 0271 7.344

Al the comrelation co-¢lTicients are non signilicant at P = (.05
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4.16.1.7 Stomatal density

Non-significant correlation exisled between stomatel density of brinjal leaf wilh
papulation density, nymphal period and mle of reproduction of 4. gassypif. (Table 31 and

52).
4,16.1.8 Leaf caolonr

Leaf colour did not have any effect on population density, nymphal period and
rate of rcproduction of 4. gassypii. Correlation coefficients were presentad in Table 31

and 52,

4.16.2 Correlation with biochemical characters
4.16.2.1 Total nitrogen content

Table 53 showed that no significant relationship of total nitrogen content of leaf
existed with the population density, nympbal period and rate of reproduction of
A. gossypii.

4.16.2.2 Crude protein content

Crude protein conlent of the brinjal leaf did not significantly influence (he

population density, nymphal period and rate of reproduction of 4. gassypii (Table 53).

4.16.2.3 Potassium content

Potassium content of leaves of brinjal varieties was found to have significant
negative correlations with population density (r = - 0.546, P = G.05) of 4. gassypii (Table
53). However, no relationship existed between polassium content with nymphal period

and rate of reproduction of the aphid.
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The regression equation Y = 2475 - 7.56X expressed Lhe extent of relationship of

‘K caontent of leaf wilth population density of 4. gossypif (Figure 23A).
4.16.2.4 Crude fibre content

Mo significant relationship of crude fibre content of brinjal leaves existed with Lhe

population density, nymphal period and rale of reproduction of A, gessypii (Table 53).
4.10.2.5 Moisture content

Moisture content did not have any significant correlation wilh the nymphai period
and rate of reproduction of A. gossypii. Population density, however. had significant

negative relationship with the moisture content (r = - 0,497, P = 0,05} {Tabje 53),

The regression cquation expressing the relationship of leaf moisture content with

pupulation density of A. gossypii was Y = 3.309 - 0.202X {Figure 23B}
4.16.2.6 Tannin content

Tannin content of brinjal leaves did not have any significant inlluence on

population density, nymphal period and rate of reproduction of A. gossypii (Table 53}

-

4.16.2.7 Total phenol content

Population density, nymphal period and rate of reproduction of 4 gossypii were

not significantly allectled by total phenol content of brinjal leaves {Table 53),
4.16.2.8 Total free amine acid content

A. gossypii infestation and the life parameters had no significant correlation with

the total free amino acid content of brinjal leaves (Table 53).
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4.16.2.9 Total carbohydrate content

No significant correlation of tolal carbohydrate content of brinjal vaneties exisied
with Tymphal period wnd rate of ieproduction of 4. gossypii. Mowever, positive
significant correlation (v = 0.543, P = 0.05) resulted with total carbohydrate and
population density (Table 353). The association was expressed by the equation

Y = 0.978 + 0.057X (Figure 23C).

4.17 Association of physical and biochemical characters of brinjal varieties with

infestation and life parameters of H, vigintioctopuncrara

Population density, larval period, pupal period, adult longevity, fecundity, rale of
oviposition and sex ratio of H. vigirtiociopunctate were found to be significantly
influenced by the brinjal varieties. Thus correlation of these parameters with different

physical and biochemical characters of the brinjal varieties were studied.
4,17.1 Correlation of physical characters
4,17.1.1 Leafarea

Table 51 and 54 showed that there were no significant correlation between leaf
area of brinjal varieties with the population density, larval period, pupel period, adult
longevity, fecundity and sex ratic of H vigintincropunciata. However, significant
positive correlation existed between leal area of young leaf wilh rate of oviposition
(r = 0,551, P = 0.05) and medium aged leaf with rate of oviposition (r = 1.332, P = 0.05).

Regression equations Y = 3937 + 0.168X and Y = 3.803 + 0.076X, respectively
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expressed the magnitude of these associations (Fipure 24A and 24B). While older leaves

did not have any relationship.
4.17.1.2 Leaf pilosity

Pilosity of brnjal leaves had no signilicant relationship wilh any of the

parameters of A vigintioctopunciaia studied (Table 51 and 54).
4.17.1.3 Foliage density

Table 51 and 55 shows that none of the infesiarion and life parameters of
H. vigintioctopunctata studied were significantly comelated with e foliage density of

brinjal varieties.
4.17.1.4 Leaf thickneys

Lesf thickness had no significant jpfluence on population density, larval period,
pupal period, adult longevity, fecundity, rate of oviposition and sex-ratio of

H. vigintioctopunciata (Table 51 and 55).
4.17.1.5 Angle of leaf attachment

Angle of leaf attachment of brinyal could not significantly affect the infestation

and life parameters of H. vigintioctopunciata ssudied {Table 51 and 35).
4.17.1.6 Veinlet densiry

Comelation studies (Table 51 and 55} indicated that there were non-significant
relationships between veinlet density with population density and life parameters of

I vigintinctopunctala,
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4.17.1.7 Stomatal density

Result of correlation studies shown thai stomatal density of brinjal leaf had no

significant relationship with infestation and life parameters of H. viginfioctopunctata

{Table 51 and 55).
4.17.1.8 Leaf colour

Comnelation studies (Table 51 and 35) showed that larval penod {r = - 0.565,
P - 0.05), fecundity (r = 0.556, P = (.0%) and rate of oviposition (5 = 0511, P = 0.03)
were significantly affected by intensity of red colour of brinjal leaves. Whereas, adult
longevity was atfected by both ted (r = 0.640, F = 0.01) and blue {r - 0.588, P = 0.03)}
colours of brinjai leaves. However, red, yellow, hlue and green colour of leaves did not
atfect the population density and temnaining Life perameters of H vigintioctopunciata

studied.

The regressian equations showing the magnitude of relationships of red colour
with larval period was Y = 22.637 - 1.361X (Figure 25A), with adult longevity was
Y oo 22406 + 9.869X (Figure 25B), with fecundity was ¥ = 58312 + 54.873X
(Figure 25CY and with rate of oviposition was Y = 4.461 + 1.794X (Figure 25D} While
the regression showing the relalionship between the intensity of blue colour and adult

fompevily was Y = 0.918 + 7.351X.
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4,17.2 Correlation of biochemical characters
4,17.2.1 Total nitropen content

No significant correlation {Table 56) of total nilrogen contents of brinjal vaneties

existed wilh population density and life paramelers of . vigintioctopunciata studied.

£.17.7.2 Crude protein cootent

Correlation siudies revedled that ¢rude protein content of brinjal leaves dud not
have any significant relationship with population density and life paramelers of

. vigintioctopunctata studied {Table 36},

4.17.2.3 Potassium content

Correlation studies indicated that potassium contents of brinjal leaves were not
significantly comelated with infestation and life parameters of H. vigintioctopunciata

studied (Table 56).
4.17.2.4 Crude libre content

No significant influence of leaf fibre existed upon infestation and life parameters

of f{ vigintioctopunctata recorded on different brinjzl varieties (Table 56),
4.17.2.5 Moisture content
Mowture comtert af brnjal leaves did nol have any sigmficant effect on

population density, larval period, pupal period, adult longevity, fecundity, rale of

oviposition and sex-ratio of H. vigintioctopunctata {Table 36).
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4.17.2.6 Tanonin contenl

Correlation studies (Table 56} indicated thm tannin contem of brinjal leaves had
marked influence on populalion density {r = - 0.550, P = 0.03}), rate of aviposition
fr - 3498, P = 0.05) and sex ratio (r = 0.503, P = 0.05) of H vigintioctopunctata.
However, it had no significant effect on larval period, pupal peried, adult longevity and

tecundity of the coceingllid.

The regression equations expressing the relationships of leaf (annin with
population density, rate of oviposilion and sex ratio of A vigintfociopunctata were
Yo 2324 -Q029X, Y = 11.580 - 0.182X and Y = 1.276 + 0.034X, respectively {Figure

26A, 6B and 26C).
4.17.2.7 Total phensl content

Population density {(r = - 0.691, P =001}, fecundity {r - - 0.592. # = 0.05}, rafe of
pviposition (r = - 0.621, P = 0.01) and sex ratio {r = 0.634, p = 0.G[) were found to

pessess significant correlations with phenol conterts of brinjal varieties (Table 56).

Larval period, pupal period and adult longevity, however, did nat have any
significant correlation with the phenol content. The regression equation expressing the
reiationships of leaf phenol with population density, fecundity, rate of oviposition and sex
ratio of H vigintioctopunctata were Y = 3.356 - 0.470X, Y = 440.361 - 79.35X,
Y = 18103 - 2.965X and Y = - 0.017 + 0.581X, respectively (Figure 274, 27B, 27C and

27D,
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4,17.2.8 Total free amino acid conient

Table 56 shows that the association of free amino acid conteni of brinjal leaves

with infestation and life parameters of H vigintioctopunctara studied were non-

sigmificant.

4.17.2.9 Total carbohydrate copteny

Caorrelation studies revealed that carbohydrate content of brinjal leaves did not
have any significant relationship with infestaton and fife parameters of

H. vigintipefopunctata (Table 38).
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Miscussion



CHAPTER V

DISCUSSION

Brinjat aphid, Aphis gossypii Glover is an impornant sucking pest of brinjal crop
throughout the tropics and sub-tropics. In Assam, it ay become a major pest of brinjal in
recent times, Exiremely scanty and sporadic information on this aphid’s biclogy, ecology
and varietal screening studies done in other parts of the country are available (Butani and
Yerma, 1976; Roy and Behura, 1983; Banerjee and Raychaudhun, 1985; Reddy and
Biradar, 1990; Singh er al,, 1990). No information on its seasonal incidenca, population
dynamics, distribution pantern and hast plant resistance is available from the north-east
region of India, barring a few preliminary studies on ecology and management of this

pest imade by Kalita (1996).

The 28-spotted epilachna beetle, Henosepilachna vigintioctopunciata {Fab.} is a
well known major pest of brinjal and 5 widely distributed in almost all regions of the
waorld. It is a common pest of solanacequs, cucwrbilaceaus and leguminous crops. This
species 1S recognized as another imponant pest of brinjel in Assam. Despite few works on
its hiology, morphology, chemical control and host plani resistance studies in Assam

{Sonowal, 197(0; Phukan, 1976; Borah, {977 and Devi, 1988), and some works on jts
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ecology and varietal screening studies (Suman ef af, 1987; Ramzan et @i, 1990; and
Rajendran and Gopalan, 199€) in other parts of India, information on spatial distribution

pattern and various other aspecis of this insect is practicaliy scanty.

The present investigation was aimed at understanding the population ecology of

*

Lthese two pests in brinjal crop and w0 evaluate brinjal veriettes for resistance against them,

The results of the present investigation are discussed hereunder.
5.1 Seasonal population trend of A gossypii on brinjal

The etlack of A, gossypii commenced at tha seedling slage of the crop during
second week of Oclober (14 October) in 1998 - 1999 and during second week of
November (11 November} in 1999 — 2000, The apterous populmion yradually increased
in the ligld ti1] the crop was approaching early vegetative stage in between second and
third week of November for 1998 - 1999 crop, and in between bArst and second week of
December for 1999 — 2000 crop. Whereas, alate adultz declined duning this periad, then
increased again in the month of December for 1998 — 99 crop and in the month of
January for 1999 — 2000 crop, and finally disappeared from the feld in the month of
February at the fruit initiation stege, However, aplerous nymphs and adults steadily rose
from the late vegelative slage of the crop, in the last week of December for the first year
crop and in the third week of January for 1he second year crop. At the time, wien alate
adults were mot present in the field, aplerous population reached (heir peak at the
flowering stage of the crop during last week of January for 1998 ~ 99 crop and last week
of February for 1999 - 2000 crop. Then onwards, apterous population declined 1o ils

minimum population density and alate adults reappeared and reached its peak during the
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month of Aprl, when the crop was at its last stage. Banerjes and Raychandbud {1985)
recorded the appearance of A. gossypii aletes on brinjal in West Bengal from late
November to lale December and peak of aphids (aptercus) was recordad in late February,
when the plants became matured Banerjeec ef al. (1986) also found that 4. gossypii
populason first appeared in October and peaked in February, when the plants were 5 ta 8
months old. They also recorded that per cent alate viviparous female population declined
from Qctober lill December, then increased again and reached a peak in April. The
percemnage of aptetae mcreased fromn Movember 1o January. Ghetiva and Bulemi {1995
also made similar abservations on peak of Lhis pest on coriander. While, Araujo and Sales
(1983) stated that increase in populalion of 4. gossypii on cotton was favoured by the

presence of flower bud, which nearly confirmed the present investigation.

Initial aphid populations as recorded on 14 October in 1998 ~ 99 and 11
November in 1999 - 2000 were 6.93 nymphs/plant, 3.67 apterous adullsa/plant and 0.40
alate agults/plant; and 2.73 nymphs, 1.20 apterous adults and 0.60 alate adults per plant,
respectively. Thereafier, the aplerous population decreased and again increased gradually
to atain ils peak Jevel of 38.00 nymphs and 18.93 adults per 6 ieaves on 28 january, and
11.08 nymphs and 3.40 adults per 6 leaves on 24 February during 1998 — 99 and 1999 -
2000, yespectively. While alate adults reached their peak of | 86/6 leaves on | April and
1.76/6 leaves on 7 April during first and second year, respeclively. The peak nymphal
and adult population of aplerous form in the present investigation almost coincided (in
between Ry and Ry slage of the crop) with flowering stage of the ctop in both Lhe years.

The low aphid population in the second cropping season might be due to the inmerspecific
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competition berween 4. gassypif and the red spider mite, Terranychus neocaledonicus
Andre. [nfestation of this red spider mite remained in the field from the month of Oclober
till the end of February with an approximale population of 30 — 40/cm” leaf. Veeravel and
Hasks:ran (1994} reported Eimilar fmdmas berween A gosswpli o and
H. vigintioctopunciata, where Lhis aphids were able to efiminate the coccinellids from the
pla.nt when aphid population was above 60/plant. However, in the present study no such
competitive displacement was seen probably because the experiment was carried out in
open field, while the study of Veeravel and Baskaran (1994) was conducied in
confinement of a net house, where the environment, plant densiry and plant putrilional
status were differcnt ﬁ';t}m the presem study. Moreover, the ¢rop stage at which the plants
were attacked might also he a determining factor. Brinjal plants at mid reproductive siage
also had ali ihe reproductive paris such as flower buds, flowers end developing fruils as
well as full vegeistion with leaves of all ages, which supporied maximum population of
the aphid. So far as peak period of infesiation and crop stages are concemed, the results
of the present invesligation are in agreement wilh those of Banerjee and Raychaudhuri

{1985), Araujo and Sales (1985) and Banerjee ¢t af {1986).
5.1.1 Impact of natural enemies on A. gossypii papulation

‘Three coceingllid predalors of 4. gassypii were recorded viz., Coceirella repanda
Thunb, Merochiius sexmaculatus F. end Micraspiz discolor (F.) (Coccineltidae:
Coleoptera). However, no parasitoid could be noticed in the course of the present
investigation. All these Lhree predators were earlier recorded from India (Venugopal ef

al., 1977, Saharia, 1985; Barman, 1992), from Bangladesh (Haque and Islam, ]1982) and
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from Japan {Sugiura and Takada, 1998). The population of C. repandc increased with the

increase in prey population and their peak population reached within zero to three weeks

ol attainment of peak by A. gassypii population. An adult C. repanda could consume

26.33 - 25.9C aphidsiday. This coccinellid predator showed significant posidve
.

association with the population of apterous morphs of the prey. Sumilar type of

association was also recorded by Venugopal ef af. {1977) on Olura.

M. sexmaculatus, a predatory coccinellid was found preying on A, gossypii
nymphs and adulls. The population of this predator increased graduaily with the prey
population and atiained their peak either perfectly coinciding or one week before aphid
population pegk. The populstion of thiz predatar showed significant positive correlstion
with the aplerous prey population in both the years. This predator could consume 15.88 —
16.55 aphids/day, Similar predator — prey association were aiso reported by Yenugopal e
af, (1977) and, Srikapth and Lakkhundi (1990). Palaniswami and Pillai (1981) recorded
that a single M. sexmocuioius could consume 15 — 18 aphids/day, which almost

corroborated the resul(s of the present investigation.

M. discofer , an anoiher coccinellid predator, was also found preying upon A.
gossypii. They appeared in the field for a shorler period of time and attained their peak
when apterous aphid population was at declining trend and alate adulls were approaching
peak during (he later part of crop growth, This predator had a capacity to consume 11.22

12.72 aphids'day. it showed significant pesitive association with Lhe apteroid aduli

popuiation of A. gossypil, Palaniswamni and Pillai (1981) recorded similar resuits. They
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found that the mean aphid consumption per day by a M. discolor ranged from 10-18

numbers.

5.1.2 impact of meteorvlogical factors on A. gossypii population

Maximum and minimum temperature showed nen-sipnificant negative effect on

aphid population. It was evidant that the aphids showed a litle fall in population in the
‘ month of December for the [irst cropping season and in the month of Jannary for the
second cropping season, when the temperature was rather low; and again population
decline was evident from February — March, when the temperature was marginally
higher. The present findings supporied the earlier observations of Araujo and Sales
(1985), Banerjee ef af {1986}, Chatlopadhyay ef af. (1996) and Diebaraj et af. (1996).
Mozato and Abe (1988) found that survival of 4. gossypif was low on cucumber due to
high temperature during warmer season in Japan, while in winter, most of Lthese apinds

disappeared due to low tempersture in Lhe field.

Moming relative humidity had non-significant positive and evening relative
humidity had non-significant negative association with the aphid population during both
the years. According to Araujo and Sales {1985), the population of A. gossypii was not
aftected by relative humidity. Banerjee ef of (1986) also found a negative relationship
between aphid poputation and relative humidity. However, a positive association between
relative humidity and populaton of A, goessypii was reporied by Chatopadhyay er al.

(1996).

Total rainfall end number of rsiny days exhibited nom-significani negative

corrclations with aphid population during both the cropping seasons. This finding was
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almost in accordance with the works of Aravjo and Sales (1985). Ray (1975) also
reporied neon-signilicant negative correlation between population of Lipaphis erysin
(Kalt.} and rainfall. Chatlopadhysy et a!. (1996} and Debaraj et af. (1996), however,

reporned that the numerical abundance of aphid was greatly influenced by rainiall.

Bright sunshine howrs exhibited significant positive correlation with nymphal and
overall aphid pepulation {nymph + adult) and non-significant pesitive correlation with
adult population in pooled comrelation studies, for both the years. Araujo and Sales (1985)
observed that the increase of A, gossypii population was FEvoured by bright sunshine
hours. Chatiopadhyay er af. (1996), however, siaed that the ephid population increase
was Closely related with decresse in sunshine hows. Singh ¢f @l (1986) also found

significant positive correlavion beiween population of L. erysimi and sunshine hours.
5.2 Seayonal pepulation trend of M, vigintiociopunciata on brinjst

Infestation of A. viginfiacropunciata on brinjal occurred in the second week of
October in 1998-99 and fourth week of November in 1999-2000, at the seedling stage of
the crap. Their gradual decline in population from the rnonth of December at the mid
vepetative slage (V) followed by gradual increase in population was observed from the
third or fourth week of January, in the flowering stage (Rs) of the crop. The peak
incidence of larva, pupa and adult could be noticed in the month of March or early pan of
April, when the crop was at fruit maturation and ripening stage {Ry and Rs). Soon
thereafier, the population declined within three 10 four wecks during last stages of the
crop (Rg and Re). A study of seasonal gbundance of H vigintioctopunctata on

solanaceous host plants in Punjab done by Ramzan et of ([990) revealed that the
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population peak of the beetle was attained in the month of March, which is in egreement
with Lhe present [inding. However, Rgj er af. (1980) recorded their peak on brinjal during
January in Tanul Nadu. It was also evident from the present investigation that the number
of egg clusters in the field declined, when the populsrion of larvae, pupae and adults
i:mreased. Simitar findings on this regard were also reporied by Hirane (1985). Nakamura
(1976, 1988) suggesied that Lhe cause of popuiation decline in the later pam of the crop
stage was due to egg cennibalism, competjtion for food among larvae or unsuitable leal”
quality for the coccinellids. Regarding appearance of H. vigintioctopunciaia, he reporied

that the pest appeared in the field soon after planting of the brinal crop.

In the present investigalion, inilial population of H. vigintioctopunciata was low
during both 1998 — 99 (0.40 larvae/plant and 0.43 adults/plant) and 1999-2000 (0.20 egg
clusters/plant and (.23 adults/plant) cropping seasons. The population of this insect was
quite low and sparse upto the month of January during both ihe years. Their population
shoot up to a high level of 23.20 larvae, 8.13 pupae and 3.53 adults per two branches
during the month of March in 1998-99. The peak population of H. vigintioctopunciata
i11.80 Yarvac, 5.20 pupae and 2.36 adults ;ier two branches) dunng second year {1999-
2000} was also recorded in the month of March, The popularion reached peak, when he
crop was at fruit maturation and ripening stage (Rs and R;) in both the years. During thus
stage of the crop, the plants were also flushing afresh, which might be a probable cause of
their outbreak. Raj ef al. {1980) seporied the peak larval and adult popularian of
£, vigintioctopunciata on brmjal to be 99 and 226 per [0 leaves, respeclively,

According to Ramzan et a/. (1990), the highesl density of this pest was 526.3/10 piants
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recorded on Sofanum xanthocarpum in March. However, the beetle population in the
second year was quite low in comparison to the first year. Very high infestation of red
spider mite, Tetranychus neocaledonicus during the second year cropping season could
be one of the possible reasons for their low infestation on brinjal crop, as because both
mites and the coccinellids preferred brinjal as their principal host, but in the first year

mite infestation was negligible.
5.2.1 Impact of natural enemies on H. vigintioctopunctata population

In the{ present investigation, the coccinellid beetle, H. vigintioctopunctata was
parasitized by two species of Ilwmenopteran parasitoids of the family Eulophidae viz,,
Tetrastichus sp. and Pediobius foveolatus Craw. Tetrastichus sp. primarily parasitized the
eggs but were also found to parasitize the first and second instar larvae, while
P foveolatus was found to parasitize the third and fourth instar larvae and pupae. Both
these parasitoids were earlier recorded from India (Rajendran and Gopalan, 1997,
Raghuraman and Veeravel, 1999) and Sumatra (Abbas and Nakamura. 1985; Nakamura
et al., 1988). The extent of parasitization of H. vigintioctopunctata eggs by Tetrastichus
‘sp. varied from 6.95 ~ 35.70 per cent and 7.00 — 43.75 per cent during 1998 — 99 and
1999 - 2000, respectively. WﬁiIe the parasitization of larvae by the parasitoid varied
from 6.60 — 38.90 per cent in the first year and 15.00 — 24.20 per cent in the second year.
This observation was almost in agreement with the results obtained by Abbas and
Nakamura (1985). However, slightly low parasitization of eggs could be due to
differences in egg deposition by both host and parasitoid, which might have interfered

their relationships. There were significant positive correlations between population
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density of egg clusters and extent of parasitization by the parasitvid in the second year
and between larval population and extent of parasitization in both the vears. The extent of
parasitization of larvae and pupae of Lthe beetle ranged from 3.1 - 22.20 per cent for
l‘arva-: and 16.60 — 47.50 per cent for pupae during 1998 — 99; and 8.60 — 18.50 per cent
for larvaz and 8.30 - 31.70 per cem for pupae during 1999 — 2000. The present
observalion was in accordance with the reporls of Abbas and Nakamura (1985) and
Rzjendran and Gopalan (1997). Former recorded 1.2 — 19.4 per cent parasitization of
larvae and 59.1 per cent of pupae by F. foveolatus, while the lahter recorded 47.1 — 49.5
per cent parasitization of the pupae of M. vigintiocropunctata. The extent of parasitization
showed significant positive correlation with the larval populatien during the first year and

with Lthe pupal populaticn in both the years of mvestigation.

During the course of the present study, no predator of any of the stages of the

beetle could be noticed in the field.
5.1.2 Impact of meteorclogical factors on H. vigintioctopunctata population

Temperature (maximum and minimum) showed non-significant relaticnship with
the population of all stages of the beetie in both the crepping seasons. Both maximum
and mummum temperatures were to someé extent respensible for the increase in larval,

pubal and adult population of Lhe beetie. Devi {1988} reporied that temperatures had

positive etfect on population of cocemellids.

Relative humidity exhibiled negative comelation with the population of

H. vigintioctopunctata daring 1998-99 and 1999-2000. However, significant nepative
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effects were shown by moming relative humidity with the larval, pupal and adult

populations of Lhe coccineliid in both the years,

Rainfail and number of rainy days had no direct effeci an the population, although
to some exient had negative association with the beetle population in both Lhe years.
However, the results of the present invesligation were contradictory to the findings of

Devi (1988).

Bright sunshine hours showed non-significant nepative association with the
population of H vigintioctopunciara during 1998 — 99 but exhibited non-significans
positive effect on the populalion of the beetles during 1999-2000. Such posilive
association was also reported by Devi (1988) on Henosepilachna dodecastigma Wied in

soybean during summer.
5.3 Predatory elficiency of coccinellid predators on A. gossypii

Laboratory studies conceming predatory elficiency of C  repanda,

M. sexmaculatus and M. discolor on A. gossypii showed significant difference at

P =0.01.

The predatory efficiencies of C. repandg were 100.00, 100.00, 87.78, 74.90 and
59.70 per cent when ofTered 10, 20, 30, 40 and 50 aphids, respectively. Consequently, the
consumption rates were 10, 20, 26,33, 29.90, 29.85 aphids/24 h. It showed increase in the
feeding rate of Lhe coccinellid predator wilh the increase in density of the available prey.
It is because of Lhe fact (hat there might be an easy assess for Lhe predator to locate preys,

Saharia {1981) recorded a moderate efficiency (44%) of C. repanda when offered L.
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erysimi a5 prey. Barman (1992) also tésled the predatory efficiency of C. répandae on

A. eraecivera and found this efficiency 1o be 48.27 per cent.

. Predatory efficiencies of M. sexmaculatus wers 100.00, 79.44, 54.80, 41.39 and
33.11 per cent, when offered 10, 20, 30, 40 and 50 numbers of A, gassypii, respectively.
The consurnption rates were 10, 1588, 16.44, 16.55 and 16.55 aphids/24 h, respectively,
Pataniswami and PiHai {1981} also recorded similar consumption rate by the coccinellid

on A, gossypil,

Predatory eficiencies of M. discolor were observed to be 100,00, 56.11, 40.37,
3028 and 2544 with a consumption mie of 10, [1.22, 12,11, 12.11 and 12.72
aphids/24h, when offered 10, 20, 30, 40 and 30 numbers of 4. gossypii. Similar
observations were recorded by Barman (1992), while studying with 4. cruceivora. The
consumption rales abtained in the present study were in conlormity with the records of

Palaniswami and Pillai (1981).
5.4 Distribution pattern of A, gossypi
3.4.1 Distribution pattern of A gossypii nymphs

The nymphs of 4. gossypii appeared in the field, during the second week ol
Dgtober for the fust year crop and during second week of November for the second year
crop, when the crop was in 3eedling (83) stage. The populalion rose to peak in R; or R
stage (flowering or fruit initiation) in the fourth week of January during first year and in
the fowrth week of February duning second year. The varfance to meaa catios were greater
than unity for most of the samgpling occasions, which signified clumped type of

distribution. However, low values of such mtios (< 1) ablained in both plant inspection
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methods [PI(A) — 1 and PI (A) — 2] in the .ﬁrst two sampling dates during first year
indicated regularity of distribution. The values of exponent-k were less than eight for
most of the cases except a few observations in the first year, which signified that the
nymphal populations were aggregated in nature. Higher ‘k’ values (> 8) indicated that
clumping was low and it was also evident from the higher mean population data in the
first year. These observations were in agreement with the observations of
Denechere (1981), and Nath and Nag (1996). Similarly, the values obtained by David and
Moore’s index of dispersion, Lloyd’s index of mean crowding and patchiness, and mean
colony size also confirmed clumped distribution of nymphs in most of the cases. The
values of mean clump size were greater than two in almost all the sampling dates
indicated that the clumping was due to environmental heterogeneity in the brinjal plots
and active behaviour of A. gossypii nymphs. The environmental heterogeneity might be
due to non-uniformity of plant growth and leaf quality. Singh ef a/. (1990) made an
opinion that environmental heterogeneity at low population and innate behaviour of
A. gossypii at high population, were responsible for the aggregated dispersion of the
species. Similar results were also reported by Barman and Dutta (1997) on A. craccivora

in green gram.

Iwao’s patchiness regression and Taylor's power law models showed that
uymphal population of A. gossypii was distributed in an aggregated manner in both the
years of investigation. Similar pattern of distribution of 4. gossypii was reported by
Zhang et al. (1998) on cotton in China, Burgio ef al. (1994) on cucumber and melon in

Italy and Trumble et al. (1983) on winter strawberry in coastal California.
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In addition, the present Bindings also agreed with the findings of Vergara and

Galeano {1999 on 4. gossipi in colion and Edelson {1986} in canlaloupe.
5.4.2 Distribution pattern of A gossypii adults

. The aduhs of A. gossypii appeared in the crop during the second week of Octaber
in 1998 — 99 and duning the second week of November in 1999 — 2000. The population of
apterous adults reached their peak in the third week of January in the first year and third
week of February in the second year, when the crop was at flowenng {R;} and fruit
initiation (R3) stage, respectively. While population of alate adults reached their peak in
the first or second week of April at the last reproductive (R;) stage of the ¢rop, when crop
growth ceased in bolh the years. Except one or two initial sampling dates, the variance to
mean ratios were greater than unity in both plant inspection methods, which indicated
aggregated dispersion of the adult population. This type of distribution can be described
by the mean and exponent-k for measuring the amount of clumping. ‘k’ values greater
than ejght were cbserved only in few cases in respect of apterous adulls in the first year
and reinaining all other cases including alate adults, ‘K’ values were less than eight
indicating high amount of aggregation. The higher values of 'k’ {>8) found in some
apterous populations in all the sampling methods were due 1o higher population density
of the adults. This finding ¢learly agreed with the reports of Kuno (1980) and Evans
{1982). Denechere {1581} found ther population of A gossypii had an agmregaled
distribution on cotton plants that was determined by negative binomial law, The values of
David and Moore's index of clumping were positive in all (he possible cases, Lloyd’s

mean crowding index greater than mean population density and patchiness index greater
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than unity, almost ¢confirmed Lhe contagious nature of dispersion of both alate and
apterous adults. Mean coloay size futher canfinmned the clumping nature of the aphid
population. Mean clump size computed for adults showed that clumpings were mainly
due to environmenta) heterogeneity in the brinjal plots as well as innate behaviour of the
adults in most of the cases, while in half of the cases relaled to alate adults’ clumping was
governed by innate behaviour of the alasise. Similar findings were also reported by Singh

ef al. {1990) and, Barman and Dutls {1997).

lwao's palchiness regression end Taylor’s power law models also indicated
aggregated distribotion of both alalac and apterae of 4. gossypii adulis. Similar reports

were also made by Zhang et al. (1998) and Trumble er o (1983).
5.5 Distribution pattern of H. vigintiociopunctata
5.5.1 Distribution pattern of immacure siages of H. vigintioctopunctata

Among the immature slages of H. vigintivctopunctata, the larval stage was first
noticed in the field during second week of October, 1998-99; and the egy stage during
fourth week of November, 1999-2000, when the crop was at seedling {S;) stage. The egg
cluster counts were maximum during froit initiation {R;) stage in the first week of
February and first week of March for first and second year crop, respeclively, Larvae
attained their peak population in between first and fourth week of March at Ry and Ry
stage {fruit maturation and fruit ripening) of the crop, whereas pupas population reached
their pcak at the fruit ripening (Ry) stage of the crop dunng third or fourth week of
March, The vanance to mean ratios indicaled clumped distribution in most of the

sampling dates. However, in a few initial and later stages of the crop, all the immature



stages showed regularity in distriburion. It was clearly indicated by the low populalion
density of egg clusters, larvae and pupae @t both inilial and later stages of the crop.
Anscombe (1961) siated that distribution of an insect varied with che variation of ity
pupulation level. Low popularions were distributed randomly or regularly, while high
population bad a tendency to become aggregated. The values of exponent-k were less
than gight except in one or two cases of larval and pupal count, which signified high
amount of clumping for population of all lhe immature stages. The present findings were
in conformity with the repons made by Suman et af. {1987), however, they reponed Lhat
cgg masses were distributed randomly with a tendency towards aggregation at high
densities. The values of David and Moote’s index of ¢lumping also indicated similar
results, The values of Lloyd's indices of mean crowding were pgreater than mean
populalion densities in majority of the cases for all the immavure siages, signifying
contagious nature of dispersion. The values of the indices less than unity were, however,
observed in case of egg cluster counts in both the years, which indicated that at iower
population densiligs, the egg clusters followed random dispersion with a slight tendency
towards aggregation when density increased. These indices showed higher values then
unity for almost all the larval and pupel stages in both the years of sampling. Lloyd’s
index of patchiness and mean colony size values further confirmed the results obtained
by earliet methods. The stability of these indices for all the immature stages at different
population densities in both the years indicated that the populations of egg, larva and
pupa tend to remain fogether. The cause of clumping of egg masses was micro-
environmental heterogeneity in the brinjel plots, whereas clumpings in the case of larval

and pupal population wergydue 1o both environmental heterogeneity as well as innate



224

behaviour of the larvae, as évident from the values of mean clump size. Environorental
heterogeneny might oceur due to non-uniformity of crop growth, which possibly affected
regularity in ovipasition., Taylor (1961) explained that the main cause of aggregation
appeared to be a result of lhe oviposition behaviour of female since eggs are lzid in

clusters.

Further confirmation of the resuhs of aggregation was brought about by the
muodels of lwao's patchiness regression and Tayler's power law for all the immarure

stages of H vigintioctopuneiata, during 1998 ~ 99 and 1999 — 2000,

In Lhe present investigatiom, all the immature stages of H. vigintiociopunciaia
followed pepative binomial distribulion, whiie egg masses shawed some aflinity towards
poisson  distribulion. Sumapn ef al {1987) described contagious distripulion of
M vigintioctopunciata larvae and pupae on brinjal, which was in conformity with the

present findings.
5.5.2 Distribution patlern of H. vigintioctopunciaia adulis

The adults of H. vigintioctopunciata made their appearance in the secohd week of
October during 1998 — 99 and fourth week of November during 1999-2000, when the
crop was in seedlng {S3} stage. Their population rose 10 peak in the Rs stage (fruit
ripening) during the third or fourth week of March, The variance to mean ratios for adult
ropulations were invariably greater than unity on all the sampling dales except in few
aceusions at the seedling and flowering iniliation stage of the crop during first year,
indicating contagiousness of distribution. The values of exponent-k were less Lhan eight

in majority of the cases, which indicaled high degree of clumping among adults in both
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the years. However, adult populations had a tendency to become regularly distributed at
higher population densities. Kunc (1980) and Evans {i982) opined that exponent-k,
which measures the amount of clumping, was influenced by the sizes of population of Lhe
msecls. Expectedly, the values of David and Moore's index of clumping, Lloyd’s indices
of mean crowding and pelchiness, and mean colony size contributed similar results,
describing the conlagious nature of distribution of the adulls. The mean clump size
computed for adulls showed Lhat micry-environmental heterogeneity at low population
density of adults and both environmental heteropeneity and active behaviour of adulls at
higher densities might be the causes of clumping. The environmental heterogeneity might
have occurred due o the non-uniformity of Lthe crop growih resuling in differences in
canopy Lhickness and height, which inight have led to differential preference of adults to
plants for sheltering and feeding. Reports of Singh et 2! {1990} on density dependant
clumped distribution of A. gossypif fairly agreed with the present findings on

H. vigintioctopunctata adults.

Iwao’s patchiness regression and Taylor's power law models also confirned Lhe

aggregated distibution of H. vigintioctopunciaia adults.

Earlier, Saikia and Durta (1994) reporied that Riptorrus linearis (Fabr.) adults
followed clumped diswribution on greengram. Borah (1997) also found that the adults of
Megacopta cribrarium (Fab.) followed negative binomial disuibution on pigeonpea. The

present findings are in conformity with these reporns.
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5.6 Optimum sample number

Optimum number of samples need to be drawn for estimating pest population
depends on expected frequency of population density of insects and accurate desired
levels of precision. This could only be possible through extensive preliminary

mformation on the distribution pattern and Lhe population density of the msects,

Ruesink’s tnodel (1980) was used to compute Lhe optimum number of samples
required to be drawn in plant inspection methods with two levels of precision (C = 0.10
and C = 0.25). The optimum number of samples required for ecological studies of A.
rossypif nymphs and adulis during 1998 -- 99 were 38 and 32 (nymphs) and 37 and 35
{aduls) under sampling method PHAN! and PI{A)-2, respectively. I'or pest management
studies it numbered 6 and 5 for both nymphs and adulis under PKAY1 and PI{A)-2,
respectively. However, optimum sample numbers required during 1999 ~ 2000 for this
pest increased 4 — S times than the previous year for both sampling methods. The increase
in optimum sample nunber was due to low population density of aphids as well as high

degree of cluniping shown by Lhe aphid population,

The optimum sample numbers (average of (wo years dala) required for ecological
studies of H. vigintioctopunctata egg ¢lusters (196 and 172), larvae (196 and 131), pupae
{216 and 143) and adults (285 and 196) under PKL)-1 and PI(L}-2 sampling methods,
respectively. For pest management studies, the optimurmn number of samples would be 35
and 29 for egg clusters, 37 and 21 for larvae, 35 and 24 for pupae, and 47 and 32 for
adults in these two methods of sampling, respeclively. However, theére was no large

difterence of sample numbers in beth the years except sample numbers for adulls and egg
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clusters at 10 per cent precision level. The increased number of optimum samples for
adults and egg cluster coums duripg 1999 — 2000 was due to aggregated patiemy of

distribution and low populalion density of the aduits.
5.7 ¥Yarietal resistance

Sixteen brinjal varieties were evaluated for resistance against 4. gossypii and
H. vigintioclopunctata based on natural infestation under field conditions as well as
develepmental and reproductive parametlers under laboratory conditions, In addition,
physical and biochemical characters of leaves of brinjal varieties were delermined to
ascertain their possible associalion with infestation and biciogical parameters of these

insects,
5.7.1 Infestation of A. gossypii

infestation parameters such as intensity of attack and population density of
A. gossypii on brinjal varienies showed significant differences. Tntensity of atlack
significantly varied among varielies during the tast part of January, when the infastation
was at its peak mn all Lhe vaneties. Varieties also had significant influence on the seasonal
mean intensity. [n respect of population density of the pest, varieties showed signilicant
difference during entire study pertod including scasenal mean densities. The dilferential
response of the varieties to the atlack of aphids indicated the existence of resistance
mechanism in the plants. Painter (1951) stated that the heritable qualilies possessed by
plunts influenced the ultimate degree of darmage done by the insect. These inherent
qualities were specific to the variety, which implied existence of a resistance mechanism

in (he plant. On the basis of intensity, varety Neelam Long was found to be most
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susceptible to aphid anack. While the varieties Aruna and ‘Kharuz Bengena’ were least
preferred. These two vareries showed similar response in respect of aphid population
density also, which confirmed their unsuilability to aphid atack. For a critical
examination of varietal resistance, population density was considered Lo be the basis of
ranking brinjal varieties against A. gnssypii. Anmna and ‘Kharua Bengena® were ranked as
resistant; Pant Samrat, K5-331 and Pusa Bindu were calegorized as moderately resistant;
Arka Nidhi, Pusa Kranti, AB-2, Arka Keshav and Pusa Bhairav were modemately
susceptible, while the rest of the varielies were susceptible. Earlier, Reddy and Biradar
{(1990) and Jyani et al. (1995) evatuated resistance of brinjal varieties against A. gassypii
eon the basis of population density in the field condition and reported that locally available
briajal vareties showed resistanice to some extent in comparison to vther promising
varienies. Kennedy and Kishaba (1977) reported that resislant planis exerted moderate
arrestant effect on aphids. The '-';Eaker arrestant effects of resistant than susceptible plants

resulted in grealer interplam movement of aphuds,
5.7.2 Infestaticn of H, vigintioclopunciata

Extent of leaf infesiation by H. vigintioctopunctata differed significantly amaong
varicties only in two occasions, when intensity of aitack was around its highest. While in
tespect of population density, vaneties showed significant differences in ali the dates of
observation. Seasonal means were found to be significantly different among varieties.
Between two infestation parameters, population density was ¢onsidered 10 be the criterion
for ranking brinjal varielies against H. vigintioctopuictata, becavse it had significant

inflluence on varieties in all sampling occasions, Op the ather hand, it has higher degree
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of precisions than inkensity io evaluating plant varieties. Resulls of both the infestaton
parameters revealed Pusa Purple Long, Pusa Bindu, Pusa Utiam, JC-2 and Pusa Bhairav
as the most susceptible ones avermging the higher intensity of attack and higher
papulation densities of aphids. While variery ‘Kharua Bengena® once again proved to be
the most unsuitable also for the beetles, registering the lowest population density and was
ranked as resistant. Yarieties Aruna, K5-331, Pant Sarmrat, *Sagalisingia’, Muklakeshi
and Pusa Kranti were categorized as moderately resistant. The remaining varieties were
adjudged as moderately susceptible. According to Raj and Kumargswamj {1979, Pusa
Purple Long was a highly susceptible variety and Pusa Kranti a moderately resistant one,
as tested on the basis of feeding scores. Similarly, Gange and Nagappan (1982),
Sambandam e7 al. {1974} and Rajendran and Gopalan (1997, 98) evaluated resistance of
brinjal varneties based on feeding scores. Data on leaf area consumption by this pest

{Section 4.13.3) also confirmed Lhese observations.
5.7.3 Yarietal elfect on bielogical parameters of A. gossypii
5.7.3.1. Developmental parameters

Total nymphal periods of A. gessypii were shorter in susceptible varieties JC-2,
Pusa Purple Long, ‘Sagalisingia’, Pusa Utlam, Neelam Long and Mukiakeshi.
Moderately susceptible vatieties Pusa Bhairav, AB-2, Arka Keshav, Pusa Kranti and
Arka Nidhi also exhibited short mymphal periods. However, this period was longest in
resistant varieties ‘Kharua Bengena’ and Aruna. The trend was similar for nymphal
survival also as Lhe survival was maximum in susceplible varieties and ninimum in

resistant varieties. Faster development in susceprible varieties mipght be due to Lheir



230

nutntional supenorty or due to lack of amtixenosis factor or due o absence or lower
presence of antibiosis tactor. Results of similar nature were earlier reporied by Ekukote
{1990}, Kennedy and Kishaba (1977) and Klingler er ol. (1998} on A. gossypii. The
differences of nymphal developmem among the varieties were contributed only by the
first nstar duration and remwining nymphal insiars were not evidently affected by the

varicties.

The vanation in first instar duration in different varieties might be due o
antixenosis or antibiosis based effects. As the first instar nymphs are to move over the
plant surface for selection of feeding sites and seftiement for feeding, they might have
encouwntered different kinds of interference in locomotion and feeding on plant surfaces of
diflerent varieties. Morms and Kogan (1980) stated that physical and chemical
characteristics of pia.n’lc interferes wilh locomotion, feeding, ingestion and oviposition of

mnsects, Das {1999} reported simiar fundings o 4. craceivwora,
5.7.3.2 Reproduciive parameters and adult longevicy

The varieties tesled did not significantly affect the reproductive and post-
reproductive peniods, and fecundity of A, gossypdi. Pre-reproductive period and rate of
nymphal deposition by female differed among vaneties. Adult female aphids awailed
{onger in resistant (‘Kharua Bengena’ and Aruna} and moderately resisiant (KS5-33] and
Pant Samrat) vaneties, while it took shorter periods before deposition of nymphs to the
susceptible varieties. The susceptible varieties also accounted for higher rate of nyrphal
deposition by female adults. On the other hand, the resistant and moderalely resislant

varteties like Aruna, ‘Kharus Bengena’ and Panr Samerat reduced e rate of deposition of
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nymphs. The reduced nymphal deposition rates of 4. gossypéi on resislant varieties might
be due to either non-preference for nymphal deposilion sites, nutntional deficiency,
pilosity or plant biochemical defence factors. Findings of similar nature were also
reported by Hill (1983), Dariev er al (1979), Wang (1983), and Banerjee and

Raychaudhuri (1987}
5.7.4 Varietal elfects on biclogical paremeters of M. viginticciopunciaia
5.7.4.1 Developmental parameters

incubation period of Hvigintioctopunciara eggs was longer when reared on
resislant, moderately resistant and moderalely susceptible varieties. However, among
susceptible varieties, Pusa Purple Long, Pusa Bindy, JC-2 and Pusa Bhairav had shorter
incubation periods. Larval development was delayed by resisiant variety ‘Khams
Bengena'. Moderately resistant varieties like Pant Samrat, Arunz, Pusa Kranli and
Muktakeshi also lengthened the larval period of H vigintioctopuncrara, Among Lhe
susceptible varieties, Pusa Bindu and Pusa Purple Long favoured quicker larval
development. Simiarly, ‘Kharua Bengena®, Anuna, Muktakeshi, K5-33] and Pant Samra)
detayed pupal development, while shorer pupal periods were recorded in susceptible and
mederately susceptible varieties. Longer duration of development in resislant vaneties
might be due to insulficient nutnent intake by the beetles or unfavourable physical and
biochemical factors of the varieties, Similar pature of results were also reported by
Sachan and Rathore (1979%), Ramzan et ol (1990) and Phukan {1976} on solanaceous
plants. The hatchability of eggs in (he resisiant variety was reduced by 24 — 32 per cent

fron that of the susceptible vanelies. The larval survival was low In resistant and
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moderately resistayt varietics while higher larval survival were recorded in susceptible
varieties. Similarly, per cent emergence of adulls was more in susceptible varieties than
in Lhe other varieties. Growth index was lowest in Aruna {2.26) followed by K5-331
{2.43) and ‘Kharus Bengena' (2.48) and highest in Pusa Bindu (6.17) followed by Pusa
Purple Long {5.78). Results of similar nature were pbyained by Patil ef al. (1986) on fruit
borer, Earias viftefla Stoll, in okra, They found that the growth and development of the
borer were retarded in resistant varieties, which might be due to the presence of antibiosis
mechaniam in the plant. Das (1999) also observed identical trends of growth index of
Nacoleia vwigolis (Guen. on greepgram varelies. Borah (1977) also recorded similar

results with M. vigintioctopunctata on different cucurbitaceous hosts.
5.7.4.2 Reproductive parameters, adult longevity and sex ratio

In resislam and moderately resistant brinjal wvarieties, (he adults of
H. vigintioctropunctata remained in copulation for brief periods. Pre-oviposition period of
H vigintiociopuncinia was lenglhened in resislant and moderately resislant varieties.
Adults preferred leaves of susceplible varieties like Pusa Bindu, JC-2 and Pusa Purple
Long to oviposit where fecundity was meximum, whereas, lower fecundities were
recorded on some resistant end moderately resistant vaneties. Similarly, reproductive
rates were higher in suscephible varieties and lower in resistant varieties. In resislant
varicty ‘Kharua Bengena’ and moderately resistant varieties “Sagalisingia’, Aruna and
K5-331, the sex ratios of H. vigintioctopuncigia were more than 2 males ; 1female while
in susceptible varieties, the ralios were less than 1.5 males : 1 female under taboratory

canditions. However, the sex ratlos of field population did not differ significantly among
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varieties; the ratios being almost 1:1. The equal proportion of the sexes in matural
conditions might be due 10 the fact that in the open field, the male and female populalion
had a better chance to mix up, comnpared to the confined condinon of Lbe laboratory,
where the males were proportionally more. Sachan and Rathore (1979} also evalualed
that pre-oviposition, aviposition and post-oviposition periods of H. vigintioctopunctata
varied with different solanaceous host. These were longest on resistant and shortest on
susceptible hosts. More numbers of males than females were reporied to emerge on
resjstant host plants. Phukan (1976) found that fecundity of this beetle was more and

adults lived longer when fed on susceplible solanaceous hosts than on resistant ones.
5.7.4.3 Leal area consumption by H. vigintioctopunctata

Brinja} wurieties showed significant differences in regards w leaf area
consunption by larvae and adults of H. vieinticctopunciare. It was also apparent Lhat
adults consumed more area of leaf tissues than larvae does in first 48 h of Lheir
emergence. In this single choice test, the mean leaf area consumption by a single larva
{7.68 cm” /48 hy or an adult (2020 c.mIMSh] was measwed maximuyn in Pusa Bindu,
whereas, 'Kharua Bengena’ regisiered minimum leaf area consumption by both the larva
(1.99 cm’/48 b)Y and the aduit (5.08 cm*/48 h). Varetics like Pusa Purple Long, Pusa
Utiam, Pusa Bhairav and JC-2 were also considered favourable for their feeding. This
preferential conswnption on brinjal leaves of dilferent vanety was also evident from
shorter duration of development from egg to adult, higher adult emergence and higher
growth index of Lthis pest. In these susceptible and moderalely susceptible varieties, larval

survival was also hiph and the larvae were observed to feed on the leaves almost
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varieties; the ratios being almost 1:1. The equal propertion of the sexes in natural
conditions might be due to the fact that in the open field, the male and female population
lad a better chance to mix up, compared to the confined condition of the labomatory,
where the males were proportionally more. Sachan and Ralhore (1979) also evalualed
that pre-oviposition, ovipesition and post-pviposition pedods of H. vigintioctopunctata
varied with different solanacecus host. These were longest on resistant and shortest on
susceptible hosts. More numbers of males than females were repomed to emerge on
resistant bost plants, Phukan {1976) found that fecundity of this beetle was more and

~ adults lived longer when fed on susceptible solanaceous hosts Lthan on resistant ones.
5.7.4.3 Leaf area consumption by M. vigirtioctopunciaia

Br;njai varieties showed significant differences in regards to leaf area
consumption by larvae and adults of H. vigintiocropuncrata. It was also apparent that
adnlts conswned more area of leaf tissues than larvae does in first 48 b of their
emergence. [n this single choice test, the mean leaf area consumplion by a single larva
{7.68 cm/4% h) or an adult (20.20 cm1f48h} was neaswed maximum in Pusa Bindu,
wiicress, ‘Kharua Bengepa® registered minimum leaf area consumption by bolh lhe larva
(1.99 ¢m*/48 h} and the adult {5.08 cm’/48 h). Varieties like Pusa Purpic Long, Pusa
tittam, Pusa Bhairav and JC-2 were also considered favourable for therr feedmg. This
preferential consumption on brinjal Jeaves of different vanety was also evident from
shorter duration of development from egg to adult, higher adult emergence and higher
growth index of ihis pest. In lhese susceptible and moderately susceptible varieties, larval

survival was alse high and the larvae were observed to feed on the leaves almost
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continuously, forming skeletonized patches. The leaf area consumption by larvae and
adults in the present study were almost in agreement wilh the results oblained by Borah
(1977) and Imura and Nmnomiya (1998) with this species on different solanaceous and
cucurbilacecus hosts. In addition, Vasantha et af. (1986) and Rufener ef o/ {1987) also
reporied that larvae of H. vigimioctopunctata fed continuously or susceptible host leaves,
consumed larger amounts of leal material, had faster rate of development and low
monrality rates than the larvae exposed to the resistant lines. The less consumption rates
in resistant varieties recorded in the present study might be due to host morphology or

presence of plant allelochemics in Jarge quaniities or due to lack of nulrition,

5.8 Mechanism of resistance

Brinjal varieties exerted significant effects on development and reproduction, and
numerical sbundance of 4. gossypil and A vigintioctopunctata. Awncng the brinjal
vaneties ‘Kharua Bengena’ showed ifs supremacy in determing both the pests and exertiad
effects on several biological parameters. However, Pusa Purple Long, Pusa Uttam and
IC-2 were mostly prefarred by these pests as evident from their shorier developmental
period, longer reproductive period and higher fecundity, and higher field population

densities.

Studies on the morphological and biochemical characlers of the varieties revealed
that antixenosis factors had no apparent effect on any aspect of the biology and
population of A. gossypd. However, higher ‘K’ content, higher moishue content and
lower carbohydrale content in leaves of resistant and moderately resistant varieties

significantly affected different life parameters of the aphid. Moderately resisiant varieties,
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Pusa Bindu, Pant Semrat, Aruna and KS-331 recorded higher leaf moisture and 'K’
contents, ‘Kharua Bengena®, the aphid resistant varery had the lowest carbohydrate
content and due to this probable reason, it was unsuitable for Lheir consumption. This
supporied the earlier works of Allen ef a!. (1957), who reported that Lhere is a distinet
relationship between ‘K’ content and avsilability of carbohydrate in the plant. The
potassium deficient plants were mostly preferred by aphids. ‘K’ helps in formation and
translocation of carbohydrares, cell division and water relations in plants (Chakraborry,
1999), which in turn might confer resistance against aphids. The population density of
A, gossypii was significantly afected by low meisture content in leaves of "Kharua
Bengena'. Low moisture content of leaf has been opined to be a major evolutionary
hurdle for phytophagons insecls {Sowihwood, )978). Similarly, Edward and Wralten
[1931]}. also staled that reduced water supply acts indirectly on insects by changing the
nitrogen balance in plants. This criterion might also be applicable in the present fmdings.
Ovwerall analysis of the facts reveals that leaf moisture, “K” content and carbohydrate
coment play a primary role in deciding the suitability of vaneties to 4. gessypii. The
varieties differed in respect of several morphological aits. However, these were not
tfound to be significantly relaled to resistance of the varicties to aphids. Though in the
present study, none of the morpholegical and other biochemical piant characters showed
any significant association with resistance, however, their involvement in conferring
resistarice was earlier shown by several workers. Leaf pilosity (Hill, 1983; Levin, 1973;
Gilbert, 1971; Dariev er al, 1979; Negm et af, 1980} and leaf colour (Pathak, 1961) are
known to be associated with resistance to aphid. Total nitrogen content (McGarr, 1942;

Benerjee and Raychaudhuri, 1987), amino acid coutent {Hill, 1983) and crude protein
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content (Davis, 1972; Shvetsova and Alibekova, 1984) were also reporied to be
associated with aphid resistance. Their proportional differences rather than quantilative
variations of a particular constituent are probably more important in deciding varieial

suttability.

Brinjal varieties also showed marked varations in respect of developmenial
petivd, repruduction, sex ratio, adult longevity and field population level of
H vigintiociopunciita. Thus, varation in lbese parameters indicated an impending
condition of the host plant therein. Positive significant correlation between the leaf area
and rate of oviposition of the adults appeared to show a préfercntial response of the beelle
10 bipger area of young and mediwn aged leaves for oviposition. Larger and young or
medium aged leaves could produce sufficient space and sdequate numtion for newly
emerged Jarvae to feed on. Again, the variation in response to red colour component of
the leaves indicated that more Lhe red colour, shorter were the larval and pupal periods;
longer the adult longevity, higher Lhe fecundity and rate of ovipositian. Variety Pusa
Bindu had (he highest red and blue colour components in leaves and was found 10 be the
maosl susceptible variety to H. vigintioctopunciata. Herrera and Muniz (1979) reporied
that Epilachkna varivestis Muls. preferred red cojour, which is a favourable colour next to
biack. Present findings agree with this report. However, Saxena (1973) reported that as
the leaves of many preferred and non-preferred plants are almost of the same colour,
doubts are sometimes that plant colour would be a non-specific simulus, which cannot

provide a strong cue to msecls for discnimination among plants.
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Brinjal varieties exhibiled variations in leaf biochemical contents. Only lannin
and total phenol contents were significantly correlated with population density, cerlain
reproductive parameters and sex ratio of H vigintioctopunctata. The tannin content of
leaf had significant negative eflect on population density and rate of ovipasition, and was
positively cormrelated with sex ratio. High levels of rannin were found in the varieties
‘Kharua Bengena’, K$-331 and “Sagalisingia’, which appeared to be less preferred by Lhe
beetle. However, less tannin contents were found on Pusa varieties. Swain (1979) opined
that higher lannins in plants afford defence to herbivores by reducing nuiritional
availability of soluble protein and polysaccharides. Further, the activities of digestive
enzymes and symbiotic micro-organisms in the herbivores own gut are said to be
impaired. The involvement of tannin in offering resistance to brinjal varieties against A
vigintioctopunctata could also be explained on Lhese possible lines. Resulls of similar

nature were also reporled by Ishaaya {1986) and Borah (1987).

Phenol content of leaves showed significant negative correlation with population
density and cerlain reproductive parameters of H. vigirtiociopunciata. The present
investigation revealed that the favourable hosts Pusa varieties, Arka varieties and variety
Neelam Long were contamed lower amount of phenol as compared to *Kharua Bengena’
{resistant) and other moderately resistant varieties. The role of phenols in imparting
resistance o . vigintiectopunciata might be due to complex interactions, which could
activate host chemical defence. Results of similar nature were reported by Raju et al.
{1987) and Sambandam er al. (1976), who observed that high amount of phenols of 1he

brinjal leaves were implicated with the resistance of varieties to the beetle. Dutia {1984)
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also Tepuried that phenols are Mmown o be a factor for antibiosis in sugarcane varieties

against Lhe scale insect, Melanapsis glomerata (Green).

Many of he plant morphological and biochemical characters, which were earlier
reported to be associated with host resistance, were not significantly correlaled with the
infestation and life parameters of the beetle in Lhe present investigation. These characters
that were shown to umpart resistence were leaf pilosity {Phukan, 1Y76; Levin, 1973;
Gilbert, 1971), crude protein (Phukan, 1976; Ganga and Nagappan, 1983) and leaf

moisture content (Edward and Wratien, 198¢).

Literarure presents a ralher hazy picture of the actual mechanism of resistance of
brinjal to A. gossypii and H. vigintioctopunciata, which makes it difficult to make any
conclusive remark about the exact role of plant characters either physicai, biochemical or
their combination in conferring resistance. Among the physical plant characters, leaf
pilosity was shown to confer resistance against A. gossypii (Dariev et al., 1979; Wang,
1983) and H. vigintioctopunctata (Phukan, 1976). Other physical characters like thick
cortex (Quiras ei al., 1977) and dark green colowred leaves {Pathak, 1961) were linked up
with resistance against 4. gossypii. Differences in biochemical constituents of the host
plants were also shown to be the probable causes of resistance to 4. gassypii and
H. vigintioctepunctata. It is reporied that in resislant cowpea varieties, aphids suffered
mortality due to higher total carbohydrate, soluble sugar and Ca"™ ion (Negm ef al,
1980). Some cotton varieties showed resisiance to A. gosyypil because of protein
heterozenelly and proteinase activity (Shvetsova and Alibekava, 1984). Water supply in

this regard might have a role as it acis indirectly on insects by changing nitrogen balance
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{Edward and Wratten, |98Q), while according to Weanng (1972) intermnitient water siress
is also an important faclor goveming resislance against aphids. Moceover, Tumer (1971)
found that the growth of 4. gassypif is hindered due to absence of cerlain essential amino
acids cspecially methionine. As regards host plant resistance to H. vigintiociopunctata,
Raju e af (1987) reported Lhat low nitrogen and potassium content, and higher
phosphorus, 1otal carbohydrate and phenol content in brinjal varieties are prerequisites for
showing resistance to this pest. According to Sambandam ef 2/, (1976), high reducing and
non-reducing sugars, chlorophyll, phosphorus and (otal phenol contents actually confers
resistance (0 brimjal varieties against H. vigintioctopunciata. Although the association of
these various plant morphological and biochemical characiers to resistance against these
pests has been recorded in the past works, precise details of the resistance mechanisms in

these cases are uot clearly known.

In the present iovestigation also various anlixenosis and antibiosis based factors
were examined, Some of these factors were found to have associated with infestation and
various life parameters of these pests, although many of the associations were not
significant slatistically. Such factors, which could be involved in resistance against H.
vigintioctopunciate are foliage density, stomalal density and leaf pilosity, On the other
hand, leaf pitosity, angle of leafl attachment, veinlet density and stomatal density ¢ould
have some role in determinmg resistance against 4. gossipid. Among the biochemical
factors that could coniribute lowards resistance agamnsi 4. gosyypil are (annin, total
phieuol and total free amino acid; while crude prolein, potassium and toral carbohydrate

might have associated wilth resislance against F. vigintioctopunctata. Further study in
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greater detail regarding the associalion of these physical and biochemical Lrails and by
involving more numbers of brinjal vareties/germplasms would reveal more precise

information on resistance against these two pests.

The present study on the population ecology and varietal preference of A, gossypii
and H. vigintioctopunctata on brinjal brought out several new information on the
seasonal history, population dynamics, distribution patiem, optimuwmn sample numbers and
varjetal resistance. These first hand information, under the prevailing climatic condilions
of Assam would serve as base line for further study aimed at management of these pests.
The spatial distribution patiemn of 4. gessypii on brinjal has been studied for the first fime
in India. Some potentially aclive natural enemies like C. repanda and M. sexmaculatus
predating on A. gossypii, and parasitoids like Tetrastichus sp. end P. jfoveolanus
parasilizing eggs, larvac and pupae of . vigintioctapunctata have been reporied to
regulat¢ the natural populations of these pests. These bioconlrol agents could be
incorporated into fufure pest management programmes against these two pests. The
optimun sample numbers estimated in the present study could be adopted for accurate
estimation of population of these two pests by future researchers, who wani to work on

their ecological and pest management aspects.

Warietal preference studies revealed that the resistant and moderately resislant
varieties against 4. gossypii, such as ‘“Kharua Bengena’, Aruna, K5-331, Pant Samrat and
Pusa Bindu contained highet amount of ‘K’ and leaf inoisture, and lower carbohydrale
cotent. Hence, in future breeding prograrnmes to evoive aphid resistant brinjal varielies,

these varielies could be used as one of the parents for crossing wilh agronomicaily
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suitable vaneties. Selection of varieties may also be made on the above vanelal
characlters. As regards resistance against H  wigintioctepunctata, Lhe resistant and
moderalely resistant varieties like ‘Kharua Bengens’, Aruna, K5-31), Pant Samuat,
‘Sagalisingia’, Muktakeshi and Pusa Kranti possessed plant characiers, such as smaller
teaf area, lighter red colour component of leaf, higher Lannin and 1otal phenol contents.
Thus, these varieties may be made use of by breeders in resislance breeding programmes

against H. vigintioctopunceata, Varielies may also be selected on the basis of these plant

characters,

Thus the present study has revealed that brinjal variety *Kharea Bengena' is
resistant against bolh these economically important pests of brinjal. However, other
varieties like Aruna, KS-331, Pant Samrat are also promising against these two pests, Of
these varieties, only Pant Samrat 15 a recommended variety and ‘Kharua Bengena’ is a
locally grown popular varigty of Assam. The other two promising vanelies may also be
considered for recommendation after assessing their suitability under various agro-

climatic conditions of Assam.
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CHAPTER V1

SUMMARY

Studies on the population ecology and varictal preference of Aphis gossypii
Glover. and Herosepilaochna vigintioctopunctata (Fab.) on brinjal were conducted ar
Assam Apricultural University, Jorhat during 1998-99 and 1999-2000.

The resuvits obtained from Lhe studies are sumimarized below:

The mfestation of 4. gossypii on brinjal commenced at the seedling (5;) stage of
the crop during the sccond week of October in 1 398-9% and second week of Noveinber in
1999-2G00, The population of aplerons nymphs and adults increased steadily from the
fate vegetative stage of the crop and reached their peak at the Nowering stage of Lhe ¢rop
during the last week of JEI]].I.H.I;}' in 1998-99 and last week of February in 199%-2000. After
anaining peak, the population showed a declining trend till the last stage of the crop
during the month of Apdl, when the alale adult popnlations reached peak densities.
Seasonal mean population densities calculated were 5.15 and 1.50 aphids per 6 leaves in
[998-99 und 1999-2000, respectively.

Three coccinellid predators were recorded as a potential biocontrol agents of
A. gossypii, vir., Coccinelia reparde Thunb., Mercckhilus sexmaculatus F. and Micrarpis
discolor (.. The population of these coccinellids showed significant positive association

wilh Lhe population of apterous aphids.
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In laboratory tests, C. repando was found to be a highly efficient predator,
consuming a maximum of 29.90 4. gossypii n 24 hours.

Bright sunshine hours exhibited significant positive correlation (pooled) with
uymphal and overall aphid populations (nymph + adult} of A. gossypii (r = 0.414,
P =005 apd r = 0.399, P = 0.05, respectively). Other meteoralogical factors had non-
significant correlalion with their population.

H. vigintioctopunctata {irst appeared in the brinjal field during the second week of
Octobet in 1998-99 and fourth week of November in 1999-2000, when the crop was in
seedling (S3) sltage. The peak incidence of the beetle could be noticed during the first
week of March in the first year crop and during the fourth week of March, in the second
year crop, when the crop attained Ry and Rj stage (fruit maturation and ripening). Soon
after aftaning peak, the population declined to almost traceless within Lhree to four weeks
duning the last mages (R4 and Ry} of the crop in Lhe month of April. Seasonal mean
populations harboured by the crop were 1.82 beetles/2 branches and 0.67 beetles/
2 branches in 1998-99 and 1999-2000, respectively.

H. vigintioctopunctata was parasitized by rwo hymenopleran parasitoids of the
family Eulophidae. Of these, Tetrastichus sp. was found to parasitize eggs and early
instar larvag, while the Pediobius foveolarus Craw. parasitized mainly pupae but also
found to parasitize late instar larvae, There were sigruficant posilive comrelation between
host population and extent of parasitization by both the parasitoids.

Moming relative humidity was found to have significant negative effect on larval

(r — - 0.460, P = 0.05), pupal (r = - 0.485, P = 0.0}, adult (r = - 0.537, P = 0.01) and
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overall population (larva + pupa + adult) (r =- 0.530, P = 0.01} of H. vigintioctopunctata.
Al olher meteorological faclors hed no significant association wilh Lhe beetle population.

Spatial distribution patiemn of 4. gorsypd nynphs and adults of aplerous form, and
alate adulis on brinjal crop were comagious. However, distribution showed regularicy in
one or two initial sample dates in case of adulls in both the years of study and nymphs in
the first year. Distribution pattern of immature and adult stages of H. vigintioctopunctala
were also contagious in both the years, except in few initial and later phases of crop
growih, where distribution was regular. However, adults in the first year also showed
regularity in distribution duriﬁg flowering stege of the crop. Mean clump sizes for
A. gossypii nymphs and adults, an immature stages and adults of H. viginrioctopunciara
indicated Lhat aggregations in most of the cases for both Lhe msects were due
envirenmental helerogeneity in the crop field and due to active behaviour of the pest.

The clumped distribution of 4. gassypii nymphs and adults as well as immature
and adults of H vigintioctopunctaia were further conlirmed by Iwao’s patchiness
regression and Taylor’'s power law models. Both the models gave good [imess to the
population distribution of these two pests.

Optimum sample numbers ¢stimated (Ruesink, 1980) for both the sampling
methods at two levels of precision (10 and 23%) showed Lhat the required sample
numbers were more or less same m the case of 4. gossypii, whereas slight variation
occurred 1 the case of H. vigintioctopunctata, The optimum plant numbers (average of
two years data) required for ecological studies (10% precision level} of A. gossypii were
91 and 77 for nymphs and, 105 and 89 for adults under PI(A)-1 and PI(A)-2 sampling

methods, respectively. While for pest management studies (25 % precision level) it
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nwnbered 14 and 12 for nymphs and, 17 and 14 for adulis for egg clusiers, larvae, pupae
and adults of H vigintioctopunctata, the optimum number of samples in PKL}! and
Pl(L)-2 for ecological siudies were 196 and 172, 196 and 131, 216 and 143, and 285 and
196, respectively. Whereas, the reasonable samples for pest management studies would
be 35 and 29 for egg clusters, 37 end 21 for larvae, 35 and 24 for pupae, and 47 and 32
for adults under Lhe sampling methads, respectively.

Brinjal varieties differed sipmificantly in respect of intensiry of attack and
population density of A. gossypif and H. vigintioctopunctata. Based on population density
of A possypii, the varieties Aruna and ‘Kharua Bengena’ were ranked as resislant.
Moderately resistant varieties were Pant Samrat, K5-331 and Pusa Bindu, Vaneties Arka
Nidhi, Pusa Kranti, AB-2, Arka Keshav and Pusa Bhairav were moderately susceptible,
while the susceptible vaneties were Ngelam Long, Pusa Utam, ‘hagalisingia’,
Muktakeshi, Pusa Purple Long and JC-2. Based on popuiation density of
H. vigintioctopunctata, the varely, ‘Kharma Benpena’ was again found to be resistant
followed by varieties Aruna, K8-331, Pant Samrar, *Sagalisingia’, Mukilakeshi and Pusa
Kranti, which wete found to be moderately resistant. Moderalely susceptible vareties
were AB-2, Arka Keshay, Arka Midhi and Neelam Long, while Pusa Bhairay, JC-2, Pusa
Utlam, Pusa Bindu and Pusa Purple Lobg weresusceptible varieties,

Among the life parameters of 4. gossypii, only the total nymphal period and rale
of nymphal deposition were significanuly affected by (he varieties. Resistant varieties,
Aruna and ‘Kharuz Bengena' delsyed nymphal development (8.09 — 8.31 days) and
reduced the rate of nymphal deposition {3.18 — 3.30 nymphs/female/day) of A. gossypii.

As regards f, vigiruioctopunctata, the only resistant vanety, ‘Kharua Bengena’ markedly
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affected each and every life parameters except oviposition period. The resistant variety
accownted for longer incubation peripd {4.46 days), total larval period {21.49 days), pupal
pericd (5.48 days), pre-oviposition period (13.44 days), lowest fecundity (102.30 eggs
per female) and reproductive mle (3,16 eggs/female/day), shorter adult longevity (41.80
days) and higher male:female ratic (2.33:1). Hatchability (36%), larval svrvival
{53.30%), adult emergence (71.40%) and growth index (2.48) were also significantly
iowered by (he resistani vaneties.

" The possible cause of differential varietal response of brinjal crop to the attack of
A. gossypii and H vigintioctopunciata were established. None of the physical varietal
characters studied showed associahion with resistance against 4. gossypii. However, leaf
area of young (r = 0.551, P = 0.05) and medium aged (r = ¢.532, P = 0.05} leaf showed
positive cﬂne]atiﬁn with the rate of oviposition of H vigintiocropunctata. Red colour
inlensity of leaves of brinjal varieties also had significant correlation with Jarval period {r
-~ - 0.565, P = 0.0%), adult longevity (r = 0.640, P = 0.01), fecundity {r = 0.556, P = 0.03)
and rate of oviposition (r — 0.511, P = 0.05) of this phytophagous coccinellid. Of the
biochemical contents of brinjal varieties, polassium (¥ = - 0.546, P = 0.05) and moisturs
contents {r = - .497, P = ¢.05) of brinjal leaves had negative significanl asspeiation and
tatal carbohvdrate content (r = 0.543, P = 0.035) had positive significant association with
the population density of 4. gossypii in (he field. Whereas 1annin content end toial phenol
content of brinja) vanety leaves were sigmficantly correlated with population density
ir = -0.550, P= 005 and r = 0.691, P = 0.01), rate of oviposition (r = -0.458, P = 0.05
and r = - 0,621, P = 4.01) and sex ratio {r =0.503, P=0.05Y and {r = 0.654, P=0.01) of

{1, vipintinctopunctata, respectively. Total phenol content also had significant negative
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association with fecundity (r = - ¢.592, P = 0.03) of ths bectle. Finally, 1l cauld be
inferred that varieties wilth higher potassium content, higher moisture content and lower
level of total carbohydrate content in leaves were resistant to 4. gossypis, while varieties
with smaller leaf area, higher red colour intensity, higher annin content and higher total
phenol content in leaves were resiswent to M vigintioctopunctaia.

Amang Lhe 1o varieties of brinjal tested, only ‘Kharua Bengena® was found to be
resistant and, K5-331 and Pant Samrat were moderaiely resistant against both 4. gossypi
wd . vigintioctopunciata, while vanenes Pusa Uam, Pusa Purple Long and JC-2 were

tound ta be the susceptible ones to these pests.
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APPENDIX |

Weekly meteorological data for the period of field experimentation at Assam
Agricnliural University, Jorhat during 1998-99

l.)a-nc Averape temperature  Averape relative Total
Y humidity (%) painfall  BSSH. No.of
o Max. Min.  Mom.  bwen.  (mm) {(hy  rainy days
Octiber 8-14 3440 250 QLG T5.0 0.0 8.5 0.0
[5-21 )3 237 94.9) 23.0 8.6 3.7 6.0
22-28 294 238 94.0 9.0 12.8 43 1.0
October 29-November 4 296 20.8 Qa0 70 0.0 5.8 0.0
511 293 17.9 4.0 T30 A B0 0.0
12-1% 276 16.3 a5 720 LRI %1 0.0
19-25 280 8.9 4950 1.0 424 43 4.0
November 26-December 2 285 16.9 960 680 0.0 749 0.0
3-9 275 14.3 460 66.0 0.0 o2 0.0
10-16 258 12.4 G0 710 0.0 8.0 0.0
[7-23 24.5 10.3 93.0 630 VALY 14 0.0
24-3] 245 9.1 970 63.0 vl 8.3 0.0
January 1-7 24.3 85 97.0 65.0 IZL 8.0 0.0
8-14 227 7.8 97.0 71.0 0.3 70 1.0
15-1 24.4 80 6.0 5490 0.0 87 0.0
22-28 25.5 98 895.0 1.0 0.0 94 0o
January 29-February 4 257 11.0 05.0 T 37 83 1.0
5-H 28.5 12.5 83.0 630 0.0 7.8 a.0
12-18 30.1 13.7 91.0 6.0 0.0 8.7 00
15-25 29.0 15.1 a0 6} 0.0 77 Ry
tFebruary 26-Murch 4 302 15.5 91.0 63.0 0.0 34 0.0
511 303 16.2 91.0 a2 0.4 7.0 0.0
12-18 30 164 91.0 faty. {} 0.0 6.1 6.0
19-25 3.1 16.1 9240 62.0 0.0 6.1 0.0
March 26 -Apnl 87 17.9 920 Fipi 414 540 in
23 285 19.1 9310 6710 28.3 6.0 4.0
215 v pai iy g1.0 fs. ) 12.1 6.2 2.0

bG-22 325 220 90.0 390 (0.0 17 (.0
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APPENDIX I

Weckly meteorological data for the period of Nield experimentation at Assam
Agricultural University, Jorhat during 1999-2000

I iake Average temperature  Average relative
(°C) hurmidity (%e)

Touat
. ramfall BS5SSH.  No.of
Max. M. Mom. Even. {inm) (h)  rainy days

Movember 3-11 208 20.1 84,0 T4.0 0.0 8.3 g0

P21 237 17.1 5.0 18.0 0.0 o7 0.0

19-25 27.3 15.8 95.0 TR0 0.0 8.7 0.0
Sovember 26 December 200 273 130 v £90 R ap o.p
34 26.3 114 6.0 69.0 0.0 497 0.0

1016 26.4 135 94.0) 680 0.0 0.1 0.0

17-23 248 101 7.0 74.0 0.0 8.7 0.0

24-3G 23.6 9.3 99.0 79.0 0.2 7.2 1.0
1eceinber 31 -January & 131 6.7 99.0 T3l (.0 a8 0.0
7-13 134 87 3.0 GERL (1) 90 0.0

[4-20 18 06 980 76.0 0.0 6.2 0.0

2127 210 il6 94.0 8310 125 43 30

January 28-February 3 227 104 954 76.0 8.6 13 20
4-10 229 10.9 02.0 69.0 040 70 .0

b1-13 253 10.6 30.0 59.0 0.0 a8 0.0

19-24 247 6.5 90.0 63.0 04 8.5 0.0

lebroary 25-March 2 139 1.2 824 730 10,8 6.0 3.0
R 2248 13.7 884 R i1 6.t R

10-17 21.8 13.8 91.0 730 1.9 9 Al

i8-24 2P 146 800 4.0 0.0 34 (1.0

25-31 30.7 16.0 By fr3.0 .5 5.7 1.0

April 1-7 278 17.6 91.0 T54 8.5 3.3 4.0
§-14 295 17.3 92101 714 437 7.4 5.0

§5-21 3.5 16.9 §9.0 i} 26.1 58 EXY
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APPENDIX II}

Laboratory meteorological data during the study period

. _{13 January to 24 April, 199%) .
“Date Tempersture ("C) Average relative humidity (Vo)
e Maximum  Minimum —
Jannary, 1999

13 17.60 9.8 73.00

i 17.50 10.2 76.00
20 [7.80) 09 74.00
2l {E.00 10.3 72.00

27 18.10 10.00 70.00
23 17.80 10.10 7100

24 13.5¢ 10.30 1250

23 19.00 11.20 T4 00

it 18.80 11.00 T60.00
it 19.20 11.00 75.00
28 19.10 P10 74.50

29 19.50 11.30 76.00

M 19.70 11.40 19.00

31 19.20 11,30 &1.00

February, 1999

| 1980 11.50 £0.00

o 20.00 11.80 78.50

3 2110 12.10 79.00

4 20.20 2.30 78.00

5 22.10 12.60 77.00

& 21.40 12.80 7%.00

7 20.80 13,20 76.00

3 21.50 13,90 77.00

& 2330 14,40 73.50



Y

Date Tempetature ('C)  _~ Average relative humidity (%)
e Mimximum Minjmum . L _
Febroacy, 1999

(o 2220 14.20 74.00
i 22.50 18,10 T8.00
B 22.80 14.30 76.00
13 23.40 14.10 75.00
4 24.00 13.80 73.00
15 2340 14.20 T1.00
[ 24.00 13,40 77.00
17 23.20 15.10 76.00
13 22,10 1530 79.00
19 21.00 15.60 74.00
20 23.00 15.10 73.5Q
2] 2230 15.80 7500
22 23.50 15.30 74.00
23 23.30 1540 72.00
24 24.50 15.60 75.00
25 22.60 15.20 7600
26 2330 1560 73.50
27 24.00 15.80 74.00
28 23.00 15.30 1100
March, 1999

1 22.80 1540 73.00
2 23.50 1580 72.00
3 24.20 14.10 76.00
4 24.30 14.30 77.00
5 23.50 16.00 78.50
i} 2420 16.30 8 .Gl
7 23.90 15.90 76.00




Date ___ Temperawre (°C}) Average relative humidity (%)
L Maximum Minimum
March, 1999
3 25.10 16.30 80.00
9 24 .80 16.60 73.00
L0 23.30 16.40 79.00
i 24.60 16.10 80.00
12 24.30 16.80 84.00
13 26.20 16.70 79.00
i4 25.10 14,30 77.50
15 24.10 16.00 20.00
16 26.00 16.90 76.00
L7 24.80 16.50 79.00
18 25.20 16.80 74.00
19 24,80 16.00 76.50
20 26.20 16.30 78.00
21 25.50 15.90 78.00
22 20,20 16.60 79.00
23 24.70 16.1¢ 20.00
24 2540 16.30 74.00
25 26.20 16.40 78.00
20 2040 17.30 85.00
27 19.60 17.1Q 26.00
28 2140 17.60 87.00
29 21.20 17.50 84.00
30 22.30 17.90 82.00
31 21.50 17.60 8050
Aprii, 1999
1 21.30 18.00

80.00




vi

Daie _ Temperature ("C) Average relative humidity (%)
e ...Maximum Minioum
April, 1999
2 20.80 18.20 &350
3 2040 18.10 34.00
4 22.50 18.40 g1.00
5 21.60 18.20 §2.00
& 22.80 18.30 84.00
T 20.40 17.60 £28.00
& 22.90 18.50 53.00
9 23.30 18.20 20.00
10 3260 18.00 82.50
11 23.50 18.50 §1.00
12 2350 1230 36.00
i3 2440 19.50 £1.50
14 25.00 20.50 74.50
15 26.50 21.50 77.50
13 25.00 21.00 TR.A0
(7 24.50 2033 76.00
18 24.00 21.00 15.50
19 25.00 21.50 74.00
20 26.00 21.50 79.00
21 23.50 20.00 75.50
a2 24.60 22.40 T8.00
23 2350 20.20 3350

24 25.00 22.30 §0.00
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APPENDIX 1V

Description of growth stages of brinjal plant {var. Pusa Purple Loog)

Stage Stage title Description

i — o ——— i | | e e P e R e e, e

‘:eedlmg stage

'S, Young seedling First 3-lealstage
% Medium aged seedling  Leaf formation on mam stem

%3 Oid seedling S-leaf stage
¥ -.gctaii.i-: ;;;Eﬂ i i
V, Early vegetative  Main stem with | branch comaining 4-5 leaves
Vn Mid vegerative bain stem with 2-5 branches containing 15-30
leaves
Vs Late vepetative Main stern with moce than 5 branches containing

appmmmau—l y 50-60 leaves

fttprﬂmueiwe stage

] e e e A S S —

R, Flower tud formation | or 2 clusters of flawer buds at any internode

R; Flowering L ar 2 open flowers at any internodes with 4-5
clusters of flower buds

Ky Fruit initiation Imitiation of | or 2 fruits with 4-5 open Hlowers

R Fruit maturation L ar 2 matured fruiis with 6-8 open flowers

Rs Frut ripeaing I or 2 vipened fruits with }-2 matared fruits and 2-4
apen flowers

Ry  Fruit ripening and leaf  50% of fruits ripened and leaf begins to fall
falling

R Froiting cessation and ~ 50% fraits ripened, no fruiting and more than 30%
leaf falling leaf fall

o ——
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APPENDIX V

Source of sced material and status of brinjal varieties used in the study

Variety Source Yield (g/ha)  Status
Pusa Kranti  Div. of Vegetable ¢rops, .

L4 R.I., New Delhi-12 135-200 *Recommended
Pusa Purple Long ~do- 200-230 -do-
Musa Bindu -do- 200-220 **Promsing
Pusa Uttam -do- 185-195 -do~
Pusa Bhairav -dp- 200-210 Recommended
AB-2 -do- 170-190 Promsing
Aruna -do- 185-200 -do-
K4%-33t -do- 180-200 -do-
Pant Saniral -do- 155-210 Recommendad
Arka Keshav Indian Institute of

Horticultural Ressarch,

Hessaraghatia, Bangalore-89 190-200 Promising
Atrka Nidhi ~do- 190-200 -do-
Muktakeshi Sutten & Sons (India) Pvi.
Ltd.. 13D, Russell Street,
Calcutta-71 180-200 -do-
MNeelum Long -do- 200-215 -do-
JC-2 Aal) Jorhat 200-23Q Recommended
*Kharua Bengena’
{local) Local collection 190-2140 Promising
“sagalisingia’
ilocaly -do- 200215 -dao-

* Recommended for general cultivation in Assam

**Promising in varietal trials conducted in various research centres in India under
ALCRP schemes





