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ABSTRACT 

!llve,tigatiOI) Oil population ecology and varietal prcfcrcll~c of AI' his KOS,I)I!U Glover 

and Henosepilaclma vlginlioclopl<flCfa/a (F ab.) were carried out on brill)al (Wlll[C' crop) 

during 1998·99 and 1999- 2000 at Assam Agricultural University, Jorhat_ Both the pestS 

appeared on the brinjal crop at the oeedling stage during October - November and remained 

in the iield till maturity of the crop. The population peaks of the aphid and the beetle were 

n,rord¢d during January-February (early reprodw.;tiw 'lage) and March (iruit npening stage), 

respectively_ Three coccinellid predators viz_, Coccinella repando Thwlb., Menochilus 

sexm,,"'u/alUs f. and Micra;;pisdisc%r(F.)were recorded prcdatin\! on A, gOS>}l),j, These 

predators showed significant positive association WiUl the 1l}1nphal and adult aphid populations_ 

Bright sunshine hours had significant positive efi""" on aph iJ population build-up_ 1 wo parasilOiJ>. 

\'I:" Tella.,.,ichus sp. and Pediob/u, foveolar"" Craw. were recorded on 

/-{, VlgimioclOPUnL'lala TIte former parasitized eggs and early instar larvae and the lat~r 

~I!acked the later instar larvae and pupae of H vlginlioaOpUnclala. Extent of parasitization 

by "i"clraslich,", .'p. and P_ foveo/aM bad signiticant positive relatioru;hip witb egg mass and 

larval and pupal populations of the beetle, respectivd}, Morning rela\1ve humidity exhibited 

significant negative relationship with the population of the beetle. 

The population of A_ gu\'sypii and H. VigHUIOCIO/J1"',·w/o followed negallve hinomial 

di,triblllion during botb the years, Ho"ever, distribution became poisson allow population 

densities during the initial and later phases of infestation, 'nle dumpings of A [{O.I_'JlHI ll)'!llphs 

and apLerous aoull as well as of larvae, pupae and ,,,lul! of H VlglllllocIOPW',-ic,[(I "'cre, in 

most ofThc ca,L' dlle to "nvirOHlllcntal heterogeneity and a~live beflaviour ofthc,"" t"o pests. 

Iwao';; patchiness regression and Taylor', power law confirmed the results. The optimum 

>ample !lumbers decreased with the incII'a", of populaliorl density. 



Studies were carried (Iut on varietal preference of A, gussyI'" and fi_ 

<'igm/;oclopunc/ala under field and laboratory conditions. Of the sixteen varieties tested, 

Aruna and 'Kharua Bengena' Were found resistant to aphid infestation, while Pant Samra!, 

KS-331 and Pusa Bindu were moderately resistant. Higher potassiunl (K) and mois!lJre content 

and lower carbohydrate content in the leaves of resistant varieties reduced aphid infestation 

'Kharua Bengena' was the only resistant variety against H v;gm/;oClOpunc/ala, whereas 

Aruna, KS-331, Pant Smnrnt, 'Sagalisillgia', Muktakcshi and Pusa Krmlti were moderately 

resistant to the anack. 'Inese varieties had significantly smaller leaf area, lower red colour 

intensity of leaves, higher amounts oftannin and phenol, which were responsible for their 

resistance to the auack of the beetles. No antixenosis factor of the brinJa! varieties could be 

msso<:iated with "",istance ofbrinjaJ varieties agains!A, gassypll. AntibioSIS filctOIS in leaves of 

resistant varieties adversely affected various life parameters of these two pe,ts. The nymphal 

period and reproductive nlte of the aphid and the larval period, pupal period, fecundity, nlte of 

oviposition, adult longevity and sex r~tio of the coccinelJid were significantly afft\:ted by varietal 

variations. 
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CHAPTER I 

INTRODUCTION 

Brinjal is an important and a common vegetable crop grown throughout the 

world. It usually finds its place as " poor man's ~rop, because it is a ready source of 

essential nutrients to poor people besides generating income. As a vegetable, the boiled, 

flied or sluffed brinjal fruits are real gastronomic delight [t has got much potential as raw 

material in pickle making and dehydration industries (Singh e/ al., 1963). Brinjal is very 

lien in vj\amirn; A, B and C. PuIple and green varieties arc nch in crude protein and they 

also contain higher amounts of calcium and iron than the white varieties. The purple 

varieties ~ also rich in essential anrino acids (Flick el al., 1978), leave, and fruits of 

brinjal have some ayurvedic medicinal properties (Nadkami, 1927). It has been 

recommended as an excellent remedy for liver complaints, used as appetiser, aphrodisiac, 

cardiotonic, laxative, I!lurant and reliever of inflammation. According to Choudhary 

(1976'11), white brinjal is considered good for diabetic patients. 

Brinjal (Solanum melangena L.) is a solanaceoll.'; plant species, grown in tropical 

and semi-tropical climates throughout the world. It grows well upto an alhtude of 1200 n1 

on light soils. 1t is an annual crop, which require5 long warm season (22 - 30DC) during 

growth and fruit matlll1ltion. Although cultivars differ in their response to temperature 

variations and can thrive well in winter season aho. Brinjal i5 wet! adapted. to both wet 
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and dry season cultivation but excessive rainfall checks both vegetative growth and 

flower formation (Chadha, \993). 

Origin of brinjal is quite confusing_ Many workers have mentioned that il is a 

native of Asia as S. melongen .. have l>eco found growing in India and Burma. Greek and 

Romans did not know the species and in Europe, it was not Imown I:)efore tile beginning 

of the 17th century (De Condo lie, 1904; Vavilov, 1928), while many workers have given 

contradictory statements. The solid evidence of existence of brinjal crop in India came 

froo> 'Am,,, Kosha', II Sanskrit dictionary of liDO AD" where it has been 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). 

BrinjaJ is an important conunerciaJ crop grO"TI all over India. Presently, it has 

been widely spnmd throughout Tropical Asia, Tropical Africa, Tropical America and 

most trOpical and sub-tropical areas (Chadha, 1993). Flick el al. (1978) mentioned that 

purple brinjal variety is widely used but other varieties that differ in colour, size and 

shape !lIe known. Besides purple, the other colours of brinjlll fruit may be white, !ight 

gTeen, pink and black. 

Brinjal occupies an area of 4,32,000 hectal"ts ,n the world wiili the pY<><lucliN' I)f 

5.54 million IonS wilh an average yield of 146 q/ha (FAO, 1987). In {ndia, il occupies an 

area of 2,99,770 hectares with the production of 31,24,487 Ions (Gill and Tomer, 1991), 

although Som and Maity (1988) reported thai the act)lal area under brinjal cultivation in 

India is not possible to estimate because of its seasonal nature of cultivation. International 

lrade is negligible and the crop is consumed more or less locally. This crop is also grown 
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m great abundance in almost all the districts of Assam and is considered a major 

remunerative cash crop aOlong vegetables found the year. As per the records 

(unpublished) maintained during 1998-99 _by the Division of Horticulture, Directorate of 

Agriculture, Assam, !he state occupies an area of 1 S, 156 hectares with a total production 

0[2,30,6)1 tons per arulum. 

In India, brinjaJ crop is infested by nearly 30 different groups of insect and noo­

insect pests, which include as many as 142 species of insects (AyYlIf, 1963; Sohi, 1966; 

Vevai, 1970; Butani and Verma, 1976; Hill, 1983). Of these, the pests of major 

importance are shoot and fruit borer (Leucinodes orbonalis Guen), stem borer 

(Euzophera perticella Rag), leaf roller (Eablema olivacea Walk), epilachna beetle 

U-fenosepiiacht'!{l vigintioctopu~/o/a F.), aphid<; [Aphis gossypii Glov. and Myz!J.S 

persicae (Sulzer)], jassids [Amrruca bigullula bigurlula (Ishida)], lace wing bugs 

(Urenlius 5p.), red spider mjte (Tetranychus sp.) and root knot nematode [Meloidogyne 

incognila (Chitwood)]. In Assam, cotton aphill AphiS gossypil Glover (Homoptera 

Aphididae) and epilachna beetle, Henosepilachna vigmlioctopunculJa (F.) (Coleoptera: 

Coccinellidae) are among the major pests infesting brilljal besides shoot and fruit borer 

(Borab and Sabaria, 1985; lOlita, 1999). 

Aphis gossypii Olov. is widely distributed in India, South East Asia, America, 

Tropical Africa, Europe and Southern Australia (Hill, 1983). It is a polyphagous pest, 

attacking a wide range of phmts belonging to 46 families (Roy and Behura, 1983). They 

especially feed on cucurbitaceous and legwninous plants. Even though their principal 

bost crop is cotton, they are also considered major pests of brinjaJ (Bulani and Verma, 
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1976). The nymphs and adults of this aphid are fOWld in large nwnbers, sucking the cel! 

sap from undersurface Qf leaves and tender api~al shoots. Heavily infested leaves tum 

yellow, get deformed, curled and dry up causing serious reduction in fruit yield 

(Agarwala and Raychaudhuri, 1981). In addition, it also secretes 'honey dew', on which 

fungus (C"pnodium sp.) develops coveting the «Itiw kaf s\lr{ace and some ~hoo1S wiU\ 

black sooty mould, which in turn interferes the photosyntheti.; activity of the plant and 

results in poor plant growth and lIIIdersized fruits (Butani and Verma, 1976). Thll aphid 

makes its appearance in the brinjal field sometimes during the last week of October or 

early part of November depending upon the climatic conditions and remains active till 

nexi April (Roy and Behula, 1983; Kalita, 1999). 

Epilachna beetle, Henosepiiachn" vigintiocropunclala (F.) is another common 

pest of brinjal fOlWd allover India. It has a very wide distribution in South East Asia and 

America. The beetle has 28-spots on the elytra. It is a serious pest of several solanaceous, 

cucurbitaceous and legwninous crops in Assam (Borah, 1977; Saharia, 1985). The adults 

and grubs of the phyt<lphagous =inellid Gause dan,age to the leaves, tender parts and 

sometimes fruits hy scrapping the epidermal layer in a concentric manner. lbey 

skeletonize the leaves artd in epidemic sitwltions, the crop yield is substantially reduced 

(Rai and Gopal, 1976). In autwnn crop, this pest remains active from November to April 

or May in Assam (KaJita, 1999). 

In Ass:Im, brinjal C1QIl suff~ due to heavy inftstation of these two pests. more 

particularly the autumn planted crop, despite the fact that more than 90 per cent of these 

pests are controlled by the use of modem synthetic organic insecticides. The extremely 
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nJPjd rate of multiplication of these pests stands a, a big bandicap in the effective control 

measures that mil!ht account for the doubtful return fm the cost \nvo\yed in I)l)dertaking 

extra spraying operations. On the other hand, persistent application of insecticide 

adversely affects the natural enemies and pollinatl'rs as well as increased insecticidal 

residues in piant parts might cause serious health problems arising from the chemical 

control methods in recent years, This led to greater emphasis Qn the development and 

evaluation of resistant varieties. But studies in this regard particularly on aphids and 

epilachna have not been given due importance till date. However, there are a few reports 

on use of briujai as one of the food plants in host preference studies against these two 

groups of insects (Dutta, 1975; Borah, 1977), There are also preliminary rt::ports from 

iiff"""'nt pzru. of \he country <ID varietal reactions ofbrinja\ (mostly not recommended for 

Assam) against aphid (Reddy and Buadar, 1990) and epilachna beetle (Raj and 

Kumaraswamj, 1979; Rajendran and Gopalan, 1998). But such mere reports on reaction 

of varieties do not provide enough information on the mecbanism of resistance. 

The success of any pest management programme requires a thorough knowledge 

of the population ecology including distribution panern, seasonal history, effect of biotic 

and abiotic environmental conditions on pest population in different crop stages. 

The knowledge of the seasonal trend in population buildup of the pest species and 

their natural regulation in numbers by the combined effect of biotic and abiotic 

environmental factors are of paramount importance fOT proper planning of the pest 

!IllIIlagementstrategy. Southwood (1977) pointed out tbat change of the population 

fluctuation to a state of stability is associated with an increasing duration of stability in 
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the biotic and abiotic environments and conversely, the slight changes in these 

enviIorunental iactms w(lU].d adv<mlely affect the growth of \be illsect population. 

Siosser e/ al. (1998) stated that regUlation of aphid population densities were governed by 

lIbiotic factors and population decline was regulated by abiotic factors while to some 

workers, the incidence of brinjal aphid is related to relative hWllidity or sometimes, it is 

due to cloudiness (BaneIjee ef al., 1986; Chattopadhyay el al., 1996). Similarly, 

according to Abbas and Nakamura (1985), the population regulation of epilllchna beetle 

-is mostly contributed by parasitism and starvation by overcrowding. In some other 

reports, it was shown thai the density dependant mortality was not caused by starvation 

and was suggested to be the effect of habitat in stabilizing population numbers (Hirano, 

1985). Therefore, it is not conclusively known, actually which factors play sig]lifican.t.. 

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, efforts were made to determine the effects of abiotic and biotic 

components of the environment individually and in combination on the population of 

these insects. 

The study on distribution pattern of a population is of considerable ecological 

significance. The spatial distribution pattern adopted by an insect is an intrinsic property 

of the species (Taylor, 1961). It gives information about the behaviour of the population 

~ides providing a base rOT develuping a sound sampling plan. It determines the meIhod 

of interpreting population data and can be used for measuring the size of the population 

(Harcourt, 1961; Taylor, 1984). An understanding of the distribution pattern is also vital 
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to the analysis of predator-prey and host-parasitoid relationships. Thus adequate 

infonnatiOIl about the distribmion pattern of inse~t population gives an insight to 

fonnulate suc~ssful pest management strategies. Hence, an effort has been made to 

W1derstand the spatial distribution of these pests in autumn planted brinjal crop. 

The use of resistant variety is " vital component in the integrated pest 

management system. Selection of genetically variable plant varieties for the resistance to 

a particular pest, in a particular envirolUIlentaI condition is an important aspect of 

evahw.ting and selecting resistant varieties. Incorporation of resistance against one or 

more insects is desirable to reduce the investment on insecticidal application (Raju el ai" 

t 987). The \l$e of re~istaut varieties has alw got its own advantages as it keeps the plant 

and its environment UDpol1uted and therefore it plays a great role in insect pest 

management programme (Prasad, 1983). Thus an allempt has been made to determine 

Msistmce in brinjal varieties against these pests on the basis of their growth and 

development in laboratory condition as well as their population abw)(jance under field 

conditions. 

Another important aspect that needs greater emphasis is the detection of sources 

of resistance in promising plant varieties. Resistance mechanism offered by a plant is 

detennined by the combined effects of both bio-physical and bio-chemical status of the 

pW1 (Rufener et ai., 19S7). It is thus necessary to detennine and confil1ll the possible 

iIwolYemmt afrum-prefefence or mibioois factors in conferring resistance to promising 

varieties against the pest species. 
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In view of the above facts and paucity in our knowledge on two most important 

pests of brinjal viz., Aphis gossyp/i Glover and Henosepi/achna viginlio<;lopunctala (F.) 

and «'alizing the importanC<l of btinjal crop in the North Eastern state of Assam, the 

investigation was undertaken with the following objectives: 

L to know the se$soIllll history and population dynamics of A. gossypii and 

H. viginJioctopunClala under field conditions, 

2. to find out the distribution pattern of A, gossypii and H viginlioclopunc/t.l/a on 

brinja! in field conditions, 

3. to evaluate certain brinjaJ varieties for resistance/susceptibility to A_ gossypii and 

H. vigintioc/apunclata, and 

4. to ascertain possible sssooiation of physical (antill.<mosis basOO) lmd biochemical 

(antibiosis based) plant varietal characters with resistance/susceptibility. 
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CHAPTERU 

REVIEW OF LITERATURE 

Brinjal aphid, Aphi.5 g(!ssypii Glover is fast becoming a major sucking pest of 

brinjlll. in As=. The severit)' of damage anrllosses incurred due to the depredations of 

this sllcking pe$l ofbrinjaJ in Assam, had come to notice in the recent past. Previously, it 

was a minor pest of vegetables. Likewise, field information On seasonal incidence, 

reproductive biology, distribution pattern, population d)'Wlmics and resistant host plant 

studies were not avaibbJe, TIten:fore, similar welTks on QtW!t or lelated ~ies frmn , 

different tropiul and sub-tropical areas were reviewed and pre,;ented. 

The other common and major peS! of brinjaJ, the epilachna bwtie, 

&nosepiJachntJ vigintioc/opunctata (F.) is a well known pest of solanaceous crop in 

A=. It skeletonises leaves ond scrap tender apical parts as well as fruits, resulting in 

substantial yield loss. IAlspite a few works on its seasonal occurrence, biology and 

control, all other works relating to the present investigations were from different parts of 

India and other brinjal growing coWltries. Moreover, information on spatial distribution 

1.1. Population dynami(s 

The general tendency of an insect species to increase in numbers in order to 

realise its reproductive potential is counter balanced by various environmental factors. In 
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1n Gujarat, the infestation of A. gossypii on coriander field commenced from the 

second week of December !UId the population increased upto the last week of January, 

while peak population was observed during January and February (Gheliya and Bulani, 

1995) and population of this aphid on conon peaked (4),05Iplant) in the second fortnight 

of October (Patel and Rote, 1995). 

In an experiment on the effect of temperature on seasonal changes of the survival 

rate of A. gO$.lypli population in the wanner 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 Cayrafia 

japan/co leaves due to lower air temperature. In winter, most of the aphids on Veronica 

persICO disappeared due to low temperature in we field. 

Senapati and Mohanty (1980) reported from Tamil Nadu that the incidence of 

A. gossypii was high in August - October and December - January on cotton, grown in 

kluuifand rob! seasons, respectively. Cotton plants, 8 - 10 weeks old, succumbed to 

aphid infestation more than those at other growtb stages. 

From Orissa, Roy and Behum (1983) reported that the number of alatae, apterae 

and nymphs of A.. gossypii pet" leaf on cotton SOWtl. as seed during 1918 - 19 showed 

highest average population (44.02) during Janwuy. 

Baneljee and Raychaudhuri (1987), while studying the incidence and reproductive 

pCI(elltial of A. gossypii on brinjal in the field in West Bengal, found that the population of 

the aphid peaked on the old, yOWlg and tender leaves wben the plants were 2, 4, 6 months 

old, respectively, but the bighest incidence was always On the old leaves. There was a 
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significant positive correlation between nitrogen content and reproductive activity of 

A_ gossypii for each of the leaf type. 

In another experill1ent on population fluctuation of A. gossypii on brinjaJ in West 

Bengal, Banetjee et 01. (1986) fOWld that the aphid population [Irst appeared in October 

omd peaked in February, when the plants were 5 - 8 months old. The per cent alate 

viviparous females in the population declined !Tom October till December, th~n increased 

again and re~cheo a peak in April. The p~cemage of aplcrac increased front November 

to January. It was also sllggested that a relationship existed between the incidence and 

relative humidity of the environment. 

According to Araujo and Sales (1985), population dynamics of cotton aphids, 

A. gossypii on cotton Wa5 not affected by minimwn, maximum and mean temperatures, 

relative humidity, directioll or velocity of wind, evaporation rate, rain or the number of 

mature balls. However, increases in jXlpulation were favoured by the presence of flower 

buds and by sunshine. 

In Texas, Siosser et al. (1998) monitored the abiotic and biotic regulation of 

A. gossypii on 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 regulated by an interaction of abiotic and biotic factors but rate of aphid population 

decline was regulated by biotic factors. 

Chattopadhyay et al. (1996) studied the correlation of sensitivity of A. gOSSypil 

infestation on cotton to meteorologic~l parameters at Akoia, Maharashtra.. They found 

that dcmdUwss played an imp<3rtant mk in the aphid pcpulation d\IIing the fmt 
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generation. When cotton was in elongation stage, a drop in the mean temperature to 

below 2SoC could cause a sharp increase in the aphid population. Ifther<.: were substantial 

increases in minimum temperature and relative humidity and an appredable decrease in 

sunshine bours with occasional rain, aphid infestation was observed at high levels in 

these days. Rainfall was found to be the predominant variable controlling the aphid 

population in the ball formation stage. 

Effect of meteorological parameters on aphid population has been demonstrated 

by several workers in the past (Gutierrez, 1987; Liu, 1986; Debaraj, el al., 1996 on Aphis 

gaccivora Koch, Aphisfabae Scop. and Brevicoryne brassieae L, respectively. 

Hirano (1985) studied the population dynamics of a phytophagous lady-beetle 

Henwepilachna vigintioctopunclata (F.) in Japan, that includes 17 patches of bas! plants. 

Overwintered adults appeared in potato fields and began to oviposit in May. The first 

fi!IiI!llIlion 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 

erops, but oviposiled mainly on brinjal crop. The second generation adults emerged late 

in July or early August and moved to overwintering sites without oviposition. The higher 

the adult 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 plant increased. Ibis density dependence was not caused by starvation. The patchy 

nature of the farmland habitats seemed to have some effect in stabilizing population 

numbers. 
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A study of seasonal abundance of H. viginlioc/opunclala on SOme solanaceous 

bost plants in Punjab by Ramzan e/ al (1990) revealed that the highest nwnber of the 

pest were fOlUld on Solanum xanthocarpum, reaching a maximum of 526.3 per ten plants 

in March. 

Peak larval and adult populations of H vigin/iQclopunctala on brinj3l in Tamil 

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

and Lakshm'tnAn (1980) 

Nakamura el af. (1988) studied the seasonal population fluctuation of 

H wgmliQClOpUnClala on brinjal in Sumatra. They observed that after planting of brinjal 

, 
crop in the field, adult coccinellids soon colonized and oviposited profusely resulting in 

rapid population growth for I to 2 months, thereafter the population increase was slowed 

down due to defoliation. Three to 4 months later, the plants came to fresh flushing but 

leaf quality was less suitable for the coccinellids and as a result, the population remained 

low during the rest of the period. Adul! population size fluctuated 7 to 8 folds during the 

study period. A life table showed that parasitism and starvation by overcrowding were the 

key mortality factors for the immature stages. 

Takeda el 0/. (1980) studied the seasonal population of H IIigintioclOpunclala on 

brinjal in Kakamigahara, 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 population declined towards the end of the 

second generation. 
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In Assam, the only report of seasonal occurrence and population dynamics of a 

phytophagous coccinellid, Henosepilachna dodecasligma Wied on soybean was made by 

Devi (1988). She found that this pest was maximum in their number on May SOwn crop 

futlQwed by February and November sown empg. Both temperarure md relative humidity 

exhibited significant positive correlation with the populations in February and May sown 

crops. Significant positive correlation also existed with rainfall in February and 

November sown crops and with bright sunshine hours in May so'WII crop. 

m two separate experiments on the population dynamics of H. vigimioclOpunclala 

under field conditions and seminatural as well as laboratory conditions in Japan, 

Nakamurll (197611analysed tile key regulatory mechanisms thai governed the population 

density of the pest.ln field studies, he found that adults of the first generation emerged in 

late June or early July. During this period, eBg mortality was 27 per cent and was 

attributable mainly to physiologi~al causes and cannibalism by larvae, while larvlll 

mortality was due to starvation. After harvesting of potato, so many adults dispersed to 

brinjal plant and other solanaceous crops that there was a severe shortage of food 

resulting in dispersal and reduction in fecWldity. Some density dependant mechanisms 

such as the regulation of fecWldlty, egg cannibalism, competition for food among the 

larvae and adult dispersal played an important role in the population dynamics. 

Nakamura (loc. cit.) also fO\llld that the number of eggs laid per female in semi-natural 

condition decreased and the egg cannibalism by adults increased with increasing parental 

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

governing variations in total survival rales. 

Ve.eravel and Baskaran (1994) reported that interspecific competition betweetl 

A. gossypii and H. vigintiQC/opunctola and intraspecific competition among aphids 

existed in brinjal ecosystem. They found that aphids Were able to eliminate the 

coccinellids from plants within about 4 to 8 weeks. Significant intraspecific competition 

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

2.2. Natural enemies 

Predators, parasitoids and pathogens are important biological agents that play ~ 

vital role in the maintenance of delicate ecological balance in their OVffi environment by 

regulating the prey density ill nature. These agents contributes dynamism to the prey 

population trend. 

V~ugl)p<\l et al. (1917) cOOervw. \luee diffell~nt ~ of coccineUid pledalOTs 

predating On the natural population of A. gossypii on bhendi. These were identified as 

Menachil1JS sexmacula/UJ (Fob.). Caccinella seplempunclala Linn. and C. repanda 

Thunb. Ollt of these predato~, the first one was predominant over the aphid population. 

There was a positive correlation between predator and prey populations. 

Rao el al. (1997) studied the biology of two coccinellid predators VIZ., 

M. sexmaculatus and Micraspis vincra on three species of aphids viz., Aphis craccivora 

Koch, Lipaphis erysimi (Kltb.) and A. gossypii on different crops. They found marked 

differences in growth and development of predators in different host;md food plants. 
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According; to Sugiura and Takeda (1998), A_ cracciVOTa is the most preferred food 

for M sexmaculalus (Chef/omenes seJ;maculalus F.) than A, gossypjj, In their studies 

carried OUl in Japan, they (oood that the mean development o(the predator from hatching 

tD adult eclosiol1 was significantly shorter in A, craccivora (18.0 days) than in A, gossypli 

(10.1 1020.9 days). 

In As,am, Sahari~ (1985) recorded three coccinellid predators of aphids on 

\:ninja\. These llIe C repandQ, C. septempUnClCJ1a and M. sexmaclI!arus. 

In a study on population ecology of A. aaccivora on green gram in Assam, 

6'MIn<m {l992) obs.erved &ix species of cQCcine\lid preda\OTI; of the aphid, ilic important 

ones being C repanoo and Mlcraspis discolor (Fab.) with predatory efficiencies of 48,27 

per cent and 32.80 per cent, respectively. 

From Bangladesh, Haque and Islam (1982) reported that single pair of 

M. sermaculalus conswncd 24.0 to 66.3 ownbers of A. gossypii per day 00 chilli. 

In Manipur, Dev! and Singh (1997) recove(ed five species of syrphid predators 

from population of M. persicoe, L. erysimi and Brevicoryne brass/cae Linn. on knolkhol. 

Those are Episyrphus balleo/us DeOaer, lschiodon sculel/aris Fabr., Sphaerophona 

indiana Big., Melasyrphus con/rarer Wied and Betasyrphus seranus Weid. A significant 

positive com:lation existed between the population of syrphid predators and M persicae. 

Shi (1982) from Shanghai, reported the hymenopterous parasite complex of 

A. gos'ypii in cotton field. He recorded two peaks of parasitism by aphidiid, one in 

~cond half of June and the other between 20th to 30th August. BinodoXJ's (Trioxys) 

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

(Hald.) and A. abdomina/is (Dalm) were occasionally present. 

Dhiman and Kwruu: (1983) reported the brachoniid parasitoid Dmereliella mpae 

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

on brinjal crop. 

Palaniswami and Pillai (1980) recovered three specIes of hymenopteran 

parasitoids belonging to family Aphelinidae that parasitized A, gOSSypI; On taro and 

tannia. They Were Aphelmus mali (Hald.), Coccophagus cowperi Giv. and Aphidencyr/us 

aphidivorus (Mayr.). 

Palaniswami and Pilla; (1981) recorded M_ sexmacu/alus, M. discolor and 

M. vine/a predating aphids on edible aroids, whereas Slelhorus gJ/vifrons Muls. was 

observed to feed both on the mites and aphids. The mean aphid consumption per day by 

the grub of M sexmacu/a/us ranged from 15 - 18, while it was 10 - 18 in case of 

M. discolor. 

Atakan and Oz:gur (\996) studied the fluctuation of natural enemies in the cotion 

field infested by A_ craccivora and A_ gossypii in Turkey. They fOWld that 

C seplempunclala preyed specifically on the aphid, whereas population of Chrysoperla 

carnea, Aphidoleles aphidimyza and Deraecori:i pallens depended on aphid poplliation_ 

Aphid parasitoids Lysiphlebus fabarum and L. confosum were fOWld in high oumbers 

during preliminary infestation by aphids. 

From Megbalaya, Stary and Ghosh (1978) recorded two aphidiid parasitoids viz., 

Aphidius colemani Vier and Ephedrus plagiator (Nees) in Aphis gossypii. 
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hi Pakistan, Chrysopa carnea Stephens larva could consume on an average 487,2 

nwnbers of A. gossypii during its developmental stages (Ahal and Khan, 1978). 

In Assam, Kalita el al. (1996) worked on biocontrol of A. gossypi, on brinjal by 

iJeauveria bassiana (Bals.) Yuill. They recorded 15.91 per cent natuml infection of the 

aphid during the last week of December. 

Sheila and Abraham (1981) reported a pentatomid predator, Canlheconidea 

furellata (Wolf.) preying on larvae and pupae of H Vlg,nlioclopu"ctala on egg plant in 

Kerala. A single nymph or an adult consumed on an average 19 or 16 larvae or pupae per 

day, respectively. 

Saharia (1990) mentioned thai praying mantid, Mantis religiosa and SOme banded 

wasps were predators of many different species of coccinellids. 

In a study on population dynamics of H vigilllioctopunctaia on brinjal in 

Sumatra, Nakamura e/ 0.1. (1988) recorded two species of TetriIStichu< paraSitizing the 

eggs and Pediobius foveola/us Craw, parasitizing the pupae. Four spedes of coccincllids 

were also reported as possible predators of the beetle. 

Rajendran and Gopalan (1997) examined the potentiality of the eulophid parasite, 

P. foveola/us on the grubs of H. viginlioc/opunclala in brinjal crop. They recorded 

llU1Ximum parasitization of 49.5 per cent in August, 49.1 per cent in November and 47.1 

per cent in Seplember. 

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

development of P. foveola/us from egg to adult was 10 10 16.5 days on 
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H. viginUoc/opunclofa infesting brinjal under laboratory condition, with 11.0 to 22.6 

parasitoids emerging per host. 

Abbas and Nakamura (1985) studied the life table of an epilachna beetle feeding 

on bitter cucwnber in Sumatra. The study indicated that egg mortality of the beetle to the 

tune of 41.1 to 64.2 per cent was attributed to Terraslichus sp. Another species of 

Tetras/jehu:; along with P. foveola/us killed 1.2 10 19.4 per cent of 4th instar larvae, and 

P./oveojalus alone killed uplo 59.1 per cenl of pupae. 

Toquebaye and Marchand (1984) recorded the presence of a naturally occurring 

microsporidiosis in the cucurbit coccinellid, Henosepilachna elaterii (Rossi) in Africa. It 

was Nosema henosepilachnae fOWld in eggs, larvae and adults, but it did not kill the host 

immediately. 

Beevi and Jacob (1982) studied the relative susceptibility of slag\l~ of 

H vigimioclOpunclQfa to infection by Fusarium moniliformae var. subglUlinans. They 

found that third and fourth instar larvae Were more susceptible to the fungus suffering 

100 per cent mortality after 5 days of inoculation. The mortality of first and second instar 

were 96.7 per cent and 90.7 per cent, respectively, while pupae exhibited 80.0 per cent 

and adult 76.7 per cent mortality. 

2.3. Distribution pattern 

The study of distribution pattern is a pre-requisite for understanding the 

population behaviour of a species. According to Taylor (1961). the spatial distribution 

pattern adopted by an insect is an intrinsic property of the species and an important aspect 

of its structure. The distribution behaviour of an insect affects the precision of sampling, 
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method of analysing data and investigations on the dynamics of peS! populations when 

changes in size are considered. Study of distribution pattern 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 suitable 

transformation of data to stabilize variances and to develop sound sampling plans needed 

for formulating successful pest management strategies. 

Denechere (1981) observed the disiriblllion of A. gossypii on cotton plant, the 

relationship between the per cent of plants Or leaves infested and the actual counted 

population, and the variability of aphid numbers from plant to plant, led to the conclusion 

that sampling can be limited to the 6 upper leaves although aphid is found mainly On the 

lower part of the plant. He found that the population of A, gOlisypii 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 fimction of the mean. 

Trumble el al_ (1983) reported that spatial distribution of A_ gossypii infesting 

winter strawberries in coastal California were initially overdispersed but became random 

as population increased, as indicated by results of Green's (1966) coefficient C, and 

patchiness index. Distribution remains random after population collapse, suggesting that 

density-independent factors suppressed them. Iwao's regression gave similar results when 

populations were temporarily stratified. 

The spatial distribution of egg masses and larvae of the coccinellid, 

H vigintioclopunclolo was studied on brinjal from February, 1979 to December, 1980 by 

Suman el ai, (1987). They found that egg masses were distributed randomly with a 
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tendency towards aggregation at bigh densities. The larval lUld pupal population bad 

aggregated distribution. A good fit to th~ binomial distribution was obtained from tbe 

larvae and pupae. 

Edelson (J986) studied the distribution pattern of different insect pests including 

A. gossypii on cantaloupe in Texa~. He found that aphids were most abundant On basal 

part of vines. He also evaluated sampling techniques for each species using relative 

variation and suggested that precision could be incre~sed by reducing the area sampled 

and increasing the number of sample~. 

Singh el al. (1990) reported that the spatial distribution of A. gossypj, was 

aggregated at the end of the season in apterous aphids on upland cotton in PWljab during 

July to September. Environmental heterogeneity at low population in July, and innate 

behaviour al high population were responsible for the aggregated dispersion of the 

~I:.ies. 

Nath and Nag (1996) studied the spatial distribution pattern of the aphid, 

A. cra<Xlvoro Koch on french bean cultivar.;, viz., HUR-15 and VL-63 in Varanasi. They 

fOWld that the variance/mean ratio was les!i<'.r than unity indicating n:gulaI pattern cf 

aphid population distribution. The binomial model did not confirm this but the three 

approoches for generalised system of frequency curve showed that the aphid population 

was regularly distributed in both the cultivars of french bean. 

Barman and Durta (1997) from Assam reported that the alatae and apterae of 

Aphis craccivoro Koch dispelsed io a regular pattern in green gWrn crop. These two adult 

forms of the aphid showed a tendency of clumping at higher population densities. Mean 
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dIJmp size indicated that environmental heterogeneity in the crop habitat and active 

.... viour oflbe IIpterae were the causes of clwnping. 

Zhang et ai. (1998) develop~ the binomial count analysis based on the spalial 

distribution and population density estimation of A_ gossypii on cotton seedlings in China 

during 1991. Data consisting of24 estimates of mean aphid density (m), variance (s") and 

lbc proportion of plants (PT) with no more than T aphids was obtained. Taylor's power 

law fitted the data well (r = 0.958) with the resulting slope (1.515) significantly greater 

1blm 1, which indicated that spatial distribution of the aphid was aggregated. Small T 

values, particularly aphid free plants, could lead to spurious estimates of m from PT. 

A value ofT from 10 to 15 was recommended to develop binomial sampling plans for 

aphids on cotton seedlings because of relatively small sampling errors. 

ADU-Gyamfi and Morimoto (1997) studied the effect of spatial distribution on 

mortality of the immatures and associated predators of the epilaclma beetle, 

H. vigintlOctopunctata. They found that the mortality of the beetle was higher in the 

uniform distribution than with the chunped one. This mortality was because of the 

dominant predators. Since predation was the major mortality factor, and this was 

contingent on prey distribotion, predation probably acted with varying intensities in the 

plots supporting the two different spatial distribution patterns. 

Burgio e/ al. (1994) observed that the spatial di,tribotion pattern of A. gossypii on 

a.mel grown cucwnber and melon in Italy, showed aggregate pattern distribution of the 

aphid and to the rapid development of infestation in the field. The aggregation index was 

DOl. significantly different between years of study or sites and between crops. 
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In Columbia, spatial distributioll pattern of A. g<Jssypii on COllOll WaS aggregated. 

This spatial distribution was interacted by natural enemies (Vergara and Galeano, 1994). 

2.4. Plaut resistance 

Resistance of a plant to insects as defined by Painter (J951} h the "relative 

amount ofherilable qualities possessed by the plant which influences the ultimate degree 

of damage done by the insect". He stated that the inherent qualities were specific 10 the 

variety, which imply existence of a resistance mechanism in the plant. He recognized 

three inter-related bases or mechanisms of the phenomena (If resistance, viz., nOIl­

preference (lIJItixe1Ioois), antibiosis and tolerance. One or more of which is frequently 

operating in resistant varieties. A perusal of relevant literalme reveals thai the plant 

varieties exhibited varying degree of resistance or susceptibility 10 the insect attack. Plant 

resistance is the most economical and ecologically safe mcthod of pest management. It 

avoid$ all hazards associated with the chemical control measures. 

2.4.1. Resistau~e based ()n the popuCation pressure and plaur injury 

Ganga and Nagappan (1983) reported the monthly feeding budgets of 

H. wgrntioclOpunc/ata on two cultivated and two wild solanaceous plants. Rates of 

fcedmg and lIlisimijatio}l by the beetle on Solanum me/ongena L. are the highest, 

followed by Daturafasluosa L., Lycopersicon esculentum Mill. and Physalis mmima L., 

whereas highest conversion rate was achieved by feeding on P. n,inima. 

Mote (1978) screened 48 brinjal varieties for their resistance to jassid, Amrasca 

biguttula Ishida under field conditions. On the basis of insect population, H-4, Round 

Green, DorCy, Aushey, Long Purple, PU5~ Purple ROWld, A-61, ]tID1bJimulayam, White 



25 

Green, Manjurigol3, Round White, Black Beauty, Round Purple, American Black 

Beauty, 6-14 and Banaras Giant showed less number of jassid nymphs as compared to 

others; whereas White Kalyanpur T2, Round Gre~n, 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 ofbrinjal at Madurai to locate 

resistance to H. viginlioclopunClata based On visual feeding scare. Among the I'arleties, 

minImum damage to the leaf was noticed in Arkashirish, which was at par with 

seventeen other varieties. This variety was closely followed by Hissar Selection 1-4, 

Shankar Vijay, Pusa Kranli, Pusa Purple Cluster and Arka Navneeth. The maximum leaf 

damage was recorded on the variety, Punjab Chemkib. Pusa Purple Round, Pusa Purple 

Long, BR-112, S.M. 311 and A-61 are also highly susceptible to the attack of this beetle. 

Sambandam e/ al. (1974, 1976) tested 114 brinjal varieties including wild 

Solanum spp. for resistance to H. vigintrocfOpuncla/a. Out of which, Apple Green Flesh 

and Pusa Purple Round were found to be moderately resistant and S. fOrum was highly 

resistant to feeding of this beetle. 

In Assam, fs.abaque and Chaudhuri (!984) tested ten varieties of brinjaJ for 

resistance to shoot and fruit borer, Leucinodes orbonali.< Guen. They found that 'Bho!a 

Bcngena' was the most SllSceptible and 'Kuchia' was the least susceptible to the borer. 

Other less susceptible varieties which was 01 par with the variety 'Kuchia' are "Nal 

Bengena", Pusa Purple Cluster and ''Chagolisingia''. 
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Reddy and Biradar (1990) evaluated six varieties of brinjal viz., MDU" Eretlg~ru, 

CO" Annamalai, Panruti Local and Kengeri for their relative resist.ance to the aphid, 

A_ gos.<yp,i LInder pot culture conditions. Aphid population build-up assessed al weekly 

intervals indicated that amongst the six varieties screened, Panruti Local WaS the moSI 

resistant (av. 10.16 aphidsfleafin 19&6_87 and 8,60 aphids!leafin 1987) dud Erengere 

was found 10 be the most susceptible (69.24 and 65.88) followed by MDU, (47.09 and 

49.45), Kengeri 01.02 and 31.14), Annamalai (20.18 and 19.80) and CO, (\3.65 and 

14.79). 

Jyani e/ ul_ (1995) screened brinjal varieties for their resistance to different insect 

pests and diseases. Varieties such as Chaklasi Doli, Doli·5 and Pusa Purple Cluster 

showed resistance to some extent. But none of the varieties showed re,i5tance to 

A. gossypii. 

Prasad (1983) identified resistance in pJants, vi::., yellow sarson (29 cultivlIl"s), 

brown sarson (30 cultivars) and rai (40 cultivar,) against mustard aphid, Lipaphis erySlmi 

(Kalt.) by comparing mean aphid infestation index. Yellow sarson cultlvar, lB-417 and 

brown sarson cultiva!", T-22 were less susceptible, while ral cultivar, IB-680 was least 

susceptible to aphid infestation. 

The relative performance of 83 Brassica germplasms against mustard aphid, 

Lipaphis erysimi (Kalt.) infestation was screened based on aphid infestation index (0 - 5 

rating scale). The screening revealed that two germplasms, viz., B-85 glossy and RW­

White Glossy were graded as highly resistant, 13 germplasms as resistant and 21 as 
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moderately resistant; whereas 42 were susceptible and 5 germplasms as highly 

susceptible (Lal el 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 viginlioctopunclata. Amongst the hybrids, EP 24 x 65 alone was moderately resistant. 

All the wild accessions were resistant except S. macrocarpum (BE-046IEPI54), which 

was moderately resistant. Among the 78 cultivable accessions screened, none was 

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

In another experiment, Rajendran and Gopalan (1998) screened 103 brinjal 
• 

cultivars against H vigintioctopunclata, 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 Wlder 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. macrocarpum, 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 Wlder caged studies ranged 

from 0.52 - 0.68 cm2
. 

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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IiII::ralure p<:rtaining to laboratory screening of the concerned species or closely related 

species were reviewed for drawing conclusions_ 

Phukon (1976) studied the effect of differcnl solanaceous host plants viz, potato, 

night shade and brinjaJ on the development of H. "igintioctop.mCfata in Assam. He fOllna 

lbat larval and pupal duration lasted longer on brinjal i.e., 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 (4.84 days) was shortest. Adult lived 36.6 days on brinjal and 

60.6 days on night shade was the longest. FCCWldity was morc in beetles fed on night 

shade (326.0 egg) and leasl on brinjal (134.66 eggs). 

Borah (1977) studied the effect of food plants on larval and post larval 

development of H. vigintioclOpuTlctala in 10 different cucurbitaceous crops in Assam. He 

feeOrded that grubs and adults preferred leaves of sweet gourd (Momordica 

cochinchinensis Spreng) and it was the most preferred host as indicated by short larval 

dwation (ll.7 days) ami sIw>1er development pt'Ti(ld (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 area consumption per grub or adult per 48 hours by a single 

choice host tests measured 26.24 sq. cm and 27.55 sq. cm on sweet gourd, respectively, 

was the maximum. However, the leaf area consumption of the beetle according to Imura 
, 

-' Ninomiya (1998) on a weed Solanum carolinense was 1429.5 mml, consumed by a 

IIna during its entire developmental period and 2510.9 nunl by an adult during first 10 

days ofilS emergence. Whereas Phukan (/976) recorded leaf area consumption by a grub 

and an adult of the beetle to be 6.69 sq. cm and 6.25 sq. cm per day, respectively. 
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Microscopic examination of stylets and sheaths and probing behaviour of the 

melon aphid. A. gas~ypii on resistant and susceptible musk melon, Cucumis mela L. 

revealed pronoWlced 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 pIants~ a 

significantly greater percentage of the probes led to the stylet contact with the phloem 

sieve cells, but a smal1er 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 susceptible than on resistant plants (Kennedy et al., } 978). 

Kennedy and Kishaba (1977) conducted a series of experiments to characterise 

responses 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 Wlcaged 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. vigintioclOpunctala 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 leavest 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 aU 

the plant tested, larvae failed to develop on S. pubescens only. The average life span was 

greatest on S. 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. xanthocarpum but lowest on D. fastuosa. More number 

of males than females emerged on S. khasianum, while On S. meiongena, females 

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

1: 1 on squash. 

According to Vasantha et 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 aU the preferred food 

plants. Third instar larvae, which were of small size and often died before reaching the 4th 

instar. 

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

Mexican bean beetle, Eptlachna varivestis MuL, Rufener et al. (1987) found that larvae 
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~loping on susceptible lines like Beeson, Sprite and Williams were visually larger, 

mon: active, hBd consumed larger amounts of leaf materials, had faslcr rale of 

development and low mortality rates than larvae exposed to the more resistant Jines, such 

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

Ramzan el al. (1990) reponed thaI H. vigimioclOpunclala completed its life-cycle 

IlIOn:: quickly on Solanum nigrum (22.4 days) as compared to other solanaceous host 

plants tested, although field population was highest on S, xamhocarpum at the ,ame time 

during March. 

Ekukote {l.'>'>Oj tested fue effe<;\'i> <.>f UO'i.! plants, V1Z., okra, cotton, melw, 

groundnut on the fecundity of A. gossyp/i in laboratory at 25~C, LD 12: 12 and 55 per cent 

relative humidity. He found thai fecundity was higher on okra and cotton, which 

ICgistered 5.16 and 4.76 nymphs per aphid per day, respectively_ 

Folcia e/ al_ (1996) studied the comparative development of 

H. viginlioctopunclala on brinjal, Solanum bonariense and tomato in laboratory at 25°C. 

According to him, brinjal was the most preferred food, where larval and pupal stages 

bsted 24.4.:!: 4.52 days and 4.7.:!: 0.826 clays, respectively. 

Klingler e/ 01_ (1998) studied the effect of resistant musk melon, Cucumis mela 

line AR-5 on feeding behaviour and performance of A. gossypii. He showed that 

resistance is expressed within the plant rather than on its surface, because the time to first 

illylct penetration was not significantly different between AR-5 and closely related 

susceptible breeding lines PMR-5. Significant behavioural differences were obseIVed 

only after stylets contacted phloem sieve elements. On AR-5, duration of saJiw.tion after 
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phloem sap ingestion was significantly reduced. Monitoring of two genotypes showe<! 

that aphid feeding was delayed and greatly reduced on the resistant genotype. 

Comparison of aphids life history, population development hetween host plaot genotypes 

showed that the effects of resistance acted throughout aphid development and highly 

effective in slowing down population increase. 

LS. Res.isillDfe mefhanism 

Insects are noticeably reluctant to coloniu: on some individual plants or 00 some 

particular strain of h05t plant and these plants seem to be less attractive to the pest by 

virtue of their texture, colour, odour or taste. This mechanisms of te5i5tance offered by 

such plants includes an array of physical and chemical characteristics that interferes with 

locomotion, feeding, ingesticm, mating and oviposition of insects (Norris and Kngan, 

1980). Physical or non-preference based mechanism usually is revealed when the insect 

refuses to feed, refrains from laying e8&s, or less acceptable to plant colours etc. 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 the plant, which effectively repel fee<!ing or, sometimes to the extent that the 

odour is sufficient to completely deter insects from feeding. 

Details of plant resistance mechanism in brinjal crop against A. gossypii and 

H. vigintioctopuncta/a are not sufficiently available in the available literature. Therefore, 



33 

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 Ngrth America was attacked significantly less often by the 

cereal leaf beetle, Oulema melanoptlS. 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 leafhoppers Amrasca biguttula 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 

et al., 1977). 

Kale et al. (1986) showed the varietal resistance of 32 cultivated varieties of 

Solanum melongena and 4 wild types 'viz" S incanum, 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 (J976) studica resistance of brinjal plant' in comparison with other 

solanaceous bos! plants, viz., potato and night shade against H viginliocfop!l.ncta/a. 

Resi.tanc.: was b;:\ieved to be associated with higher leaf pilosity of 67,70 pcr 9 sq. mm 

in brinjaJ agaimt 4.90 and 39.6 in potato ami night Shade, respectively. 

According to Levin \l9")), the density and length of trichome branches in SOme 

plants were negatively correlated with insect ""rvi"",L 

Reddy e! ill. \ \986) reported fuat h~irines, On the ventral surface of leaf coupled 

wilh leaf thickness i~ responsible f()[ imparting resistatw.e against wbitefly (Bemisi<l 

{abaci G.l. 

Gilbert (197l1 reported that h.ooked tricl\Q\tles Qn leaves trapped small insects and 

the insects died of starvation and dessication, 

Dariev e/ 0/, (1979) found that the Ic~s infestation of A. gassyp'; QIl cmtGn was 

due to leaves which had large numbers of glandules, hairs and mesophyl! cells. Cotton 

leaws with 100 hairs per sq. nun completely prevented movements of insects. Wang 

(1983) also suggested that these aphids show non-preference on pubescent cotton variety 

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

According 10 Negrn et at. (1980), the leaf hair density played a minor role in 

limiting the aphid population, whicb conceded 5.8 per cent reduction in population of 

Aphis CraCClvora Koch on cowpea. 

Pierce (1983) reported that some lines of lucerne having ereCI and glandular hairs 

OIl the stem that fights otipests such ~s spider mites, aphids and alfalfa seed cMlcids. 
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In a study on varietal sllsceptibility of ten brinjal varieties to jassid, Amrasca 

biguflula biguuulu Ishida, Mote (1982) identified mechanisms of resistance being density 

and length 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 mill) and Kalyanpur T j (57.0 per 

sq. mm and 0.096 mm). The number of eggs laid was larger on varieties such as Pusa 

Krallti, Puga Purple Long, Kalyanpur Tl and Black Beauty with leaf hair density 32.0, 

30.0,27.0 and 29.0 per sq. mm, respectively_ 

In a field study, Jsahaquc and Chaudhuri (1984) evaluated comparative 

susceptibility of to varieties Qf btinjal plants to shoot and fruit borer, L. orbonalis in 

Assam. They showed that local varicty 'Bhola Bcngena' to be the most susceptible and 

'Kuchia', another local variety to be the leas! susceptible to the pest. Varieties having 

round, oblong and oval fruits, broad leaves, thinly placed hairs on top internodes, less 

lignified, less compact hypodermal sderenchyma with narrow and less compact vascular 

bundles were found to be more susceptible. 

h1 Uganda, Stride (1969) showed that cotton Iygus bugs, Taylorilygus vwseleri 

Popp. was less responsive to some ted coloured varieties of cotton for feeding rather than 

the usual green plants. 

Herrera and Muniz (1979) studied the responses of Epilachna variveslis Muls. to 

ooloured surfaces in the laboratory. Coloured cards offered to the overwintering 

generation adult beetles preferred black over all other tones and colours. The second 

choice was red, followed by yellow, coffee, green, blue, grey and white in the order, 

while the third choice was yellow, followed by coflee, grey, green, bluc and white. In 
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tests with the post-ove.wintering generation (the first generation), black was again the 

most preferred followed by red. Preliminary field studies indicated that adults were 

attracted to yellow and white. 

Pathak (1961) reported thaI the colour of the leaf might be a possible factor or 

index for aphid resistance. He observed that light pale coloured leaves of Brnmca 

campeslris were more susceptible to the aphid attack than the varieties with dark 

coloured leaves. 

Ilse (1937) showed that Pieris iJrassicae (Linn) butterflies were attracted to green 

and blue go:eu substratt:s where they OJuLd di¢lay a pre-ovipositiollill benav;'oill. Yellow 

substrate did not release such behaviour. 

Devi (1991) observed that light green ooloured leaves Qf <:abbage and ca'-llifhwer 

harboured higher larval population of Pieris canidia_ 

2.5.2. Antibiosi~ based resistance m.e~h9ni~m 

McGarr (1942) indicated that increm;ed level of nitrogen accounted for 

susceptibility of cotton to cotton aphid, A_ gossypil. 

It is thought that in some resistant plants, the pest suffers nutritional deficiencies, 

resulting from the absence of certain essential amino acids (Hill, t983)_ According to 

Davis (1972), for proper protein nutrition, insects require the ,orrunon 10 amino acids 

although quantitative requirement may vary to some degree. 

Edward and Wratten (I980) stated that reduced water supply acts indirectly on 

insects by changing the nitrogen balance in plants. 
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ShVl::($Q1'8 w·"j Alibckova (1984) studied the effect of the protein complex <:If 

CIOItOIl OIl the activity of digestive enzymes of the cotton aphid, A. gvssypii il! USSR. 

1'hey showt:d that protein heterogeneity, proteinase activity and the crude protein content 

C(Ju/d be used 113 on>; of !he criteria for determining the resistance of cotton varieties \0 

51,1Cking pests. 

According H:> BlIJlerjec and Raychaudhuri (1987), brinjalleave$ of varied maturity 

showed remarkable variations in respect to the reterItioll of nutrient contellis therein, The 

eonlenls also varied along with the increase of plant age. Amongst the nutrient content of 

zm, kaves, nilrogw level $howed a significant positive correlation with the reproductive 

potential of A. gossypii leading to !he population outbreak 

Ganga and Nagappan (1983) presented the monthly feeding budae!s of 

H. viginUoclopunc/ala on tw() wild and a few cultivated solanaceous pll!1lls. Rates of 

feeding, assimilation and conversion by the beetle on brinjal are 1.789, 1.1661 and 

1).018..5 mgldayJg fresh weight, on Lycopersicrm escu/enlum 0.3205, 0.3125 and 0.0199 

mgldaylg fresh weight. on lhlwa fosluosa 0.8746, 0.8659 .wd 0.0217 mg/day)!: fresb 

wei~t and on Physalis minima, 0.2378, 0.2326 and 0.0481 mglday/g fresh weight, 

respectively. The assimilation effIciency was above 98 per cent on ali the four plants. The 

highest !:ate of feeding and aS3imiiation by the beetle on brinjaJ was due to )Iigher COJllt'Jlt 

of protein. There wa~ a positive c(lrrelation between protein content ofleafwith ingestion 

I!1Id usimilalion. 

Panda and Das (197S) investigated the preferential antibiosis in shoots and fruits 

of resistant aJJd susceptible brinjal varieties and its adverse effects on various phases of 
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life history of Leucmmks orbono/is Guen, 1be survival of larvae, gro1.\lth index and 

pupal period were significantly less in resistant varieties than in susceptible oneS. The sex 

rafro and fecundity ofID(ltru; Were also significantly reduced in resistant varieties. Among 

the chemicals, higher silica and crude fibre in the shools of resistant varieties helped to 

check the borer damage. The susceptible brinjal varieties bad high total sugar content and 

two essential amino acids. The sugar and amino a~ids acted as feeding stimulants in 

susceptible varieties. 

From a study \0 evaluate mechanism of resistance in egg plants and certain wild 

So/anum species to H. vigin(ioClOpunClafa, Sambandam e/ ai, (1976) conduded that 

preferential feeding and antibiosis were the main factors affecting resistance. They found 

that susceptible accessions bad the highest total of amino nitrogen, amino acids, starch, 

crude fibre and potassium contents, whereas the moderately or highly resistant accessions 

had the higher reducing and Mn-reducing sugars, chlorophyll, phosphorus and lolal 

phenol contents. 

Flick e/ CI/. (1978) examined and compared the biochemical compositions of 

purple, green and white varieties of egg plant as a nutritionally favoured food while egg 

plants contained the greatest amount of solids and green the lowest. Crude protein was 

only slightly higher in purple and green egg plants than in white but b<.Jth the green and 

white varieties contained more ash than did the purple. Crude fibre content was similar in 

both'the purple and green egg plants, whereas the white variety contained almost twice as 

much. Among the trace elements, potassium was highest in the green and lowest in the 

purple 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 thai purple egg planl varieties were the most 

favoured food from the lIutritional point of view. 

Phukan (1976) studied the effelOt ofbos! plants viz., potato, night shad.., and brinjal 

on the development of H. vigintioclOpunclala under laboratory condition 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 total soluble sugars (0.7-

1.5 per cent) than the less susceptible brinjal culiivar" which had 18.6 and 1.70 per cent 

crude protein and lotal soluble sugar, ",spectively. 

Negm e/ al. (1980) opined the total carbohydrate and soluble sugars were the key 

factors limiting the A_ CrOCCIVora population on cO\>''Pea as it affected 68.99 per cent of 

the population changes. They expressed that amino acids played a minor role as it 

brought about a mere 5.8 per cent of the changes. Only total carbohydrate, soluble Sllgars 

and Ca·' played significant roles in apbids mortality. 

In Assam, studies by Isahaque and Cbaudhuri (1984) on comparative 

susceptibility often varieties of egg plants to shoot and fruit borer, L. orbonalis revealed 

that the high amoWlt of sugars and proteins were more susceptible. Local variety 'Bhola 

Bengena' was the 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 IOtal sugars, respectively. 

Kale ef 0/. (1986) screened out 32 cultivated varieties and four wild types of 

brinjal for their resistance to shoot and fruit borer, L. orhonalis. They fOood all wild types 

10 be immune, eight and three eultivars to be highly resistant on the basis of shoot 
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infestation and fruit infestatk'll, respectively_ Biochemical compositions in relation to 

JI$islance revealed that moisture, crude protein and ascorbic acid contents of the shoot 

were not associated with the resistance, whereas, immune wild types and highly resistant 

varieties had a combination of high silica and high crude fibre contents and 

oomparatively less ash and crude fat contents in the shoots than others. 

Of the eight varieties of egg plant screened for resistance tQ 

H vigintiociopullclata, 'Punjab chenakate', SM-204 and SM-195 showed moderate 

resistance 10 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 - OA8 per cent), total carbohydrates 

(14.23 - 15.56 per cent) and phenols (OAO - 0.44 per cent) of !he host leaves were 

implicated with the moderate resistance ufvarieties tu the epilachna beetle (Raju e/ af_, 

1987). 

The role uf tannins in imparting plant re~istaJ.lce tu inse<;:t was described by 

lshaaya (198b). He also Slated that gruwth llthibition in insects by these cumpounm; are 

probably due tu cumplex interactiuns that include a lowered fuod intake, decreased 

activity of midgut enzymes and a reduced level of proteins and sugars in the 

haemolymph. 

Burah (1987) showed that tannin in chilli played an impnrtant role resistant tn 

PolyphagO/arsonemus la/us (Banks) and Scirlolhnps dnrsalis Hood. The study indicated 

that, the damage caused by the thrips and the mites were inversely proportinnal In the 

total tannin content of the plaJ:l.t. 



III 
:Maten"a[, and 'Metfiods 



CHAPTER III 

MATERIALS AND METHODS 

The studies on population ecology and varietal preterence 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 

iatitudc and 94"12' E longitude and at an altitude of 86.80 meters above mean sea level. 

rhe 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 III difterent experiments are presented 

hercWldcr. 
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3.1. Seasonal history and population dynamics of .1. gossypii and 

H. I'igintim:roplillctata 

Seasonal population trends and population dynamics of A gos!>ypi and 

}/ vigilllioctopullctata were studied on brinjal variety. Pusa Purple Long, in the 

experimental 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 I m lIP between plots. The seeds were SOWJl (3 September, 

1998 and 28 September, 1999) in a well prepared nursery bed (2m x I m) provided with 

temporary poly shade at the top. 1p.e seedling were transplanted (7 October, 199il and 4 

November, 1999) in different plots with a row to row spacing of 7S 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 interventlon. 

3.1.1 Sampling procedure 

Plant inspection method was used for sampling A. gossypli and 

Ii. vigintioctopunctata popUlations during the entire crop season. 

For sampling A. gossypii, 15 plants were randomly selected from 3 plots (5 from 

~ach plot). During the early crop growt)1 stage (UplO S leaf stage) the adults and the 

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. 



fm wmpling of H. viginlio,jopunclWu, 30 randomly seleclGd plants were taken 

ftom 3 plots (10 plant~ per plot), At the early stages of the crop the adult, larval alld the 

pupal populations as well as number of infested leaves W~re r~corded per plant ~amplcd_ 

During the latter stage~ of the crop, these records were taken from two branches of each 

plant sek~ted, 

Fur bOlil A_ gos,vpu and H. V!ginllOCIOPU"CtW<l, ,.~mples "',"~ \"\;.~!l a\ "'~"e\l.\y 

intervals slartmg from the day of their arpearance III the field, 

Weekly populations of A gassypil and H. v,gimioctopunctalG on hrinjal were 

subjected to time series analysis (Croxton and Cowden, 1964). The seawnal indices of 

populations for dIfferent fortnight oflhe crop season were computed, 

3.1.2 Meteorologic31 parameters and their association with A. gOSJJPi; and 

H. viginti(lClopunClal" IlQPulatWn~ 

Daily 'N~th"'I dllta, viz, \emj)l:ratlli'" \m3X\\11Urn and mllllmum). rebtive humidily 

(morning and evening), total rainfull, number of rainy days and hours of brighl sunshine 

for the elltire period of study were collected from Ihe ~ ldcorological Observatory or !h~ 

Depan"",nl of Mcteorology, Assam AgncullUn\\ Uniycr>it}, Jorha, (A?pendi" I and Jl), 

The relalionships between the meteorological laclnt, and rhe populatlon <kll.~it;e'_ or 

ibe&e pest> Were worked out by c»fTeiatlOn Jnaly"" (Stlcdecor and Cocnran, \%7), 

Pooled correlation co-efficient for the year 1998-99 and 1999-2ll00 "as cakulatcd 11)­

following the methods described by Gomez and Gomez 11984). 



J.l.3 Studies on natllral enemies 

Natural enemies of A. gMsypii and H. "'giniioClopuncUlla were recorded as and 

when observed 011 the selected plants while sampling population of these two pests. 

The pred;rtory coccinclli<.b of A. gos,ypii, were collected from the field and their 

predatory efficiency were studied (Saharia, 1981) Wider laboratory conditions. The adult 

predatory coccindlids colleded from the field were kept individually in glass chimneys 

(23 em x 7.5 em) wi~ lay (Clod fOl" 24 ""un.. These starved beetles were offered 10, 

20, 30, 40 and 50 numblm of A. gossypii individll7lUy ;n aepuate ebimnc)'fI, which Willi 

replicated thrice. The top open ends of the chinw.eys were covered WLth fme muslin doth, 

bdd tight with rubber band. The numbers of aphid consumed iII 24 hours were recorded. 

Pndatory efficiency was calculated as : 

PJcdatory efficierlcy (%) = 
Number of prey consumed 

Number of prey offered 
x 100 

Other predators of A. gossypii encountered in the field were also studied in the 

s.oe manner. 

Clusters uf suspected parasitized eggs of H. vigmliOClopUIIClata, collected from 

1IIe field on each sampling data were kept alongwith the substnlte in glass chimneys (23 

_ x 7.5 em) for emergence of pLllasililids. The cllimneys wcr-! \)I)'icred with mu:;\in doth 

.* open end. 

TCD parasitized larvae 0( H. vigintioclopunclata collected from the field were 

1'1*:«1 singly over a brilljal leaf of medium maturity, fixed at the top of a water filled 



glass tube (7.5cIII x 4.5cm) with a thmnoo::"ik. tu ~JlSur~ ~ad)I iupply of water 10 the leaf 

petiole, which lengthened the turgidity of th~ leaf Everyday, leaves were replae<:d by 

fresh leaves. AUIO such tubes were covered by chimneys fitted WIth muglin cloth IIllhe 

open end. ObservalioJlS were taken daily 10 record the emergence ofparasiloids. 

Ten parasitized pupae of H viginlivctopunctala collected from the field along 

with the substrate were kept singly over a filter paper inside a covered petridish (15 cm) 

WIder laboratory conditions. All !hI!' pupae werl!' observed daily for possible emergence of 

pacasilOids. 

The rel3lionships of extent of parasitizatIon and predator population density with 

pest population density were worked OUI by correlation studies (Snedecor and Cochran, 

1967). Pooled correlation co-efficients for the year 1998-99 lind 1999-2000 were 

,,;alculmed by 1"o\\o\\"iog the m<:thods given by Oom~z and Gomez (1984). 

J.1.3.1idenlificalion ohlatural enemies 

Field collected s~imen& of predators were dry preserved and parasitoids were 

wet pres~rved in 70% aiC(lhol. The coccineli.;l predator:; were identified in the Zoological 

Survey of India, Cal~utta, wh~reas the hymenopteran parasitoids were got identified [[(1m 

the Dc:partmell1 of7..oology, University of Cali cut, Kerala. 

3.2 Distribution pattern of A. gossypii and H. vigin,joctop"nctata 

Distribution patterns of A. gossypii and H. viginllOclopunclala were studied in the 

brinjal crop ured for studying the population d)"namics (described under section 3.1.) 
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3.2.1 Sampling methods 

Two plant inspection methods of sampling for both A. gossypii and 

H. vigintioctopunctata were adopted for ascertaining the distribution pattem 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)-l: Fifteen plants were selected randomly (5 plants from each plot) and in each 

plant two leave. IICb ...... IIJkIdII -' bottum strata of the canopy were taken as 

sampling unit. At the seedling stage of the crop (up to S leaf stage), whole plant wu 

taken as a Wlit. The nymphs and. adults of A. gossypii from each selected plant and 

sampling unit were counted. 

PI(A)~2: From 10 randomly selecte4 plants (at least 3 plants from each plot), three tender 

leaves. three medium leaves 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 cOWlted. 

3.2.1.2 Sampling method for H. vigintioctopunclala 

PJ(L)-l: From 30 randomly selected plants (10 plants from each plot)J two branches were 

selected. Before attaining two-branch stage, whole plant was selected as one sampling 
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_1. Number of leaves, number of infested leaves, number of grubs, pupae, adults and 

eggs of !he beetle per unit were counted. 

PI(L)- 2: From 20 randomly selected plants (at least 6 plants per plot), One branch from 

lOp. One from middle and One from bottom were taken as sampling unit. Before anaining 

Ihree branch stage, whole plant W~$ taken as one sampling unit. Number of leaves, 

nlU{1ber of infe5ted leaves, number of grubs, pupae, adults and o::ggs per unit were 

coUllted. 

lll.3 Sampling OC(:UiODS 

Samples were drawn aI fortnightly intervals (corresponding to each phenological 

srage of the crop) starting from the day of appearance of these pests in the field. Samples 

_ taken during morning hours (7 am to 10 am). 

l.l.2 Sampling statistics for distribution pattern of A. gosS)'pij and 

H. vigintioctopunctala 

The mean popUlation densities of A. gossypii and H vIgmlioclOpunC/ala by 

different sampling methods were worked out on each sampling date. Varian.ces were also 

QJculated for each sampling date. These population means and variances were subjected 

..... yses outlined by Southwood (197&). 

Ul.1 Varian« to mean ratio 

Variance to mean ratio (S2!X) ;1 the: iimplest WIly to detamiDe the pattern of 

distribution. When S2 =0 X (Ratio equal to 1), it indicates random distribution. When 
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s~ -c X (tatio <!;)}. tb¢ distribution is regular. Finally, when S~ .,. X (ratio ~I), the 

disuibuti • .lIl pattern is ~onlllgious or dumped or aw~ate<l. 

3.2 . .2.2 Uispersion p3ramet-er o.r nponent.k 

Tn.:. llllglltiv.: binomial distribution is dcscdbe.d I:>y two parameters, the llleaJl and 

the e)'.polll.:tll·k. The parameter 'k' is a measure oflh.: amO(ll.\l of clumping. The thll<)wi,\~ 

fon)\\)IOl &ivt;11 by Southwood (1918) was used io Iklt:rroioe lile exponent-". 

II: -. wh~te. 

x "" mean 

S~ :: variance 

If r. 'lS. then dumping is low and there j, a Icnde~y tow ani;; randonUh~s. Wbllll 

k <:: 8. then it inliiciltes hi~ amounl of lI.~re¥ali()!l. If ~ .: 1 or frac(iOllal tll<:l1 Ibe 

<iiSll'ibu!ioll is tugarilhroie or bighly clumped. 

3.2.2.3 Co-dlid~Qt ofvarillti<ln 

The smaller the 'k' VlIllJe. greateJ is the extent <)f aggregation. "''hcreas larger thall 

g illdicaces that the disuibuliC>n is appr\)<lching P'JISj;[,>Il. This may be aw(<:(;iated from th~ 

eiation:;hip of 'k' co the co-efficient I)f variati<'ll. 

IS" 
CV==-

X 
where, 

S! ~ .... ariance. 
X <: (il.eal\ 
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3.2.2.4I11dex of mean crowding 

The index of nrean crowding (X.) was calculated following the formula given by 

Uoyd(J967). 

where, 
S I = variance, 
X = mean 

If the value of X· > X, then it ~ignifies contagious distribution and if X· < X, 

then it indicates random and regular distributions, respectively_ 

3.l.2.5 Lloyd's iodn of ....... 

Uoyd (1967) expressed the patchiness of distribution as the ratio of the mean 

crowding (X·) to mean density (X) i.e., 

X' 
J'Mchjncss Index = 

If the value of this index is equal to unity, then it indicates random distribution 

... when the value of index is greater than or smaller than unity, then it signifies 

COntagious and regular distribution, respectively. 

J,2.2.6Index of dumping 

Distribution pattern of a population can be found out by calculating the index of 

clumping (I OM) given by David and Moore (1954). 

S' 
10M'" ---=--- - I 

X 
Where. 

S 1 = variance 

X = mean 
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Posltive l[)M value signifies cont:lgious distribution while negative value signifies 

regular distribution. Whereas random oj~rlbu\ion is indicated 'r:ty U1:{) 10M va\ue~. 

3.2.2.7 Mean colony size 

Tanigo.hi 1'/ al. (1975) gave the formula of mean colony size (C*) as 

Where, X* = mean crowding 

Lloyd ~alled it as mean demand. This conc~lIl is useful, when the sample Wlit 

contains an entire colony. 

3.2.2.8 Mean clump si<te 

l11c cause of aggregation can be confirmed by using the formula of mean clwup 

$izc (I\.) ofArbous and Kerneh (1951) 

X 
}..= V 

2k 

Where. X - =1"1, V a fum:.tion with 11 .. I d\o.(ribulicn at 2k dey""s <Jf f,'X.dom "d\ 

p ~ 0.05. 

If A < 2, then c!wnpin& it dUll' to micnHnvironmrntal heterogeneity, and when 

}.. > 2 , then the clumping is caused by both environmental heterogeneity and intrinSIC 

behaviour of the insec!. 

3.2.2.9 lwau's patchiness regression 

The regressiOIl method introduced by lwao (I 968) Involves the linear equatlon 
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X·=a+ px 

Where, X" = Lloyd's index of mean crowding (dependent yariable) 

Xo- mean density (independent variable) 

Ct. = the intercept on the ordinate or index of basic contagion 

p - the slope oflhe regression lille when X· is regressed on the X 

or density contagiollsne,s co-efficient. 

If (J. ;:, 0 and p;;,., 1, thai oii,lrihidioCl is ~()nlagiouo; IIml for regular distribution 

u:; 0 and !3,.:; I . Students i-testa an: employed 10 determine if Qi ~ 0 (II I, or if P = 0 

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. TIlls variance and mean relationship was given by 

Caylor (1961) as. a linear equation, 

-b 1 -
S- - aX. where S • variance, X = mean. a = sampling factor (constant for a 

speCLes b = measure of aggregation (constant for a species). The equation is further 

illustrated for convenience, which fitted as a regression equation in logarithms as 

expressed as 

, -
log (S ) =108 a + b log X, 



Where, log a ~ intercept, b ~ regression co- efficient or index of aggregation 

(amstant for a species) and show that, ifb > 1, it indicates an aggregated distribution; b ~ 

1.11 random distrilmtion am:! b < J, a regular distribution. 

The fit of each data set to the linear regression method for both Taylors power 

law and {wao'. patchiness regression method ~re evalua{e.:j by co- e{ficie('lt of 

determination (R") value (Johnston, 1963). 

3-3 Optimum number of ~amples 

The optimum number of samples to be drawn for e.timating insect population 

depends on the degree of accuracy desired. The following model of Ruesink (1980) was 

adopted to calculate the optimum number of samples (N) fQf reasonably accurate 

estimation of $pccies density from a pGpulation, which is more Of less homQgeneously 

distributed. 

N~ 

s' 

C"Xl 

Where. N ~ number of samples 

S2 ~ 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 distributioll is a clump and followed a negative binomial pattern, then 

the optimum sample Ilumber was worked out with reliability by the following formula 

pven by Ruesink (1980). 

Where, 

k+X 

elk x 

N = number of samples 

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

X ~ mean lIu,"OoI of in.llvicluliLI pel tample. 

k = clI'ponent or dispersion parameter 

3,4 Varietal resistance of brinjal variation against A. gossypii and 

H. vigintioctopunctato 

The field and laboratory studies on varietal resistance of brinjal against A, gossypii 

-.d H. vigimiocropuncta/a were carried out simultaneously in the experimental field and 

in the laboratory, respectively, of the Department of Entomology, Assam Agricultural 

University, JOThat, during 1998-99. Some of the laboratory studies were carried out in the 

Department of Agronomy, Department of Horticulture and Department ofBioteCMOlogy, 

College of Agriculture, Assam Agricultural University, Jorhat. A few biochemical 

analyses Were done in the chemical laboratory of the Regional Research Laboratory, 

Jorhat. The materials used and the methods foHowed for the field and laboratory studies 

are described below. 
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Si.,lQCIl varieties of brmjal WCre f<j~cro lor resislllfK>: agBinsi the two pests (PJllle 

5 - 2()). Five oftl!ese varieties viz, PIISII Kraut;, PUSH Purple 1-0118. Pu..a I3hairav. Pan! 

Samra! and JC-2 are recommended for cultivation in Assam, two are local variette~ viz, 

'Khan!a Bengena' and ·Sagali~ingia'. and the remaining nine varieti<:ls were found to ~ 

promising in some other states of India. The sources ohurl material and Slatus of these 

varieties are presented in Appendix V. 

3.4.1 Infestation and population build up of A gO$sypii and H. vigintior:toplI.nctolQ. 

on diffennt brinjal varietie~ 

3.4.1.1 Site and crop season 

A high land measuring 4 m x 40 m (160 m~) of the experimental tidd of tlte 

Departn1<:n( of cntomoklg}', Assam Agricultural University, Jorhlll wa<; selected for 

conducting the field experiment. This experiment was carried out on September sown 

crop (wjnt~r crop) during 1998 - 99. 

3.4.1.l Seedling raising, tr:Bnsplanting and ;nkrcultul1.' oJpenltiOBS 

Seeds of the sixteen ~u!tiviU'S of brinjal used in this experiment were sown on 

3 Scpt~mbeL Forty day~ old seedlings were transplanted on 14 October 1998 in the well_ 

prepared field with a spacing of 75 em x 60 em. Each entry was randomly planted in 

three rows of 4 m lIC<;ommodating 6 plants per row, Each row was considered as a 

rf'pJk~tiull (RaJendran md Gopalan, 1998), The distance from the ridge of the plot to the 

outermost plml was 50 cm on a!i.sides. On one side !lfthe border, along the whole length 

of the varietallrial experiment, at a distance of 1 m apart, a susceptible brinjal variety, 



Pusa Purple Long was planted. lbis encoucaged uniform natural inoculation of bnth the 

insects into the varieties. All the intercultural operations were followed as per package of 

practices (Anon. 1997). However. to attract 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. gossypii 

for recording the natural infestation and population build up of A. grusypli on 

brinjal varieties, the plant inspection method was followed. For this, three plants per row 

of each entry were sele<::ted randomly and aphid population on six leaves (2 top, 2 middle 

and 2 bottom) per plant were counted in situ. Observations on aphid population density 

and perccnt intensity were recorded at fortnightly inteIVais starting from the crop age of 

1,5 - 140 days during which incidence of aphid was obscrved in all the brinjal varieties. 

Observations were continued for eight fortnights till the first week of April. The 

screening and ranking of varieties against A. gossypii were done based on following 

scale. 

Rank 

HIghly resistant 

R.esistant 

Moderately resistant 

Moderately ~usceptible 

Susceptible 

Highly susceptible 

Population deusity or 
A. gossypiiflear 

:'0: 1.0 

> 1.0-s 1.2 

>1.2-:'0:1.6 

> 1.6-<2.4 

>2.4-:'0:4.0 

> 4.0 
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3.4.1.4 Sampling technique for H. vigintioctopunt:Ulla 

Plant inspection method was followed to record natural infestation and population 

build up of H. vigintioctopuncfora on brinjal varieties. For this, ~ plants per row of 

each entry were chosen randomJy to count the population of larva, pupa and adult of H. 

vIgmnoclOpuncrara. The number of infested leaves on two branches per selected plant 

were also counted in situ. 

Observations were taken at fortnightly intervals starting from the crop age of 155 

160 days, when the beetle population in aU the brinjal varieties were observed. The 

screening and grading of varieties agamst H. viginfioctopunclata were done based on the 

following scale. 

Ro.> 

Highly resistant 

Resistant 

Moderately resistant 

Moderately susceptible 

SIlS~eptibJe 

Highly susceptible 

Population deo$ily of 
H. vigintwctopunC1Ulalbraneb 

:: 0.5 

> 0.5 -:s LO 

> 1.0-:0::2.0 

>2.0-::4.0 

> 4.0 - cO 8.0 

> 8.0 

3.4.2 Comparative bloluiIY of A. gru~ypjl OD diff~relll brinjal varieties 

T!l.e life history of A. gossyp.i wu studied on different brinjal varieties unde!: 

prevailing room temperature and hwnidity conditions (Appendix Ill) 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 petridish (15 em) containing briqial leaves to get 

sufficient numbers of nymphs. 

Three new bom nymphs Were transferred individually with a soft camel hair brush 

onto a fresh medium aged leaf of each of the brinjal varietie,_ The leaf was fixed on a 

thenllocui plug of a glass tube (2.5 em x 6 em) in such a manner that the leaf petiole 

lemainecl immersed in water of me tubes (Plate l). It emured leaf turgidity and freslmess 

for a longer period of time. The tube was covered by a glass chimney (22 em l( 10 em). 

The open end of the chimney WIIS covered with tine muslin cloth so thaI the aphids could 

not escape (Plate 2). Four replications were kept for each variety. Leaves were renewed 

whenever n~e$sary. A multi-chambeJ:ed leaf carrying boll (l'lme 3) m"de ofthennocol 

was used to avoid possible evaporation loss from leaves during transit from field to 

la1x>ratory. Each of the sixteen chambers of this 1x>x was meant for the leaves of a 

particular variety and padded with moist cotton before use. Each chamber was marked 

with the proper crop variety code. The box was covered tightly with a thermocol cover 

sbeet by adhesive and brought to the laboratory for renewal of old leaves. 

Obscrvatioll~ on ditferent biological parameters of the aphid were recorded twice 

dail} (9 an} and 3 pm). The parameters recorded were - developmental period. 

rqmxIuctive period, pre-reproductive period, post reproductive p~riod, fecundity, 



prace I. i\ bri,ljat leu_( fi"ed ili:l spedmcll tulle for reHrilrg A. K(Usypii and 
H. vigitrti(lCIOPlillctlLW 

Plate 2. SpecimE!rl tube ~ chimney as.~embl)' for re-arillg of A. g().~sypii and 
H. vig-inli(lctoplUICI010 

Platc 3. A leaf carryirlg hox. 

Plate 4. Cages with culhll'C.s of 11. viginli()Ct()plInc((L{U 
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reproductive rale, adult longevity and nymphal survivaL The study was continued till 

completion of the second generation. 

3.4.3 Comparative biology of H. vigintioctopunctata on different brinjal varieties 

The life history of H. vigintioc/opunc/ola was studied 011 the 16 brinjal varieties 

Wlder normal laboratory temperature and humidity conditions (Appendix Ill) to ascertain 

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

A field collected egg mass of H. vigintioctopunctafa Willi kepi for hatching with 

the leaf substrate in a petridish (15 em). Upon hatching, the first instar larvae were 

transferred into fresh medium aged leaves fixed 00 specimen tubes (2.5 em x 4 em) 

covered with chimneys as described in section 3.4.2. Laboratory culture of the 

H. vigimioctopunclota was also maintained inside cages to get ready supply of the 

species (Plate 4). 

10 this way, three huvae per leaf were reared separately by providing leaves of 

respective varieties till they became full-grown. Leaves were renewed daily. Five 

replications were kept for each variety. 

Larval period and the per cent larval sllrVival were recorded. The pupal period 

was recorded on newly formed pupae transferred into covered petridishes (10 em). 

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

recorded. 



Plate S. :\ plltnl of brinjal variety. PUS$ KUDti 

Plate 6. A p}:,nl ()( brinj;1I Ysri<'t,', PUj'~ Bh.9ir:~v 

Platt 7, A plant of b.'injal "artery, Pusa PQrple Long 
Plare 8. A plant of brinjal varitty, Pun Bindu 

Plate 9, A Ilhmt or brinjal "ariet)', PUSA Uthun 
Plate 10. A plallt of b..-injal VAriety, KS-331 
Plate ll. A pllutl or brilljltl "ar;ety. /tnlll.9 

Plate 12. A plant of brinjal "'ariet)'. Ark:. Nidbi 



I~late J3. A plllllt of briojal \'arie,ty~ Arka Kesbnv 
Plate 14. A plant of brinjal variety. Muktftkt'shi 
Platt .15. A phuH of brilljal v!triety. Neelam l.ong 
Plate J6. A plant of briltjal variety. JC-2 
Nate 17. A phlot of brinjal v~ritt)', i->Sagalisin{;.ia" 
r-Iate 1&. A phtnl of brit'jal ,,·;triety. 'Panl Samra. 
PCa(e 11). A plttlt' (if brinjkl variety, AB-2 
I)late 20. A plant C\f brinjal vari(~ly! " 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 taken daily twice to record 

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

For obtaining sex ratio in laboratory generations, a cluster of eggs (approximately 

20 . 30 eggs) along with the leaf substrate of each variety were kept in a separate 

chimney and the hatched out hllvae were allowed to feed on fresh brinjal leaves till they 

attained adult stage. After adult emergence, males and females were identified and 

counted for each variety. 

Sex ratio in the field populations was obtained by collecting 10 - 15 numbers of 

adults from each plot of brinjaJ varieties in separate specimen tubes and counting the 

males and females after killing them in the laboratory. Three observations were taken al 

different time intenral. 

3.4.4 Leaf area (onsumptioD of H. vigintioctopunctatll on different varieties of 

brinjal 

The feeding experiment was conducted with freshly emerged first instaT larvae of 

H. viginliQClOpunclala obtained from different varieties 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 . 

chirrmey assembly' (Plate 2) as described elsewhere. The experiment was conducted in a 

similar manner with the larvae of other instars and the adults as well. All the instars and 
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dae adult were prestarved for 6 hours after moulting/emergence. Renewal of leaves were 

done daily. 

The leaf area conswned for each larval instarladult were recorded after 48 hoUlS 

of release. lbe conswned leaf area was measured by graph paper method (Sambandam 

et al., 1972). The outline of the area consumed was marked on a transparent butter paper 

and then measured by using a graph sheet. 

3..5 Me~hllDism ohesistance 

3.5.1 Morphological resistance 

To find out the possible association ofmorpbological chamcters of the varieties as 

antixenosis factors with resistance against A. grusypii and H. vigintioctopunctata, leaf 

lbiclrness, pilosity, leaf area, foliage population, angle of leaf attachment, vein and veinlet 

density, leaf colour and stOl1llltal density of different brinjal varieties _re recorded. 

3.S.1.l Learthidrness 

Three leaves, one each from top, middle and bottom of the canopy of each variety 

~ collected at flowering stage. The leaves were cut into small bits. These bits were 

ioscrted into a slit made in a small sized potato tuber. Five sections of the leaf were 

GIItained by cutting thin slices of the potato with a sharp razor blade. Six fine sections (2 

ach from leaf of each strata) of leaf of each variety were then placed under a compound 

microscope. Thickness of thin leaf sections was measured with stage and ocular 

micrometers. 
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3.5.1.1 Leaf pUosity 

To ~ the pilosity oibrinja' varielies, three remlt.-, illTee medium Md three 

old leaves from each variety were collected from the field at flowering stage. The leaves 

were thoroughly cleaned and examined under a stereo-binocular microscope to record the 

number of hairs present per unit area on both surfaces of the leaf. For this, a square 

shaped portion of size 3 nun x 3 mm was removed from a plain paper which was then 

placed over the leaf under microscope. The nwnbet of hairs (pilosity) per 9 sq. mm of 

k:af surface of each variety and each age group were counted. 

3.5.1.3 Leaf area 

To detennine the leaf area, three tender, thr<l:c medium aged and thret old leaves 

of each variety were collected at flowering stage and were placed over a graph paper 

(I small square = I mml) and their peripheries w~re drawn on the graph paper with a 

penciL The number of squares present within the periphery was counted which gave the 

. , 
areammm . 

3.5.1.4 Foliage popUlation 

To delemlme the folill,ge population, three plants of each variety WCle nmdomly 

!>elected in the field and the leaves present per plant were counted in situ. 



3.5.1.5 Angle of lear attachment 

To determine the angle of attachment of leaves with the stem, two plants of each 

variety were selected randomly in the field. The angle of attachmenl of leaves al the top, 

middle, and the bottom canopy were measured with the help of a protractor In situ. 

3.5.1.6 Vein and veinlet density 

To detennine the vein and veinlet density of brinjal varieties, three leaves (one 

each from top, middle and bottom of canopy) of each variety were collected at the 

flowering stage from the experimental plots. The leaves were thoroughly cleaned and 

placed under a cylindrical hand lens (lOX) having an opening of7 mm x 5 mm at the 

distal end and the observed veins and veinlets were counted. 

3.5.1.7 Leaf colour 

In ruder to determine the actual leaf colour of different brirj,ial varieties, two fresh 

leaves from the middle of the canopy was collected from the field at the flowering stage 

of the crop. The leaf was pl~ced under a Lovibond Tintometer (Model E-AF 9(0) for 

recording the intensity of the red, yellow and blue colours. The colour intensities of both 

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

3.5.1.8 St<jmatal density 

FOl dtolermining the number of stomala present OIl leaves of different brinjal 

varieties, three leaves (one each of lender, medium and old age) were collected from 1M 

experimental field at the flowering stage. To determine the stomatal density the adhesive 
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peeling technique orBa; and los (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 after an hour. The impressiOllS on the adhesive were dirMly examined under a 

ereo-binocular microscope (at 40 X) and the number of stomata were counted. 

3.5,2 Biochemical resistance 

To identiry possible association of antibiosis factors in brinjal varieties with 

resistance against A_ gQssypii and H. v,gimioctopuncww, a quantitative estimations of 

biochemical constituents of leaves of different brinjal varieties, such as nitrogen, crude 

protein, potash, crude fibre, moisture, tantlin, phenols, free amino acids and carbohydrate 

coments were detennincd, following stan(!ard procedures as described below: 

15.1.1 Sewple preparation 

R<xIgbIy equal proportions of uninfested leaf samples from tap, middle and 

hotIom canopy of each brinjal variety were collected at 90 days after transplanting. The 

bYeS were washed thoroughly and one~fourth (by weight) of the sample was kept 

separately for 4etennination of moisture content. The remaining three-fourth was oven 

dried at 70°C till constant weight was reached_ The dried samples were groWld into fme 

.-mcles in an electric grinder and packed in separate polythene bags with proper varietal 

idc:nlification tag and stored in a desicator for biochemical analysis. 
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3.5.2.2 Nitrogen 

Total nitrogen in the leaves of each variety of brinjal was estimated by Kjdtec 

AUIO Analyser-1030. The total nitrogen estimated was expressed in percentage on dry 

weight basis. 

3.5.2.3 Crude protein 

The total crude protein content in the leaves of each brinjaJ variety was calculated 

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 content in the leaves of each brinjal variety estimated by flame 

photometry method using KCl as standard. Total potash content in leaf sample was 

estimated from standard curve in perc~ntage basis on dry weight basis. 

3.S.2.S Crude fibre and moisture 

The crude fibre and moisture "ontents of different varieties of brinjalleaves were 

determined by fo!lowing A.O.A.C. (1980). Estimated Cr)[ltenlS were expressed in 

percentage on dry weight basis. 
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Tannin contents in leaves of different brinjal varieties were estimaled by modified 

Folin Denis method suggested by Swain and Hillis (1959) using tannic acid as standard. 

Tannin content was expressed in milligram per gram of samples_ 

3.5.2.7 Phenol 

To delennine the total phenol conlent in leaves of different brinjal varieties, the 

method of Bray and Thorpe (1954) was followed. In this method, the mixture of ethanol 

extract of leaves and Folin·ciocalteu reagent (indicator) in alkaline medium was used to 

measure its absorbance in spectrnphotometer al 650 nm against a reagent blank and 

standard curve was prepared. From the standard curve, the concentration of phenols in 

lbc test samples was fOWld out by using catechol as standard and expressed as milligram 

of phenols per 100 gram of sample, 

1.5.2.8 Free amiDo acid 

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

method of Moore and Stein (\948) and it was expressed as milligram per gram of sample. 

3.5.2.9 Carbohydrates 

Determination of total c;u-bohydrate present in leaves of each variety of brinjaJ 

was done by Anthrone method (Yem and Willis, 1954). The carbohydrate conle!rt 

(milligram ofsugar) per 100 milligram of test sample was expressed as percentage, 



CHAPTER IV 

EXPERIMENTAL FINDINGS 

Results of the studies carried out during 1998 - 1999 and 1999 _ 2000, on the 

population eoology and varietal preference of Aphis gossypii Glover and HellosepiiaciuUl 

vigillilOclOpuncrata (Fob.) on brinjal are presented in this chapter. 

4.1 Seasonal population trend of A. gossypii On brinjal during 1998 -1999 

Data on mean population of nymphs and adults of A. gossypii are presented in 

Table L The trend of populalion build up at different crop stage (AppendiX IV) and the 

meteorological data (Appendix I) for the study period are depicted in Figure I. Plate 21 

shows the infestation of A, gossypii on brinjal. 

Incidence of A. gossypii commenced during the second week of October 

(14 October) i.e. one week after transplantation of the crop. The crop by then, was at the 

seedling is) stage with a population density of 6.93, 3.67 and 0.40 nymphs, apterous 

adults and alate adults per plant, It,spwtively. TiU late vegetative (V) stage: oithe crop. 

the population trend of apleJOus aphids remained horizontal with not much fluctualions, 

although alate adults reached a SIIlIllI peak at this stage during the third week of 

December (23 December) with a population density of 0.93/6 leaves. Thereafter, in the 

first week of January (7 January), the population of nymphs and apterous adults attained 

a small peak of 14.40 and 5.26 per 6 leaves, respectively, when the crop was at flower 
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bud fonnation (Rt) stage. Immediately after this, a short decline in aphid population was 

observed which was followed by II sharp increase in population level of nymphs (38.0016 

kaores) iiIld adults (l8.9316IC3\'es) to (ea<:h the climax in the fourth week of January (28 

January) at flowering (Rll stage of the crop. However, alale adult population of the aphid 

~tartcd declining from that stage and finally disappeared from the crop at the fruit 

initiation (RJ) stage, during the first week: of Februa') (4 february). The lX>pulation of 

ap\erous aphids after reaching peak abo started de<:lining gradually from the same stage 

<;If the crop, which was accompanied by II sharp decline in population of nymphs to II 

level of 5.40/6 leaves in the third week of February (i8 Febl1illry). From this date of 

sampling, the alate adults appeared in the crop, which gradually reached ils peak (1.86/6 

leaves) in the first week of April (I April), at the fruit ripening (~) stage of the crop and 

later on populafion dedillCd tv a JeveJ of D.61)16 leaves in the last week of April (22 

April), when the crop was at declining stage. However, population of nymphs and adults 

gradually decreased from the thin! week of February (18 February) onwards with few 

shOll rising and falling phases to reach a minimum population density level of 1.53 

nymphs and 2.53 adults per 6 leaves, in the second week of April (IS April). when the 

crop was at a declining stage and by the nelll week nymphal population totally 

disappeared and adults numbered 0.53 and 0.60 per 6 leaves for apterous and alate form, 

respectively. at the last stage of the crop. 

4.1.1 Impact of natural enemies 00"'. gossypii population during 1998 - 99 

The predalors, Coccinella repanoo Thunb, Menochilus sexmacu/alUS F. and 

Micraspis d~'sc%r (f.) (Coleoptera: Coccinellidae) were recorded as potentially active 



Table I. Seasonal populalioD trends of A. gossypii and ils preda(l)rs on brinjal during 
1998---99 

Sampling date Crop ·Pop~lation density orA, gUl,I),pjj Pop~lation density of predators 
goowili (Iar>ia + adult/plant) 
slage Nymph Apt<rous adutt AI.t<adult C repanda .II """,.,u/arw- M dJs<GWr 

October 14 S, 6.93 3.67 OAO 0,00 0.00 0.00 

21 4.40 I.S0 OJ3 0.00 0,00 0,00 

28 6,60 ",93 0,26 0.00 '.00 000 

November 4 7.26 4.46 0.26 0,00 0,00 0,00 

" 
Y, 9047 3.&0 OJ3 0.00 0.00 0.00 ,. 6.53 5.20 0,20 0.26 0.20 0.00 

2l 4.80 3.20 0.1 J 0,13 DAD 0,00 

D,t~mber ~ v: \ 40 4.46 0.26 0.26 0.73 0.00 

9 8JJ 3.80 0,"0 0,1) 0.33 0.00 

'6 7.46 3.20 0.20 0.26 0,46 0,00 ,. -. Y, 3.81 4.67 0.93 0.20 0.60 0.00 

)I 9.73 ),00 0,67 (1.20 0.33 0.00 
January 7 R, 14.40 5.26 0.67 0,\3 0,33 0.20 

" 10,53 5,06 0.&0 0.26 o,n OAO 
21 R, 35.1 J n.ll 067 0.33 1.13 OA6 

18 H.OO 18.93 0.33 OJ3 1.33 0.60 
February 4 R, 2393 10.06 0.00 OJ] 0,93 11.1 

" 20.06 7,93 0,00 0.53 0.66 0.93 

" 5.40 8.7) 0.40 0,93 '.% 1.40 

2S 5,06 5.11 0.46 0,66 0.33 0.60 

MardI 4 5.80 3040 0.53 000 o 'J 0,80 

" R, 5.13 2.60 0,66 •. ~ 0.26 0.53 

18 7 AO SJ3 1.00 0.26 0.20 1.06 

2S 3.13 2,7] 1.53 0.00 0.26 1.53 

April 100 3.53 1.86 0.13 0.26 0,66 

• 3.06 1.93 I.3J 0.00 0.20 0.% 

IS 1.53 2.53 ,~ 0.00 000 0.46 

22 R, aM iJ.53 0.60 0.00 0,00 0.00 --_._ 
Mean of 15 sampks 

._-----" 

• D<lta represent mean populationlplant in S) stage and mean populationl6 leaves/plant in 
uthoc stages 
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natural enemies of A gossYPli (Plate 24, 25 and 26). The dllta on population of these 

three coccineHids an: presented ill Table 1 and the trends of their population buildup are 

shown in figure 1. C repandn and M. sexmacu/arw; appeared in the field at a low level 

of 0.26 and 0.20 nwnbers per plant, respectively, on 18 November when the prey density 

was at 6.53 nymphs, 5.20 apterous adults and 0.20 alate adults per 6 leaves. Thus, there 

existed a gap roflve w(;cks between the appearances of prey and predators. However, M, 

diSMlor appeared in the field three weeks before the prey population approaching its 

peak, j,e. on 7 January, with a low population of 0.20 Ilo.lplant The maximum population 

of C repanda, M_ sexmaculatus and M_ discolor were 0.93, 1.33 and 1.53 per plant on 18 

FcbrlJary, 28 January and 25 March, respectively, when prey population trend was at 

falling phase. Their population = down with the dedine in p,,-,y p\}pulation and fmally 

disappeared by 8 April (c. repanda), 15 April (M. sexmaCUlallL'f) and 22 April (M. 

discolor), respectivel). Both nymph and apterous adult popUlation of A grusypii shnwed 

signilicant po,;itive correlation with M. sexmaCuiallL'f (T = 0.795. P = 0.01 for nymph and 

r - 0.839, P ~ 0.01 for adult), while adult aptemus showed significant positive correlation 

with C repanda (r ~ 0.396, P = 0.05) (Table 2). Alatae showt<d non-significant negative 

correlation with M. sc:x;macu/allL'f. 

;-';0 parasitoids could be recorded during the course of field studies. 

-'1.1.2 Impact of metel)fologieal fllcton on A. gossypii population during 1998-99 

lbe correlation5 between mean population densities of A. gossypii and the 

weather parameters (Appendix I) wen: worked out and are pres~nted in Table 3. 
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Table 2. RelatioQship of A. gossypii pupulatioD with predators, C repanda, M. 
sexmacu/alUS and M. discolor population during 1998_99 and 1999_2000 

----c-
A g<'ssJ'I"' ReIal'IlIl' Prod.to( populaiJOCI duling I~t.~ Pn:datorpopulalio, Gu';ngl\'9').lOOO 
PUP"ia,,,,, 'hips ---

stallstics C f<f<i'II/ll ,il,~., MJI1<YJior 
e_ 

M ,,,,",,,,,,,at., M dllctJio; 
. _."-. ----

""" ~,I9l.N~ ~.1'lS" ~.155W; I\,\J(I$" M5Il' Mill 'NS 
populallOn 

100 " ) 164 61200 ),-W2 014.622 20.1l~ OJOO 

, 0,1% Will UIW O.M 0,4&6 """ 
" 044)' 0665" 0.112 ilS 

, \,m,W,j,fflX L501+Uln 2,226+4.)00-X 

Mull 0-'96' ~.IJ9" O)IJNS 0,1110" O.64Y" 0.611" 
tJOIlulOl",n 

100,' Ij~l 11.J92 9,191 67.240 41.IW 31.190 

, HI~ l.11~ o no I 159 0,110 0,714 

" 0.639" 0.161" DAM' 

, .16(11,.943X Il54 - 9.mX OJI6+2.6nX o,m t i,566X 09IS+i,14IX 

N)mpn- O,\~~S o.m" Ol,oN, o,m" 0514' O.l11I1S 
Mull 
popul,,"oo ,., ),1% 61jjl j 101 jOlt; 2Ii.m 1.\00 

1 U}i<) LlIO D.1JG L64) a,lm 0.110 

" 0,411' 0116" 0,203 ilS 

, 1.lll'lQ,I'64X 2,m'II,213X l.IJI-HI4X 
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The key abiotic factors, Vt~_, temperature (maximwn and minimum), evenillg 

rclativ<l hutnidity, total {"i"fall and number <>f Hlil\y days ~tmwed negative correlation& 

with A, gassyp;, popUlation. Morning relative hwnidity and brigbt sunshine hours SbOWild 

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

minimum temperatures and bright sunshine hours were not significant at P ~ 0.05. 

The nymphal popUlation registered significant negative correlation with both 

maximum temperature (r ~ - 0.517, P '" 0.01) and minimum temper~ture (r '" - 0.584, P = 

0.0 I J, Similarly, adull population also showed significant negative correlation with 

ma:<imum temperature (r ~ - 0.445, P = 0.05) and minimum temperature (r = - 0.567, P-

0.01). Positive significant wlTeJation existed between bright sunshine hours and the 

pop"latiCl~ I'>fnymphs (I =0.478, P = 1.\.(1) and adults tr = 0.4S0, P = 0.01). Total aphid 

popUlation (nymph + adult) too exhibited signifIcant negati .... e wrre\Mioo with maximum 

temperature (r = _ 0.503, P =' 0.01), minirnwn temperature (r ~ _ 0.588, P = 0.01) and 

significant positive conelar:ion with bright sunshine hours (r = 0.486, P = 0.01). 

Regression equa.tions were computed (Table 3) for each significant relationship 

between aphid population and meteorological parameters. Regressions for nympha! 

population of A. gossypii were Y = 59.008 - 1.758X (maximum temperature), Y = 26.414 

- 1.090X (minimum temperature) and Y = _ 1 !.715 + 2.905X (bright sunshine hours). 

The regression equations for adult A. gossypi' population were Y = 24.426 - O.681X 

(maximwn temperature), Y ~ 12.661 - 0.476X (minimum temperature) and Y =_ 4.343 + 

i.116X (bright s>.Jru>hine houno). The regressions for overall mean population of this aphid 



Table 3. Relafionship of A. gossypii populatiun with meteorological factors during 
1998-99 and 1')99·1000 

M<I<omla~ - A, ~'\'P'l ~'\iIlIIIM\"g l'l'l~!)q ,;_ gtr<I)pir populil\ioo durin! IWl.2OOIJ 
;.,. r",!or$ ship 

N)mph Ad,ll '~I Njm9~ ""' '''' \wmi" (Nympll + Adull) {Nymph + Ad,ll) ------
Ma'<Jmum , -11517" -{I-4W -{l5(l)" -{I,IOlNS -11_142 NS -\I_141NS 
"m[lerolure 100 r' ,I' gOO 19_1(10 ,5Joo LlOO 5.'l\I;l ).,(100 

1 o j)6 0,419 0.554 O_ID! 0_247 0.147 

" -1'1)11 No -lJ_)$1 NS -lJJStNS 
1 j9,OOI·I.J5IX :H16-1l6ItX IJ424-WIX 

M,,'m,m , -1I1W' -{lj61" -1Ij!!" 0,05! NS Il,O~ NS Q,(I67NS 
""'[Ie"i"", lIl(l!' ], 100 11.100 "''' ,;00 0.100 MOO 

1 "OM '6# 0_6J6 0051 'ro '0' 
" -{I.)71 NS -1I_J71 NS -{lJ7'I NS 
1 '6-414·II)9X IJ,6o\1.O.476X 19,Q79·1.56o\X 

"" , 0.156 NS 0_141 NS 031INS OOUNS -{lJIINS -{lOIINS 
\MOlIlin~) IOOr' moo 6.000 10 100 0_100 ilIOO OJOO 

Z om O.2lO o J40 Q.(I14 OJ)4 oo,s 
" 0.206 NS 029i~'S 0.206 ~S 
1 

'" .1l_mNS -11 34-1 NS -{llI}I ~, -1'Im~~ -(I_mNS -lJl]SNS 
IE"n;ng) 100r ).JOO I ]_9(JO noo 1400 "" <100 

1 o 281 0.319 0.314 0,10\ ~.7i1 O,m 

" 
-{I,WNS -{I.J16 NS -{I,16JNS 

1 

'oW~ , .(HS'NS J,),lWW, ~,lbSN'> .(),)1)NS -{lJ60NS -{I.l99 NS 
liIIl 100.-' ''''" 7.200 1000 1000 1),000 '''' L ~_}fJ.l 0,274 o,m 0,4Il5 OJ75 GA14 

" 
-{llI6NS -{llIONS .j) JJil NS , 

No "I , <)254 NS -{l211NS -0266 NS -(lAM' -(I_j61 NS -0_41»' 

''''Y dal' IOOr' 651lO n. 1100 "" '" 1~,1OO 
1 o 26(l 0,11) 0,27. 1l.419 0_165 Q_JJJ 

" -1'I:l4~ NS -lJ 14S tiS -HI-IN~ 
1 4.JJi_GJjIX 5m -O_12GX 

B,,!!"l , 0,<71" 0410" 0416" 0>40 NS 0,004 NS 0.187 NS 
sunsn'l1< HI'li ,,-100 11_(100 moo I\.lOO 0.000 !.loo 

"" 1 0.519 o,m O.5JJ OJ" 0.000 0196 

" 041-1' 0171 NS 0.391)' 
V -ll.7ll+291llX .4J4J+iJI6X .16.063 + t2l)X 

" 'NoI,ignifi,,,,,' • , S'¥!lIti'alli " P ~ 0,01," : S'snifie,nl at P = 0_01 
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were Y = 83.424 - 2,438X (maximutn temperature), Y ~ 39.079 - 1.566X (minimum 

temperature) and Y = _ 16.063 + 4.223X (bright sunshine hours). 

4.1 S~ona' populati,\)l) tnnd orA. gossypii = b~iDj,.1. during 1999-1GOO 

Data on field population of A. 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 A. gossypii started soon after transplantation of the crop. The initial 

popula!lon were 2.73 nymphs, 1.20 aptemus adults and 0.60 alate adults per plan! at the 

,cedling (S]j stage of the crop, in the second week of November (II November). At this 

same stage of the crop the nymphal population started rising up gradually 10 reach a 

density of 9.00/plant in the first week of December (2 December). But apterous adult 

population fluctuated in this period to attain population level of lAO/plant on the same 

date of sampling. On the other hand, alate adull population initially increased to 1.33 

/plallt in the third week of November (18 November) and thereafter population started 

falling down gradually and finally disappeared from the crop at the mid-vegetative (VI) 

stage, in the first week of January (6 January). AI the initiation of early vegetative (VI) 

5lag~ On 9 December. nymphal population declined to 5.93/6 leaves, whe~ apterous 

adult population bounced up to 1.71/6 leaves. Thereafter, the populations of apterous 

adull and nymph started declining gradually to a low population density ofO.46!6 leaves 

in the second week of January (13 January) at VI stage of the crop. From 20 January 

onwards, when the crop was approaching lale vegetative (VJ) stage, the population of 

apterous morphs again increased gradually and attained peak population densities of 
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11.08 nymphs and 3.40 adults per 6 leaves III the fruit initiation (R,) stage III the fourth 

week of February (24 February). However, in this period, alate adults reappeared with a 

"cry low poputation dellSit)' and remained active fot fuur w~ks and again disappeared <m 

18 February when the crop was at Rl stage. From flfst week of March, (2 March), the 

population of ~pterous aphids approached the faUing phase of population trend and 

started declining every week. On 24 March, when the crop was at fruit ripening (R) 

slage, the populations of the apterous aphids stood at low levels of 1.36 nymphs and 1.53 

adulls per 6 leaves, by then the alate adults started reappearing on the crop with II 

population density of 0.16/6 leaves, which increased 10 reach its higllest peak of 1.76/6 

leave:;. in \he TIJ$t week of April (7 April). Thereal'ter nymphal population disappeared 

from the crop aJld apterous and alate adult popuJatioll5 stood at 0.16 >md O.53/6Ieave5, 

respectively on the last samplillj!: dale (21 Aplin. 

4.2.1 Impact of oat ural enemies ofA. gossypii during 1999 - 2000 

The population trends of coccinellid predators, C. repanda, M sexman<lalus and 

M. discolor are shown in Table 4 and Figure 2. The fin.1 two predators were observed 

tlfter two and three weeks of appearance of A. gossypii, respectively, but later one was 

seen after ten weeks of appearance of the aphid. Then onwards, the predators were 

reoorded on each sampling date. The populations of C. repamiP, M. sexmacuialll$ and M 

discolor attained the ~ of O.7E1phmt {24 February}, 1.06Jplant (\8 Fe'orumy) and 

O.93/plant (9 March), respectively. Signific<IIIt positive correlations were obtained 

between the C. repanda population with the nymphal population of A. gossypi (r = 0.668, 

P '" 0.01), apterous adult population (r -- 0.820, p .. 0.01) and overall mean population of 



Table 4. Seasonal population trends uf A. gQssypii and its predaturs on brinjal during 
1<)9')-21)\)1) 

Sampling date Cmp 'Population density of A !;u>SJpii Population density of predato'5 
growth (larva + adultJplanl) 
,tage 

"" -~ ~ileiilli1 ,- , ...... "----
November II S, 273 1.20 0,60 0.00 0.00 0.00 

" '" 140 \.13 000 0.00 0.00 

25 8.00 1.73 1.13 0.13 0.00 000 

December 2 9.00 1,40 1.00 OJ3 000 0.00 

9 V, 5.93 1.71 0,86 OJ) 0.13 0.00 

16 4.26 0,80 0,60 0.13 0.20 0.00 

13 1.93 \.26 OJO 0.06 0.26 0.00 

'0 0.93 0,46 0,06 0.06 0.20 0.00 

January 6 V, 0.66 0.53 0,00 0.00 0.13 000 

13 0.% 0,46 000 O.M O.M 0.00 

20 V, 2.86 0,93 0,46 0.1 3 0.20 O.M 

13 R, 4.26 1.00 0", 0.26 0.53 0.26 

"february ) R, 4.53 lJ] 0,60 OAO 0.00 0.26 

lO 4.% 1.67 0,20 0.58 0.83 0,48 

" R, 8.53 2,13 0,00 0.63 1M 0.58 

14 11.08 3.40 0,00 0.78 0.92 0.63 

March 
, 2.53 2,26 0,00 0.56 0.66 0.53 
q L93 1.&0 000 0.23 OJq 0.93 

17 1.53 2.13 0.00 0.30 0,13 0.76 

24 R, 1.36 1.)3 0,16 0.26 OJ3 0,66 

]I 1.53 1.20 0.93 0.06 0,26 0.48 

April 7 0.93 0.60 1.76 0.00 0,20 OJ] 

14 0,00 0.26 1% 0,00 0.00 011 

21 0.00 0.16 0.53 0.00 0.00 0,00 
Mean of 15 samples 
• Dam represent mean population/plant in Sl stage and mean population/6 leaves/plant in 
other ,;tages 
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the aphid (o}mph + adult) (r ~ 0.737, P ~ O.(H). Significant positive correlations of 

M_ sexnUlculatus population were also found with nymphal population (r = 0.450, at P = 

0,05), aptemus adult population (r = 0.647, P = 0.01) and overall mean apterous 

population (r = 0.514, P = 0.05) and negative relation was found with alate adult 

population (r - 0.416, P = 0.05) of A, gossypii. M. discolor population exhibited 

significant positive correlation with apterous adult population (r = 0.618, P = 0.(1) and 

negativ~ correlation with alate adult population (r = - 0.435, P = O.05), 

Combined correlation studies for both crop season signified that there w~re 

;ignilicant positive relationships between aphid population of apterous rnorphs with 

c_ repanda and M. sexmMU/atw population and apterous adult with M. discolor 

populatiOtl.. But nQ signific8nt relationmip eY.i~ between alate pQpu\atiQn with any of 

the cocctnellid predators. 

No parasitoids attacking A. gossypli could be known during the course of the 

studies. 

4.2.2 Impact of meteorologic.l parameters on A. gossypii population during 1999-

2000 

Data on population density of A. gossypli (Table 3) and meteorological data 

(Appendix II) are shown in Figure 2. Negative correlations existed between population of 

aphid, with maximwn temperature, evening relative hwnidity, towl rainfall, no. of rainy 

days and adult and overall population with morning relative hwnidity. Positive 

correlations existed between population of aphids and minimwn temperature as well as 

bright sunshine hours and nymphal population with morning relative humidity. However, 
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only number of rainy days showed significant correlation with the nymphal population (r 

- 0.444, P -- 0.05) and overall mean aphid (nymph f adult) population (r = _ 0.409, P = 

0,05), But the pooled correlation coefficient (rpl for meteorological data and population 

of A, gus:,ypii in 1998 - 99 and 1999 - 2000 showed that only bright sWlshine hours had 

signifIcant pOSItive relations of with nymphal population (rp = 0.414, P = 0.05) and 

overall (nymph + adult) aphid population (rv ~ 0.399, P = 0.05). All other abiotic factors 

did not have any significant impact on fluctuation of aphid population durirtg both the 

crop seasons. 

4.3 Seas'mal population indices of A. gQuypii (In brinjal 

Seasonal index for population growth of A, gOSSypi1 was computed at fortnightly 

interval from population data of 1998 - 99 and 1999 - 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 

1<)98 - 99 season. However, the peak of aphid population during 1999 - 2000 was 

delay~d by two weeks. It is clear that the population of A, gossypii gradually increased 

from second fortnight of October till first fortnight of December and slightly dropped 

down in the second fortnight of December and again increased from then onwards to 

rea~h its peak in the s«:ond fortnight of January. Thereafter, population declined slowly 

(0 a fevel of its minimum popUlation density in the second fortnight of ApriL 



Table 5. Sea"onal indices of A. gossyp;; population on brinjal 
. --_._--- -----_ . 

Month Fortmght "Aphid population density during Seasonal 
crop season Index 

1998-1999 1999-2000 M= 
------ .. --~.--

October II 3.03 0.00 1.51 45.50 

Nov",mb",r 4.26 1.51 2.88 86.75 

II 3.34 2.97 3.15 94.88 

O",c",mber 3.74 284 3.29 9910 

II 3.74 0.81 2.27 68.40 

January 6.12 0.35 3.23 97.30 

II I S.36 1.73 10.04 302.40 

February 10.33 2.21 6.27 188.85 

II 4.20 3.85 4.02 121.10 

March J.03 1.35 2.19 65.96 

II 3.62 1.12 2.37 71.40 

April 2.12 0.57 1.)4 40.40 

II 1.11 0.13 0.67 20.20 

Mean 5.1 :'I 1.50 3.32 100.00 

, Number of aphids/plant during October and November (S3 crop grovvth stage) and 
number of aphids/6leaves/plant in rest of the months 
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Fig. 3. Seasonal indices of A. gO/fSypii population on brlnjal (based on data of 
1998·99,19911.2000) 



Table 6. Seasonal population trends or H. ~jgillti(lct(lpun clllta ,.d extent or 
parasitization by TetTilsticl!us sp. and P. fo~eolQtus on brinjai during 1998-

" 
~am~l.ng date Crop 'Population de"';t) of Extent of [WOlilizat;Oll 

'""" H. vigimio'iOplltt"lUiU (%( 

".' (no./2 branchel) TtlrWliclrus 1jI. f ftwfolall1J 

E. w.. '" Adult E. "", w., '. 
October 14 S, O.ro Q.40 O.ro 0.43 O.ro oro 0.00 O.ro 

11 0.00 080 0.00 o.~ 0.00 12.50 oro 0.00 

28 000 1.56 0.10 0.50 O.ro 14.70 0.00 0.00 

November 4 000 1.]0 0.4] 0.46 0 .• 23.00 0.00 0.00 

II V, 0.16 0.90 0.40 0.50 O.ro 20.00 O.ro 0 .• 

I! 013 !.IO 0.60 0.46 0.00 14.50 O.ro 16.60 
15 0.11 1.40 0.33 0.80 0.00 11.W 4.30 IUS 

l):,emner 2 V, O.ro 0.93 ,oo 0,)6 oro 8.60 UO 21.70 
4 0 .• M] 0.g3 0.63 0 .• 1l.9S O.ro 19.25 

I. oro O.ll 02J 056 000 oro oro 26.08 ,. 
•• v, 000 oro 0 .• 0.30 000 oro oro oro 
JI 0 .• O.ro 0.00 0.23 O.ro 0.00 0.00 O.ro 

Januat) 1 R, 011 O.ro 000 0.40 oro oro 000 oro 
14 0.00 0.00 0.00 0.10 O.ro 000 000 oro 
21 R. 04) 0.56 0.00 0.13 6.95 10.70 O.ro oro 
28 O1J 0.93 0.00 '00 26.00 1710 000 oro 

l-ebnlat)· 4 R, 1.J3 J.03 1.63 1.46 16.60 6 .• 0.00 0.00 

II 0.63 410 1.83 1.9) M 7.15 3.10 11.85 
II 0.96 10.33 1.03 1.76 J 1.25 8.30 6.20 44.60 

25 0.00 13.97 21J 2.7J 11.]0 26.20 MO 47.JG 

MM" 4 0.56 2310 5.80 0.63 35.70 1114 4.56 3317 
II R. 0.46 13.03 6.56 2.76 34.78 10.74 6.60 40.09 
18 0.36 1.80 Soil 3.53 16.70 38.90 1.2.20 42.50 
25 0.30 2.40 100 2.03 10.00 19.16 0.00 2)00 

April I 0.)6 090 o 23 I" 0 .• 800 0 .• 0.10 
8 0.13 0.40 0.26 0.63 0 .• 0.00 0.10 0 .• 
1& 0.10 016 010 o. 0.00 0 .• 0.10 0.00 
2) R. oro 0.(10 000 0.30 0.00 0 .• 0.00 010 

Mean of 30 samples 
• Data reprcsent Olcan populallonlp1anl uplO V I stage. and mean population/2 branches In 

other stage.< 
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However, larval, pupal and adult populations attained their peaks on 4 March (23.20 

larvaell branches), 18 M!lIch (8.13 pupaef2 branches) and (3.53 adults12 branches) 

during fruit maturity (~) and fruif ripening (R5) stage~ of rm- crop. From thereon, 

population came do'Ml gradually and finally disappeared from the crop, at the crop 

decline (Rll stage in the fourth week of April (23 April) but adults still remained at a 

popubtion of 0.3012 branches on the last sampling date. 

4.4.1 Impa~t of natural enemies on H. vigintioc/opunctata PQPulation during 

1998 - 99 

Field collected eggs, larvae and pupae of H vigintwctopunctara were fOWld to be 

parasitized by two hymenopteran parasitoids, viz., Tetras/jehus sp. (Eulophidae: 

Hymenoptera) and Pediobius /oveolatus (Craw.) (Euiophidae : Hymenoptera) (Plate 27 

and 28). The former parasiloid attacked both eggs and early instar larva~ while the latter 

attacked both late instar larvae as well as pupae, 

"[be data on extent of parasitization by both Tetrastichus sp. and p, fowo/am, 

recorded during 1998 - 99 are shown in Table 6 and illustrated in Figure 4. The activity 

of Tetrastichus started after one week of appearance of the prey and ended at least three 

weeks before the disappearance of the host. The initial observation on 14 October showed 

no pilra;itic activity in the field. On the next sampling date (21 October), 12.50 per cent 

pal'a;;lintion of the prey larvae was recorded, when the host population was 0.80 

larvac:pliUl(' However. during the entire period of observation, the extent of parasitization 

varied from 6.60 to 38.90 per cent. Maximum parasitization of larvae (38.90 per cent) 

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



T.bie7. Relatiunsbip!)f H. 'l'iginJjl)C1upllnCfulll population wilh tbe extent uf 
parasitizaliull by TetrlUlichw; sp. alld P. fowolatus during 1998·99 and 
1999-2000 ' 

---------c-- -- -------
Host-parasite relationship Relalionsbip 1998-99 1999-2000 

stalistics 

, o 303NS 0.549' 

H. l'!gmliocl<Jpun~W!" 100r' 9.180 30.200 
larval population 

I'S. Z 0.316 0.615 
exlent of parasitization by 

Telrus/khu.\' sr. " 0.414 

y 0.219 + O,]50X 

, 0.H3NS 0.542' 
11 VlginlitKlopun(lata 100r' 11,765 29,400 

larval population 

" Z 0.352 0.609 
<':l.tent of paraSitization by 

" 0.430' P. fuwo/alu,5 
y 0.930 + O.356X 

, 0,675" 0.885' 
fi. vigmlivclopuncluia 

100r 45.600 78.321 
pupal population 

vo, l 0.820 \ ADO 
CXl~nt of parasitization by 

p, jiweu/ulus " 0.788" 

y ().060 -r- O.087X 0.023 -;- 0.126X 

, o (i')I_j" (j,SH" 

Number of egg cluster~ of 
!-f_ vIKm/IQC/opunCIa/() 

100,1 -17.600 26.100 

YS. Z 0,852 0.568 
~xtC!ll "fpard.>itizatjoll by 

Telr()slichus sp. " 0.618" 

y (j,ll6 t 0.019X 0.099 ~ O.OIIA 
-- ------ - --------- ----_. ----

NS : Not Significant. : Significant al P = 0.05, 
,_ 

: Sig,\lif~nt at P = (l,01 
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when population density of egg masses was at 0.4312 branche~. The peak egg 

parasitization (35.70 per cent) was recorded on 4 March, when the egg mass population 

[0.56/2 branches) was al falling phase. The parasilOid became almost untraceable from 

lhe first week of April. 

The extent of parasitization by p, foveoli1lus was comparatively high and it 

aCCOllll!cd for about 16.60 to 47.50 p~r cent parasitization of the pupal host and 3.10 10 

~~.20 per ~~U1 larval ho,\ (Table 6 and Figure 4) The peak parasitization (47.50 per cent) 

was r~corded olllS February. 

TIle correlation ,Iudie, between prey population and the extent of parasitization 

indicmcd that there was pOSItive and highly significant correlation between Tl?lrasllChus 

sp. and ~gg mass population IT = 0.690, P = [l,On and similar relation was also existed 

between P. foveola/us and pupa! population (r ~ 0.675. P = O.O!) (Table 7). 

III the course of study, no predator could be detected exercising regulatory power 

on population of H vigmlioclopunclala. 

".4.2 Impact of meleorolugical factors un H. viginlioctopunctllta population during 

1998-99 

The mean jlopulatioll deru;ities of Ii. vigimi()c/Oput<ctata (ecorded on each 

>ampling dutc w~re ~"rrdated with key meteorological factors (Appendix I) and results 

obtained are jlrcsentcd in Table 8. 

Maximum temperatwe with larvae, pUjlae, adult and overall mean popUlation and 

bright sunshine hours with larvae, pupae, eggs, and overall mean population showed 
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Tabl~ 8. Relationship of H. vigimiQctopu.nctata population with meteorological 
rllctor. during 1998-99 

---- -- ~ ~~--

1t'~OIo~g Itd.tlon. If "gmJ'Odapll"tln'O populalion dunng 1991-99 
i,,1 r",!OIl .'p "", P., Adull " larvaTPupa+Adull 

,~lisI". 

),t"imum 017lNS allONS O_JIlI NS .{J_OllNS O.JloNS 
lOmperature 100 r' H. 1.100 POOO 0_100 10000 , 0,219 0.219 om om 0]24 

y 

Minimum .{JOliN, .{J,1lO4 NS -MIO)"S .(J,ll) NS -(1,011 NS 
10000perarure 1001' 0,100 0000 0000 1_400 0.000 , 0021 0000 0000 D.liO 0000 

y 

R,H, , .(I ~l2' -M41' -(I 5 10" -(11)1 NS -(I_j11" 
(Moming) 100r ,0 500 00.000 10_1XXI '<00 10_l00 , 

"'" aAgz p," 0.15< G,5]J 
y iOO_OJI - 1.0)lX 11.lll·0.l<l4X 11971-0,I'l1X Il7 90'1- L~19X 

'" ~J.251) NS .{Jl47NS .{J 111 NS .{J.lOiNS .{J,219NS 
IE,,,,ingl 100r 6JOO ". '". <3. , .. , o lii 0.1)6 o ,11 O.2I~ O_lli 

Y 

I oraJ r,," ·0_101 NS -(1,109 NS -1],084 NS -(I_BONS -1],I'IIINS 
1',11 11)(Ir' 1 800 4.400 m IJOO )600 , 0,110 0,214 MI4 om 0,191 

y 

No of -0199N~ -1).211 NS -1].IWNS I),WI NS -D.llS NS 
"iny d,l' ,00; '.000 5_100 1.400 4_040 l_IOO , 0,205 o ;!J' 0,/24 OM! Qt29 

y 

~right O,I71NS 000lNS -(lIJaNS 0,116NS O,I04NS 
",,,hi,, l(Ktr' 1 800 0000 ," ,PO 1.100 

"" l 0_173 0000 0.119 "'00 O_IDl 
Y 

~-.---

"' Not ,i&nLt'" .. t ': ,i&n,lie,nl,t P =0.05," : Significant .. P = 0,1) I 



positive n~ln-significant relations. However, maximwn temperature (only eggs) and 

minimum temperature, evening relative humidity, total rainfall, number of rainy day:. 

(excluding eggs) and bright sunshine hOUTS (only adults) exhibited non-significant 

negmive correlation with the population of H. viginlioc,<)punclata. only morning relative 

humidity s]lo"ed signifu:ant negati .... e C<.Inelatioo. with larvae (r ~ - 0.452, P ~ 0.(5), 

pupae (r = • 0.447, P ~ 0.05), lldult (r = - 0.510, P = 0.01) and overall population (huvru: 

, pupae j adult) oflh~ heetle (e = - 0.517, P = 0.01) 

4.5 Seasonal population trend of H. vigillfioclOpunctata on brinjal during 

1999-2000 

Data on field population trend of H. viginrioclopuncla/a (Table 9) along with the 

prevailing meteorological data (Appendix ti) for the crop season are shown in Figure 5. 

Adults and egg masses of H. viginlioclopunctata were seen during the st'Cdling 

(S) stage of the crop, in the fourth week of November (25 November), registering ~ 

population of 0.23 adult~ and 0.20 egg masses per plant. On December:. tlle populatiOl! 

reached to 8 level of 0.16 egg masses, 0.30 Jatvae and 0.60 adults per plant. On the next 

sampling Wile (9 December) when the crop entered early vegetative (VI) stage, the egg 

mass~s totally disappeared, while larval population increased (0,53/plant) and adult 

popUlations fell down to \}.43iplant. From there onwards, larvae and adult population 

further decr<lased (0 levels of 020lplant and O.IO/plant, re~li~el)', in the WId week of 

December (23 December). On this dale, pupae were nOli~eable in the crop ",itb. a density 

of 0.16 pupae/plant bill disappeared after orte week. La.val stages disappeared one week 

before disappearance of pupal stage i.e., on 30 December. From Dud vegetative (V2) 



Table 9. Seas.mal population trends " H. vigintioetopunctata "d extent " parasituation by Tetrastiehus sp. and P./ol'f!ofatus on brinjaJ during 1999-
2000 

Sam~ling dale Crop 'Populalioo densit)' of Em! of parasitizatloo 
gro"~h H .igi"IIQC:lop1illCIalO (%) 
,Iagf (~oJ1 branchf.\J Tllraslichll.! sp. P jonD/alll.! 

E. "", Pupa Adult E. "", "", 'p' 
November )5 0_10 0.00 000 0,23 0.00 0.00 0.00 0.00 

,,",k< 1 015 OJO 000 0,60 0.00 0.00 000 0.00 

0 V, 0,00 OjJ 0.00 0_4J 000 0.00 0,00 0_00 

16 0.00 MD 0_00 OJIi 0.00 15,00 000 000 

1) 0.00 0,20 0,16 O_W 0.00 0,00 000 000 

JO 0.00 0,00 0,10 Oil 0.00 0.00 000 000 

Jan"ill}' 6 V, 0.00 0.00 000 Oll 0.00 0.00 0,00 000 

Il 0.00 0.00 000 0,20 000 0.00 000 0,00 

10 0, 0,00 0.00 000 056 0.00 0.00 0,00 0,00 

11 R, 0,13 0.00 000 0_80 0.00 0,00 000 0,00 

Februill}' J R, O.4J 0,20 000 OjJ 7.00 0,00 0.00 0.00 

10 OJ1 0.46 0,00 Oj8 18.75 17.40 0.00 0.00 

Il R, 010 0,61 0,00 0." 30.00 20,60 0.00 0.00 

14 0.48 0,95 000 0,8J JI15 2410 000 0.00 

March 1 U6 UO 066 09] 14.10 2210 0.00 000 

0 0." W 1.08 0,69 43.75 2LJ4 000 lHO 

Il OJI 8.16 1.95 lJ2 38.10 22.10 g,60 27.lS 

14 R, 0.16 11.80 510 2,19 18.15 24.(16 1,80 117O 

J 1 000 2_16 J_% 2,63 0.00 0.00 1850 11,17 

April 7 0,00 000 IJl 286 0.00 0.00 000 17J4 

14 0.00 0,00 OJIi 0.62 0.00 000 000 8JO 

11 0.00 0,00 0,00 0_13 0.00 0.00 0.00 000 

Mean of 30 samples 
• Data represent mean population/plant upto V I stag~, and mean populalion!2 branches in 

other stages 
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stage to late vegetative (V 3) 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.S0 12 branches (24 March) and 5.20/2 branches (24 March), 

respectively. Adult beetles since their first appearance, were almost always present in the 
I 

crop till they attained climax at the fruit ripening (Rs) stage, in the first week of April (7 

April). All the stages of the ~tle after attainment of their peak populations declined and 

finally disappeared from the crop in the fruit ripening stage (Rs and ~), 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 enemies on H. vigintioctopunctata population during 

1999 - 2000 

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

Pediobius Joveolatus (Craw) on different densities of H vigintioeropunetata population. 

The parasitoid, Tetrastichus sp. appeared in the crop, when population of the host 

larvae stood at O.SO/plant in the third week of December (16 December) while the 

parasitoid, P. foveolarus initiated their activity lately with 14.S0 per cent parasitization of 

pupae during second week of March (9 March), wlien the populations of host stages were 

at levels of3.42larvae and I.OS pupae per 2 branches. 
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The extent of parasitiution by TetrasTichus sp. peaked with a level of 43.75 per 

cent parasitization ofh051 eggs and 24.20 per cent on early instar larvae on 9 March and 

!4 February, respectively. Its activity was no longer noticed in the field fJom the fourth 

week of March. 

The extent of parasitization by P. JoveoJatus ranged from 7.80 - 18.50 per cent on 

Late in~tar host larvae and 8.30 - 31.70 per cent On hosl pupae. The parasitic activity 

came down to:rero level by 21 April. 

Significant j>Qsitive correlations existed between the extent of plU'Wliti:z.ation by 

both species and population of the prey. 

Pooled correlation coefficients (rp) for 1998 - 99 and 1999 - 2000 crop season 

showed that thl: extent of parasitization by Tetraslichus sp_ bad significant positive 

association with the prey population (r = 0.618, P = 0.01 for eggs and r = 0.414, P = 0.05 

tm .... and, '" 0.7&&, P = (Un forpupac). 

".5.2 Impact of meteorologieal racton on the popIDation of H. ViginJioctoPWlatIJll 

during 1999 - 2000 

Correlation studies involving population of H. vigi1l1ioctapunctata and 

meteorological data (Table 10) indicated that there were positive significall! correlations 

between minimum temperature and adult population (r = 0.512, P = 0.01). Significant 

negative correlations were shown by morning relative humidity with larval population (r 

= - 0.469, P = 0.05), pupal population (r = - 0.534, P = 0.01), with adult population (r =-

0.571, P = 0.01) and ""eOO\ beetle population (f = -IJ.SSO, P = U.IJ\) and bright sunshine 



Table 10. Relationsblp Qf H vigintioctopullctata populaliou wilh mctc(lroJogica:/ 
factors during 1999-2000 

M'I«lI\liog R.loIion- H ,jgIllIWCIopwr<l'in p"pulabondu"'Jg 199').1000 
~.Ifactm ShLP -

smTim" 
<=, ... Adull Co ~+Pupa+Adult 

Ml\11llIlIl , .(I.DOINS O.JJ6IlS O.JIGNS -(),2~JNS O,III)NS 
\Om~\iJIt ](lOr "'" '"'' .'" S5iS BIO 

Z ".'" 0.)50 0.)20 OJ04 om 
" OJ591!S ~)OI)lS 01951!S -tllfll!S (tlliNS 
Y 

..,inlmum , , O,(jf,NS O.JS'NS Oll," .(I,02JNS OJJONS 

"'"~ture 100.- l.'DO 14_61)1) 16.)00 ,000 "" Z 0,:10 "'" ""' 0023 "'" '. D, iO)NS o 17lNS O)~INS .(t l'iNS o 140NS 
y .O_i6INlI]()X 

'" 
, 4),<\09' .(t,534" .(l,llI" _jJ,122NS .(IjSO" 

(M-1m~1 ,00; 2200II !U/){) E6DO IDA/){) "", 
Z 0110 0.594 O_~IO OJ)l 0,620 

'. .(1,400' .(t,415" .(1,537" .(I,lil-lNS .(t lJO" 
Y JIJO).(I.l99X li), 7'lIJ.(j ,114X 12,iiS--IJ.I19X llJOI.(l74JX 

'.H , .(t 2..'llNS .o_21il/NS .0 16:N5 .o.oums .o.2J4N~ 

(EI<,"ng) lOOe H. 0." 1624 0.000 ""' Z Wi 0.161 0_161 0.000 0.14~ 

'. .(I,140NS .(I,lliNS -O)g7NS -O_lliNS .(t,mNS 
y 

Tc:4.1 mn • .(I01INS -11.06iNS -D OOINS -D_OO9NS -OOlONS 

'" lOOr' "'" 0.<62 0.000 0000 0"" 
Z 0_011 0,061 '000 0000 n.Q10 

'. -D_I19NS -1Ll49NS -D.047NS .(I,OlINS -D_147NS 
Y 

);0, of , Q,II7NS Q,looNS D,2llNS O,ISONS 0_14)NS 
"'10) d.)" ,a.' L4DO '.000 5.!ill ". 2_100 

Z G,II~ 0,100 0.242 0_111 0,14~ 

'. -i/ lo2NS -i/,115NS W3NS ~J/}(//(S 4,I99NS 
Y 

Blighl , .0 ,jONS .o_ll~NS -D,411' -DJ19NS -(llI4NS 
""n,", 100,' 6.]00 ZZ" 19 Iii 5.300 9 il9 

"" Z ljllS O,l~ Q,~ro OlJO OJ1!) 

" .IJ.W6NS -D,llINS ..I]_mNS -01:lJNS -DJIINS 
Y 112J-OI!IX 

NS: Not ,ignif"~nl ' ' SLgnlficant ,I P ~ Q Q5, •• : SignifiCant.1 P " 0 01 
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hours with the adult population (r = - 0,438, P = 0.05). None of the other abiotic factors 

showed significant correlations with the population of H. viginlioaopunctata. 

Pooled correlation coefficients (rp) for two seasons showed negative significant 

relations between morning relative hwnidity and 1alVa! population (rp = - 0.460, P = 

0.05), pupal population (rp = - 0.485, P = 0.01), adult population (rp = - 0.537, P = 0.01) 

and overall population of the beetle (larva + pupa i adult) (rp ~ - 0.530, P = 0.01). 

4.6 Seasonal population indices of H. vigintioctopunCIQla on brinjal 

The population of H vigimioctopuncrafa was found 10 be below the seasonal 

average (1.2412 branches) upto the second fortnight of January since the time it appeared 

in the field (Table I! and Figure 6). Their population was more from the first fortnight of 

February to second fortnight of March. Similarly, the seasonal indices worked out for 

the,e fortnights were also high. The highest seasonal index of 400.00 was found for the 

first fortnight of March, in which population peak was recorded during 1998 - 99. 

4.7 Prcdlltory efficien~y of adnh ~occiDeliids on A. gossypii 

The predatory efficiencies of Coccinella repandil Thunb., Menochilus 

sexmaculatus F. and Micraspis discolor (F.) were studied in the laboratory. The results 

are ShOWil in Table 12. 

Predatory efficiencies of the coccinellids were studied by offering separately ten, 

twenty, thirty, forty and fifty numbers of A. gossypii (all stages) to 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 by 



Table 11. Seasonal indic~s of H. vigilllioctoputlc/llia population on brinjal 
~-----~ 

Month Fortnight 'PopulatlOn density (no.12 branches/plant) Seasonal 
during crop season Index 

1998-1999 1999-2000 M,= 

October II 0.48 0,00 0,24 19.35 

November 0.66 0,00 OJ3 26,60 

II 0.78 0,08 0.43 34.70 

December 0,71 0.31 0.51 41.13 

Il 0.\6 0.15 0.15 12.10 

January 0.12 0.05 0.08 6.45 

II 0.37 0.23 0.30 24.20 

February 2.35 0.29 1.32 106.45 

Il 5.34 0.51 1-92 235.50 

March 8,66 1.26 4,96 400.00 

11 3.14 4.88 4.01 J2J.J9 

April 0.68 0.92 0.80 64.52 

Il 0.17 0,04 0.10 8_iNi 

Mean 1.82 0.67 1.24 100.00 

No. ofbeetlcslplant during November and D<'cembcr (3J and V I stage of the crop) and 
no. ofbeetles12 branches in rest of the months 
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Tablt 12. Pndatory efficiency of adult coccincUid predatllnl ._._ 
Pr~datQr Predalruy efficie]]cy (%) M= 

No. of A, gQSsypil offeredl24 h 

JO 20 3D " 
(' TeMJJIiJJ 100.00 100_00 87.78 74_90 59.70 84.51 ('Xl.OO) (90.00) (69.54) (59.93) (50.59) (52.01) 

M .\'exmucu!u!II.I' 100,00 79.44 54.80 41.39 33_11 61.78 (90.00) (63.1)4) (47,75) (40m) (35_12) (55.19) 

M. discolor 100.00 56_11 40.37 30.28 25,44 50.46 
(90.00) (48.51) (39M) (33.44) (30.29) (48.46) 

S.f:.d;± NS 0.620 0.784 0,671 0.529 0.339 

CD(P"'O.05) NS 1.51a 1.918 1.643 1.295 0_831 

CD(p~o_orJ NS 2.298 2,906 2A87 1.961 1.258 

Dala oosed IJJl ilire" repJiI;;atioDs 
f'igun,s in the parentheses are angular values 
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Plate 21 . A brinjalleaf infested by Ii. K(IS~ypi; 
Pla(~ 22. A brinjAI leaf infestetl by H. l'igintio(:(flpun<:tata larvae 
Plat~ 23. A brinjal It·af infested by H. )'igint;{I{,:(t)pun,ctuta adult 
''''(tte 24. An xdult (If C rePJIlldll 
Plate 25. An adult of M . sexmllCU/litU$ 

l'lat~ 26. An adult of M. discolor 
Plat"! 27. An adult of Tetru:;tichus sp. 
Plat<, 28. ~n adult of P. 10v.o/41"$ 
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C repanda and lowest (50.46%) by M_ dIscolor for alllevds of prey dellSity. The results 

aho indil'.'IIted that me "ffic;encies oft\>': predatm~ Vi'"'' non ",isniflc1\\\\ wilen they were 

utTered ten numbers of prey. But when the level of prey density incl<:ased to twenty, 

lhiny. forty and lifty per adult coccinellid, the efficiency of predation significantly 

llifkred al P -- 0.01. Highly significant difference in mean predatory efficiency indicated 

thai (- ,-epanda was the mOSI efficicm predator of A. gOSSVl'iI followed by 

,\1 ,n",ucu/alus and M, dIscolor. 

4.S SIl~tiaJ distribuliun pattern 

~.tI.1 SI,alial distribution paltel1l of A. gossypij nymphs On briojaJ during 1998-99 

-n,,, parameters relaled 10 me distribution of A. go!!s)pli nymph~ (lll brinjal are 

>tL!nmarized in Table 13. 

I he nymphs of A_ gossypii appeared in the crop during the secnnd week of 

OClt,b>~r, '1'11.(:(1 the crop "'as at seedling (SJ) <;!.age with a p"puta\il>n den~it) of 6.91 

"yn'i,j":pla1l1 ill plant msp~ction method-l (PI(A)-l] and 6.98 nympllsJplanl in plant 

;'hr~c·tion mdhoo-2 rp!(A)-2]. The population gradually Increased 10 attain a peak 

t.l~.l.l nymph;J6 I~aves) in P!(A}-I and [51.70 nympllsl9 leaves in PI(A)-2] on 21 

.I,,,,u:uy during flowering (R,) stage of the crop. Thereafter, the population starred 

decrcasmg. In both the methods, the variance to mean ratios were g,rea(e( than unity for 

nYIHI,h,. indicating dwnped distribution. However. low values ofral,o, «1) were also 

()hta"l~d hy both methods during S) stage (14 October and 28 October), which indicated 

tcnd<:ncy towards regular distribution. The exponent 'k' ranged from -22.88 to ·9.11 

duri'lg the month of October and 1.701032.00 dwing rest of the months for both the 
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sampling methods, '[bere "ere I S cases where 'k' value. were less than eight which was 

indica(i~e of high amount of clumping and in nine other cases, k was greater than eight 

which signified low clumping. There were positive indices of clumping in all the 

sampling dates and m~thods except for 14 October and 28 October in both the methods, 

whic'h inJJ<'JleJ aggregated distribution of D}mphs. The results of me.m cJ"Qwdlllg, 

Lloyd'. palchmcss index and mean colony Size confirmed the comagious natl.lIe of 

distribution. M~an c!mnp si~ computed for the nymphal population showed that the 

valuc~ we", greater than two for most oflhe ca~es which signified Ihm 'he clumping Was 

due 10 both envirollIllenta.i heterogeneity as Well as intrinsic behaviour of A gossypu' 

[I)'111ph5, However, at fruit ripening (R 0) stage (\ April) the clumping was due 10 micro 

environmental heterogeneity when sampled by PI(A}I, as the mean dump size was 

e>.:ac/ly two, 

lwao's patchiness regressIOn for Pl(A)" 1 and Pl{A)-2 methods were 

X*- 0_616+1.020X (Figure rA) and X*=0.65';h 1_049X (Figure 7]J) re,pcctively, which 

re~""kd that there was a positive association among nymphs. The indices of baJiic 

""'lIagi01l suggested that Ole n}'TIlphs had a tendency of colony formation. As the density 

contagiousness co-dficients (1.020 and 1.049) were greater than unity, the nymphs were 

uver-dispersed in the brinjal crop. The co-efficlents of determinat;\)n (R2) were 99.1 and 

99.7 per cent under rl(A)-1 and PI(A)-2, respectively, (Table 14), Significance of F tellts 

cunfirmed good fitness of these models. 
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The regression based on Taylor's power law for the nymphs of A_ gossypii_were 

log S'=O_067 + Ll44 log X in PI (A)-l and log Sl=O.051+1.263 log X in PI{A}-2, shown 

in Figure 8A ~nd 8B, respectively. 

Index of aggregation values of these models were found to be mort than one, 

which 'ignifies the aggregated distribution of the nymphs. Rl v~lues shown in Table 14 

,ontirmed that there wCrc 70,00 per cent afdata ofPI(A)-l methods and 8150 per cenl 

(If data of Pl(A)-2 methods fitted to the linear regression models based on Taylor's power 

la'W , 

".S.2 Spatial distribution pattern of A, gossypij adults on brinjal during 1998-1999 

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

for spatial distribution of A, gossyp;i adults of both apterac and alame. 

The adults of A. gossypii appeared in the crop during second week of October 

with a density of 3.67 apterae and 0.40 alatae per plant in PI (A)_[ and 4.56 apterae and 

0.37 alatae per plant in PI(A)-2 methOd when the crop was in seedling (SJ) stage. The 

aptemus adult population rose to peak in Rl stage (flowering) in ,be third week of 

January [17.13 aduitsJ6leaves in PI(A) - I and \6.30 adults/9leaves in PI(A) - 2]- Alate 

adults on the other hand, peaked during first week of April [1.86 adultsl6 leaves in PI(A} 

I and 2.08 adultsl9 leaves in PI{A)-2] at the declining stage (~) of the ~rop. From there 

onwards, the adult poptdation showed a declining trend. In all the Jnethods of sampling, 

the variance to mean ratio exceeded lillity in almost all the occasions, which indicated 

contagions nature of distribution for both aplerous and alate adults. The values of 

exponent-k for majority of the samples were less than eight which indicated that a high 
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degree of contagiousness among adult populations. Larger 'k' values P-8) in few 

,ampling occasions in case of aplerous adults signified that there was a low level of 

clulllpmg. It meallS thai some population of adult apterae had II tendency towards 

randomness al higher den.ity of population. The clumped nature of the adult population 

could also be described by the positive values of dumping indeJl, higher meilil crowding 

\IN<:);' ili:~!1 meaD. population deru.i\)' and Lloyd's patchiness indel!. peater than unity in all 

the sampling occasion except on 14 and 28 October. The values of mean clump size for 

the seaSOll were greater than two in case of apterous adults, which revealed thai the 

aggregation was due to both environmental heterogeneity the crop field as well as 

intrinsic behavior of A. gossypii adults. However, this values « 2) for half of the cases in 

alate descnbed that clwnping was also due to micro-environmentlll heterogeneity. 

Iwao's patchiness regression suggested that there was a positive association 

among apterous adults 'n PI(A)-l (X. ~ 0.358 ... 1.024X), and PI(A)-2 (X· = 0.982 + 

0.989X) and, alate adults in PI(A) - I (X· ~ 0.095 + L516") and PI(A) - 2 (X· = 0.081 

.,.. 1.486X) which are shown in Figure 9A and 96 (apterat:) and Figure 9C and 90 

(alatae). 

The indices of basic contagion {O,358 and oms in PI (A)-I and 0.982 and 0.081 

in PI (A)-2] were greater than zero, and this indicated that more than om .. individual 

form.w. the =p=en, of basic contagioo. The demit)' contagiousness co-efflcients were 

g;reater than unity in aU sampling methods except PI(A)-2 (apteroLLS adult). This indicated 

that the colonies would tend to over-disperse in an aggregated pattern, while smaller 

coefficient (<:: I) indicated that the colonies were not over-dispersed. lhe models 
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explained 92.2 to 98.6 per cent variation in adult dispersion in all cases as CQnfumed by 

significant higher values of Rl (Table 14) al p."O.ot, assured good fitness of these 

models. 

Regression based on Taylor's power law were log S2 = - 0.032 + \.323 log){ in 

PI(A) - 1 (Figure IDA) and log Sl = 0.189 + ),084 log}( in PI (A) - 2 (Figure lOB) for 

aplerous adults and log S2 = 0.186 + 1.197X in PI(A) - 1 (Figure IOC) and log S2 = 0.185 

,. 1.206)( in PI (Al - 2 (Figure 100) for alate adults. This suggested that the distribution 

of adults in both sampling methods was approaching contagiousness. The values of R2 as 

shown in Table 14 confirmed that 71.3 to 98.6 per cenl variation in adult dispersion could 

be explained by the Taylor's power law model and the significance of F values (Table 

14) al P = 0.01 further confirmed that the model showed good fitness in both the 

sampling methods. 

4.8.3 Spatial dutributioD pattern of A. gossypii nymphs on brinjal during 1999-

2000 

The statistical parameters related to the spatial distribution of A. gossypii nymphs 

on orinjalafe presented in Table I 7, 

On the first day of sampling (II November) nymphal population was 2.73lplant 

in PI(A) - I and 3.l2/plant in PI(A)_ 2, when the crop was at S3 stage. The population 

attained the peak [8.53 nymphsJ61eaves in PI(A) - 1 and 9.50 nymphsJ9leaves in Pl{A) 

2] during flowering (R)) stage of the crop on 18 February. Thereafter, the nymphal 

population followed a declining trend. The variance to mean ratios for the nymphs were 

invariably more than unity on aU the sampling occasions, signitymg clumped 
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distribution. The values of dispclrsion parameter (k) were found to be less than eight in all 

the sampling dates, whicb clearly suggested high amount of aggregation. Simultaneously, 

values of David and Moore's index of clumping, mean crowding index, Lloyd's 

patch.iness index and mean colony size aloo exhihited the aggregative nature of 

distributiun of the nymphal population. The values of mean clump size were found to be 

greater than two during the sea~on except one observation whichjustitled that the causes 

of aggregation are enviromnenUll effect and the active behaviour of A gossypii fl)'TIlphs. 

Iwao's patchiness regressions were worked out as X· = 0.790 + 1.871X in PI 

(Al I and X· ~ 0.989 + l.874X in Pl(A) - 2 (Table 14) and these are graphically 

pre"ented in Figure llA and Figure lIB, respectively. 

TIUl indices of basic contagion (> 0) and density contagiousness coefficients (> 1) 

found in these two models explained that the distribution was contagious. Per cent 

coetficient of determination (64.10 to 75.10 per cent) with significant F values (P = 0.01) 

\Table 14) indicmed good fit of these models wl\h the smnpling methods. 

Regressioru; based on Taylor's power law were log Sl = 0.191 + 1.8041ogX in 

PI(A) - 1 (Figure 12A) and loS S2 = 0.068 + 1.912X in PI(A) - 2 (FigII«' 128) and the 

values are tabulated in Table 14. 

Tbe indices of aggregation were found to be greater than unity in all the sampling 

methods. R1 ranged from 0.821 to 0.885 in all the sampling methods which was an 

indication that 82.10 10 88.50 per cent of variation in distribution of nymphal population 

could be el<plained by the Taylor'S power law models. However, good fitness of the 
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model was oonfirmed by significant F values (Table 14) at p ~ 0,01 in all the sampling 

methods. 

4.8.4 Spatial distribution patcern ofA. gossypii adults on brinjal during 1999 - 2000 

Statistical parameters describing the nature of dispersion of A. gos$ypii adults are 

presented in Table 18 and 19. 

Ole adults of A. gossypii appeared in the brinjal field during the second week of 

November at the seedling (S3) stage of the crop. The peak population density of the 

aptemus adults Were attained al a level of 2.26 adults/61eaves in PI (A) -\ on 2 March 

and 3,60 adultsl91eaves in PI (A) - 2 on 18 February at CrUll initiation (Rl ) stage of the 

crop. Alate adults on the other hand, reached their peak on 14 April [1.46 adultsl61eaves 

in PI(A) - 1 and 1.65 aduJts/9 leaves in PI(A) - 2J when the crop was in declining stage. 

The value. of variance to mean ratio over one were an indicative of clumped distribution 

in almost all the sampling dates except one or two occasions during November. In none 

of the sampling dates, the values of 'k' were found greater than eight, signitying high 

degree of clumping in the case or'both aptefOus adults and alate adults. Similar types of 

distribution were also explained by the David and Moore's index of clumping, mean 

cro",ding index, Lloyd's patchiness index and mean colony size. The values of mean 

clump size were greater than two in 16 cases out of20 cases for aplerous population and 

7 cases out of 14 for alate adults, which revealed that the clumping of adults was llllIinly 

due to environmental variation in the crop field as well as behaviour of the adults. These 

vaJue~ less than two in the case of alatae suggested that clumping was also due to micro-

environmental heterogeneity. 
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]wao's patchiness regressions for A_ gOS$ypiI adults were found as X· = 0.356 + 

1.320 X in PI (Al - 1 and X* = -1.366 + 2.390 X in PI (Al - 2 for apterollS adults and X· 

-_ 0.025 + 1.433 X in PI(A) - 1 and X· = - 0.062 + 1.539X in PI (Al - 2 for alate adults, 

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

The indices of basic contagion (O.356, - 1.366, -0.025 and -0.062) indicated that 

lht adults had a tendency of colony fonnatioo in one case when sampled by PI (Al - 1 

but lends 10 be distributed singly in a regular manner in other three cases. However, the 

density contagiousness coefficients [1.320 and 2.390 (aptarae) and 1.433 and 1.539 

[alatae») dearly confIrmed that the adults would tend to over disperse al big)ler densities. 

F-tes! found to be significant at P =' 0.05 level, signified good fit of the models with 

different methods of sampling. 

Regression for Taylor'S power law were worked out as log S2 ~ 0.131 + 1.329108 

X in PI (A) - I and log S2 = 0.153 + 1.508 log X in PI (A) - 2 (apterae) and log S2 = 

0.079 + 1.07SX in PI (A) - I and log 82 = 0.102 + 1.269X in PI (A) - 2 (alatae), 

represented graphically in Figure l4A and 14B, and figure l4C and 14D, respectively. 

The values of index of aggregation were found to be invariably higher than unity 

In all the cases. This indicated that the aggregations were distributed in a dumped 

manner in the brinjal crop. The R2 values (Table 14) indicated that 59.10 _ 71.40 per cent 

and 86.50 - 89.10 per cent variation in dispersion of both apterous and alate adults in PI 

(AJ - I and PI (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-te~t, 

which was significant at P = 0.01 level of probability, 
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4.8.5 Spatial distribution pattern of immature !tllges of H. "Igintiocropuncww on 

hrinjal during 1998 ~ 1999 

The parameters con~eming the distribution pattern of egs clusters, larvae and 

pupae of H. vigintioctopuflc(ala are presented iu Table 20, 21 and 22. 

The immature stages of the beetle were first noticed in the field in the form of egg 

clusters (1 J November), larvae (14 October) and pupae (28 October) when the crop 

altained II stage between S, and V \. The peak density of egg c[lli.lers. [0.96/2 btlln'.!hes in 

PI (L) - 1 and 1.25/3 branches in PI (L) ~ 2J, larvae population [23.2012 branches in PI 

(L) - 1 and 37.30/3 branch~s in PI (L) - 2] and pupal population [8.1312 branches in PI 

(L) - 1 and 10.7513 branches in PI (L) - 2) was found in 18 February, 4 March and 18 

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

The variance to mean ratio of egg cluster population was found to be less than 

lIDity in eight different cases for aU the sampling methods, This was indicative ofrarnklm 

deposition pattern of eggs by the adult. With the increase in number of egg clusters, there 

appeared to be some degree of aggregation of egg clusters as seal from the remaining 

values of the ratios. All the larval and pupal stages of the cocdnellid beetle showed 

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

The value of the dispersion parameters 'k' for egg clusters was low « 8), which 

indicated a fairly high degree of clumping from November till first week of March, and 

the remaining part of the sellson, they exhibited random distribution. For all the larval3IId 

pupal stages of the plant, the 'k' values stood below eight in almost all the sampling 

occasions except one or two, when the popubtion was at its higher mean dern;ities. It 
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proved high amounts of aggregation among the population of larvae and pupae. 

Continuation of the {esults of dispersion was also found from the findings of David and 

Moore's index of clumping, mt'llIl crowding index, Lloyd's patchiness ind .. " and me8J1 

colony size. SiJnilarly, mean clump size also CDnfinned this observation. Mean clump 

sizes greater than two wer~ fOWld in majority of cases for larval and pupal population and 

majority "fthe egg cluster COWlts, where clump sizes were less than two, which indicated 

that the clumping of egg clusters could be due to the micro--envirorunentaJ heterogeneity 

in the brinjal fields and Clumping of larvae and pupae could be due to the behaviour of 

larvae and pupae and environmental Vtlriatton in the crop field. 

Iwaa's patchiness tegtesSIDn$ oompu.ted Ul\der PI (L) - 1 and PI (L) - 2 methods 

to[ II. vig,ntiOc!QPuoctofo egg cl~\eIS (X· ~ ·0.136 .". J.'iI)SX and X'" "" - 0.056 + 

1.69I:\X), larvae (X~ = \).465 + L\lO'X and X* = D524 + l.l;lX) and pupae (X* = 

- G.l \(\ .,_ \ .949X and X" =' 0.004 + 1.317X) are shown in Figure 15A and 15B, l5C and 

15D, and 1 SE and 15F, reSJ:=tively. 

In the clIse of egg clusters in both sampling methods and pupac in PI (L) - I 

method, the indiC<ls of basic contagion were less than zero, which clearly indicated that a 

single egg cluster or pupae form the basic contagion of the colony Or regularly 

distributed, However, the indices in case of larvae ill both the sampling methods and 

pupae in PI (L) - 2 method were less than writy, which signified that th~ larvae and pupae 

were not disperSed ill an aggregated manner. The RZ values (Table 23) indicated that 

76.50 - 99.30 per cent variatiOJl. in dispersion of immature insects in al! the sampling 

methods could be explained by the Iwao's patchiness regression model. The values of F 
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(Table 23) which were signifiCllllt at 1% level of significance, confimted the goodness of 

fit oftbe models, 

The regression eqUlltioll based on Taylor's power Jaw we .... log 52 ~ 0.091 + \.154 

log X in PI (L) - I and loS S~ '" Q,093 + [,178 log)( in PI (L) - 2 fOT egg CIUSWIS, log S2 

~ 0.189 -+ 1.247 log){ in PI (L) -\ and log S~ ~ 0.114 -+ 1.4511ogX in PI (L) - 2 for 

larvae alld log Sl '" 0.237 -+ 1.479 logX in PI (L) - I and log 51 .. 0.1 11 + 1.312 logX in 

PI (L) - 2 for pupee are shown in Figure 16A and 168, 16C and 16D. and 16E and 16F, 

respectively. 

The indices of aggtegation were fOUDd to be invariably higher than one in all the 

cases, which indicated. thaI the aggregation were djstributed in a clumped manner in the 

brinjal crop. The Rl 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 signifiCllllt F test (Table 23) at P '" 0,01 continued goodness of fit of these 

models. 

4.8.6 Spatial distribution p.tt~rn of H. lligintioctopllnctatll adults Oln bonja) during 

1~8-1m 

Table 24 shows that statistical parameters for spatial distribution pattern of H. 

v;gim;OClopu!lCtala adults on brinjal crop. 

The adults was first detecled on 14 (){;tober, when the crop was al the seedling 

(3J ) stage. The peak adult population (3.53 aduit/2 branches in PI (A) - 1 and 7.10 
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Table 23. Taylor'. power I.w ~d IWHO'S patchiness rwesswn parameters for 
spatial tlistribution of H. vigilltioctopullctato during 1998-99 and 1999-2000 

Crop Sampling 
season method ------
1 'l'l8·9') Pl(LJ-1 " b 1.247' 1.479' 1.462' l.IS4' 

R' 0.963 0.935 0.891 0.921 
F 311.89" 173.41" 97.74" 138.99" 

Pt{L)-2 • 0.114 O. \ I 1 {).0%9 0.093 
b 1.451' 1.312' 1.162' 1.178' 
R' 0.955 0.923 0.838 0.816 
F 252.30" 144.75" 61.88" 53.29" 

1999-2000 Pl(1,J-\ " 0.240 o 163 0285 0_079 
b 1.590' ].541 ' 1.244' !.l02' 
R' 0.917 0.834 0.808 0.847 
F 110.83" 50.39" 41.99" 55 56" 

PI( U-2 • 0.202 0.144 0.156 D.W7 
b 1.662' 1.532' 1.158' 1.150' 
R' 0.923 0.887 0.768 0.824 
F 11<).14" 7S.24" 33.109" 46.66" ----_. 

lwao's patchiness regression 
----- ~----

1998 99 Pl(Lj_1 a 0.465 -0.110 -0.191 -0.136 

P 1.110' 1.949' 1.592' 1.835' 
R' 0.993 0.991 0.918 0.931 
F 1718.30" 134L38" l}4.44'· 16\.84" 

PI(L)-2 a 0.524 0.004 0.252 -0.056 

P 1.151' j_J 1 7' \.069' 1.698' 
R' 0.986 0.957 (J,930 0.765 
F 843.65" 26')_10" 159_72" 3897" 

1999-2000 PI(L)-I a 0.250 0.130 0.274 -0_128 

P J.881' 1.559' L273' 2.512' 
R' 0.965 0.846 0.669 0.943 
F 272.545" 54.96" \ S.2\" 148.67" 

1'1(1 )-2 a 0.485 0.101 0.347 -0.145 

P 1_632' 1.815' 1.100' 2.486' 
R' 0.975 0.990 0.803 0_940 
F 394.87" 962.14" 36.71" 142.11" 

•• SignitlcaJlt at P ~ 0.01 
, Clumped 
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adults/3 branches in PI (A) - 21 was recorded on 18 March when !he crop attained 

truiting stage. 

The variance to mean ratios were greater than unity for 19 cases out of 28 cases, 

indicating contagiousness of distribution of adults. The exponent 'k' vaiU<lS were low 

«8) in almost all the sampling dates, indicatiftg a fairly high_ degree of clumping, except 

a few sampling dates where values of 'k' was found negative, which signified regularity 

of distribution of adults. David and Moore's index of dumping were also positive in 

those cases, where, the distribution Wll!I found aggregated by the other statistical methods. 

SimilarlY, Lloyd's indices of mean crowding Md patchiness index wert: indicative of the 

previous results. Mean clump size less than two were found during early, mid and later 

part of the crop season, which suggested that the cJumpings were due to envirorunental 

hderogen;:ity in the Cl'0J' field. Hi~ clump size (:>2) in remainitlg part of the crop 

season justified that c1wnping was due to environmental heterogeneity as well lIS a~tive 

behaviour oftlie adults. 

Iwao's patchiness regressions for H viginliocfOpunc({Jla adults 1mdel' PI (L) - 1 

and PI tL) - 2 :;ampling methods were X· - - 0.191 + J _592X (Figure 17A) and X· -

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

The indices of basic contagion (- 0.191 and 0.252) being Jess than one suggested 

thai the adults had a tendency of colony formation. But negative index in PI (L) - 1 

method suggesled that a single adult formed the basic contagion of the colony. As the 

dellsity oontagiouroess coeffident (1.592 and \ .069) wtTe greattT ili-.m unity, the adults 

were found to be over-dispersed. The R2 values as shown in Table 23 signified that 91.80 
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'" and 93.00 per cent variation in adult counts for PI (Ll - 1 and PI (1) - 2, respectively, 

could be explained by the Iwao's patchiness regression model. The fitne~s oftbis model 

"as tested by computing F values (Table 23), which were found to be significant (P ~ 

0.0 l) and hence, confirmed goodness nffit of the models in all the sampling methods. 

111e regressions computed for H viginlioctopunclala adults based on Taylor's . - . power law were log S = 0.153 + 1.462 logX in PI (Ll - I and log S = 0.089 + Ll62 

logX in PI (L) - 2 are depicted in Figure l8A and 18B, respectively, 

For all the sampling methods, the indices of aggreg!Won were IUgher than unity 

and Ihis indicated that the aggregations were over-dispersed on the crop. The model was 

fQund 1<.:1 be fit beca\lSe it expAained 1\3.3Q to 89.10 per cent variation In adult distribution 

as evidenl by higher R2 values (Table 23). In addition, ~ sisnificant F v~w:s {Table 23} 

at r ~ 0.01 confinned goodness offit of the models in all the sampling methods. 

4.8.7 Spatial di,triburioD pattern oCtile immatu~ dages of H. ~igmtioctap"l'Iclllt4 <m 

brilljal during 19911- 2000 

Stlitistica[ parameters describing the nature of dispersion of eg& clusters.. larval 

population ad pupa! population of H. vlginliQcfopunctala are presented in table 25, 26 

and 27. respectively_ 

The appearance of egg clusters, larvae and pupae were first noticeable on 25 

November (S3 crop gnlwth stage), 9 December (VI crop growth stage) and 23 December 

(V I crop growth stage), respectively. The attairunent of peak popul"tion density WIder PI 

(L) - I and PI (L) - 2 sampling methods for egg clusters (1.36 egg clusters12 branches 

alld 1.55 egg c1ustern/3 branches), larvae (8.16 JarvaeJ2 branches and 10.20 larvae13 



133 
branches) and pupae (3.96 pupae12 branches and 4.28 P\lpae!3 branches) were recorded at 

R" It, and R, stages of the crop, respectively, during February - March. The variance to 

mean ratios calculated were less than unity in egg cluster counJS and larval populations 

tor a single occasion, whereas the rest of the data including pupal COWlts wen: higher than 

the ratios tended to increase with the increase in population densities of all the immature 

stages of the beetle. The highest 'k' values for all the immature stages being 6.00 

. indicated fairly high degree of dumping in all the sampling methods. Similar finding W3i; 

al,o obtained from the statistics of David and Moore's index of clwnping, mean 

crowding index, Lloyd's patchiness indeX and mean colony size. The = clump siLes 

fao.ged from 0,54 lQ 5.43 in = of egg I:.luster counts, 0:1\ to 29.48 in case of larval 

population and 0.58 to 11.62 in case ofpupllll in different observations. It suggested that 

the envirOl)Jllentlli heterogeneilY in the crop field alone or the active behaviour of the 

immature insects in addition were the possible causes of aggregation found in different 

stages of the crop season. 

The lwao's regression model worked out under PI (L) - I and PI (L) - 2 sampling 

methods were in order as X· = - 0.128 + 2.S12X and X" = - 0.145 + 2.486X (Figure 19A 

and 19B), X· = 0.250 + 1.881)( and X" ~ 0485 + 1.635X (Figure 19C and 19D) and X" 

~ 0.130 + 1.559X and X· .... 0.101 + 1.815)( (figure 19£ and 19F) for egg cluster counts, 

IllnIaJ population and pupal population, [es~tively. 

'[he indices of basic contagion (- 0.128 and - 0.145) for egg duster counts 

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

indicated that more than one individual of larvae or pupae formed the OOmpGBent of basic 

contagion and the individuals had a positive association among thcmselvCli. During the 

crop season, the density contagiousuess coefficient was greater than unity for all the 

immature stages of the bwtle in all sampling methods, which indicated that the 

aggregations were distributed in a c1lUnped manner. The Rl values as shown in Table 23 

suggested that 84.60 to 99.00 per cetJ.I variation in the population counts of the inunature 

stages of the beetle in all sampling methods could be explained by the Iwao's patchiness 

regression models. The fitness of these models were tested by computing F values (Table 

23), which were [oood to be significant (P ~ 0.01) and hence, goodness of fit of these 

models were ascertained, 

The regressions describing the Taylor'S power law were computed for immature 

stages of H. vigintioclOpunclata. These equations were log S1 = 0.079 + 1.1021ogX in PI 

, -
(Ll - I and log S = 0.107 + 1.250log X in PI (Ll - I and PI (Ll - 2 for egg clusters, 

logS} = 0.240 + 1.590 logX In PI (L) - I and log Sl = 0.202 + 1.662 logX in PI (Ll - 2 

{or larval population and log S' = 0.163 + 1.541 logX in PI (Ll - I and log S' = 0.144 + 

1.532 log)( in PI (Ll - 2 for pupal population. These models were shown graphically in 

Figure 20A and 20B, figure 20e and 200, and figure 20E and 20F, respectively. 

for aU the sampling methods, the indices of aggregation were higher than Ul1ity, 

which was a clear indication of overdispersed nature of aggregation of the immature 

~tages on the crop. The models explained 22.40 10 92.30 per cent variations in 

distribution of the young beetles as evident from the R2 values (Table 23). f1 test showed 
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highly significant (P .. 0.01) results, which confirmed thai m<xlels had goodness of fit in 

all lhe sampling methods. 

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

1999- 2000 

The parameters related to the distribution pattern of H. vigilJ/lOclopunc/a/a adults 

on brinjal are shovvn in Table 28. 

The adults made !beir appearance in the fourth week of November, when the crop 

was in gmwth stage SJ (seedling). Their population rose to peak (2.63 adults12 branches 

in PI (L) - I and 3.IS adult>!3 branches in PI (L) - 2) in the R5 stage (fruit ripening) 

liuring fourth week of March. In an the methods, the varianc~ to mean ratios were greater 

than \U\ity except in onc sampling dates (9 December). TIlls indicated their 

~onlagiousness of distribution. The values of exponent ok' were found to be less than 

~igll1 in many occasions except in four cases for all the sampling methods, which were 

indicative of a dumped type of distribution of the adults_ The positive values of David 

and Moore's index of clumping for most of the sampling occasions reflected the 

contagiousness of dispersion. The indices of mean crowding also were higher than mean 

population density in similar occasions suggested chunped distribution of adults. 

Similarity ill resuJts were also oblJrined from the statistics of Uoyd's patchiness index 

and mean colony size. Mean clump si'les were greater than two for 8 number of cases in 

all the sampling methods and it may be revealed that clumping of adults could be dut: to 

the behaviour of the adults and environmental variation in the crop fields. However, 
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clump sizeg on 12 other cases were less than two, which indicated that clumping WlIS 

primarily due to environmental variation of the crop fields. 

lwao's patchine~s regressions for H viginllOctopunc/a/a adults were X· ~ 0.274 + 

L273X in PI {Ll - I and X· = 0.347 + 1.l00X in PI (L) - 2: and these are graphically 

shown in Figure 21A and 21B, respectively. 

In al! the cases, the indices of basic <:ontagion were higher than zero, thus 

revealing that there was a positive association among the adults and a group of these 

adults formed the component of basic contagion. The values of the den~ity 

~onlagiousness coefficients exceeded one, indicating dump«! distribution of adults on 

tile crop. Coefficient of detenninalion (R2) values were found to be O.669X in PI (L) - 1 

and O.8QJX in Pl (L) - 2 (Table 23) signi(yiog that 66,90 per cent and 80.30 per cent 

variation in adult distribution, respectively, eQuid be explained by the IwllO's patchiness 

regression model. The values ofF (Table 23), which was significant at I percent level of 

significance, confinned the goodness offit of the modeL 

The regression equations based on Taylor's power law were log S2 = 0.285 + 

l.24410gX in PI (Ll - 1 (Figure 22A) and log S2 = 0.156 + 1.158Iog5{ in PI (Ll - 2 

(Figure 228) for adults of H. viginiioctopunclala. 

The indices of aggregation were found to be greater than one in all the CIl&eS 

indicated that the aggregations were distributed in a ciwnped manner. The R2 values 

(Table 23) indicated that 80.80 and 76.80 per cent variation in dispersion of adults in PI 

(L) - I and PI (Ll - 2, respectively, could be explained by the Taylor's power law model. 
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The values of F (Table 23) were found 10 be significant (P "" 0.01) gave good fit of the 

model in all sampling methods. 

".9 Optimum sample number 

The numbers of samples need to be sampled at a particular time W(luld depend on 

expected densities of the insect population at different precision levels. The precisiQn 

levels of 10 per cent and 25 per oont are considered as the standards for estimation of 

population \knsi!y in lehrtion to e<.:<J\ogicaJ. fIImlits and pest management studies, 

respectively. 

4.9.1 Optimum sample munDen; for A. gossypii n,mphs and adults during 19'JS -~, 

using Phmt iDJpediou Method 

Table 29 s\v;;ows the optimum semple ~ obWned by RuesinlCs model 

(1980) at two levels of precision. 

The optimum sample number>; fur A, gossypii nympbs at to and 25 ~ I:ent 

precision levels were 38 and 32, and 6 and 5 for PI (Al - 1 and PI (A) - 2, respectively. 

While optimum sample numbers for adults were [oWld to be 37 and 35 in PI (Al - 1 and 

PI (Al - 2, respectively. While optimum sample numbers of adults were found to be 37 

and 35 in PI (A) - I and 6 and 5 in PI (Al - 2 method. 

4.9.2 Optimum sample number for A. gonypii nymph!! and adults during 1999 _ 

2000, using Plant Inspection Method 

The optimwn sample number calculated by using Ruesink's model for nymphs 

and adults are given in Table 30. 



Table 29. Optimum sample numben (Ruesink, 1980) for nymphs and adults of A. 
gossypii on briujal during 1998-99 

Sampling date Sampling Optimum sample number (N) 
method 

Nymphs Adults 

C - 0,1 C 0,25 C 0.1 C - 0.25 
October 14 ?I(A)-I 6 1 14 2 

PI(A)-2 7 30 5 
28 PI(A)-I 4 19 3 

PltA)-:! 7 1 41 6 
:-/ovember 11 ?I(A)-I 16 3 32 5 

PI(A}-2 15 2 21 3 
25 PI(A)-I 27 4 66 1 1 

PI(A}-2 28 5 50 8 
December 9 PI(A)-! 25 4 46 7 

PI(A)-2 2J 4 71 11 

23 PI(A)-! 41 7 37 6 
I'I(A)-2 54 9 31 5 

January 7 I'I(A)-I 19 3 52 8 
PI(A)-2 10 2 23 4 

21 PI(A}-I 6 12 2 
PI(A)-2 8 10 2 

February 4 PI(A)-I 10 2 19 3 
PItA)-2 13 2 15 2 

18 PI(A)-I 36 6 17 3 
PI(A}-2 24 4 22 4 

March 4 PI(A)-I 68 11 61 10 
PI(A)-2 38 6 55 9 

18 PI(A)-I 29 5 39 6 
PI(A)-2 24 4 20 3 

April I'I(A)-I 128 21 56 9 
I'I(A)-2 42 7 39 6 

15 I'I(A)-I 117 19 53 8 
_l'I(A)"l 151 26 61 10 . _ .. ----_ .• 

Mean PI(A)-I 38 6 37 6 
1'1(1\2-; 32 5 35 5 

No. of,amples (N) drawn: 
in Pl(A}-1 15 
in PI(A}-2 10 
C ~ O.!O and C ~ 0.25 arc precision levels 



Table30.0plimum sample numbers (Ruc~ink. 1980) for Dymph~ and adults of A. 
gossypii on brinjal during 1999-2000 

Sampling dUll;: Sumpljng Oplimum ~mrlple number (N) 
method 

Nympns Adults 

C - 0.1 C -- 0,25 C 0.1 C '" 0.25 

November 11 PI(A)-I 74 12 71 II 

PI(A)-2 99 !6 52 8 

25 PI(A)-l 56 9 22 4 
PI(A)-2 49 8 34 5 

D~-.:cmber 9 PI(A)-1 109 18 273 44 
P1(A)-2 ISO 24 235 38 

23 P1(A)-1 II 2 93 IS 
PI(A)-2 62 10 73 12 

Janual)' 6 PI(A)-1 2S5 41 246 41 
Pl(A)-2 194 31 lSI 24 

20 I'I(A)-1 95 I 5 172 28 
PI(A)-2 72 12 102 16 

j'cbruary 3 PI(A)-] 184 29 21S 35 
PI(A)-2 191 31 89 14 

IS I'I(A)-1 193 3 ] 79 !3 
1'1(1\)-2 190 30 197 3 I 

March 2 PI(A)·1 241 38 99 16 
PI(A)-2 159 25 148 24 

I 7 PI(A)-1 86 14 66 II 
P[(A)-2 70 II 54 9 

3 I PI(A)-1 266 44 186 29 
PI(A)-2 118 !9 119 19 

April 14 PI(A)-1 567 85 
Pl(A)-2 460 76 

-
M,m 1'1(A)-1 144 23 174 28 

P1(A)-2 122 20 143 23 --------

No_ of samples (N) ura'Wll : 
in PI(A)-I 15 
in PI(A)-2 10 
C - 0.10 and C '" 0.25 are precision levels 



147 

The average sample numbers requiI«! to estimate nympha) population denaitiell at 

10 and 25 per cent pre<:ision le~!s were 144 and 122, and 23 and 20 fur PI (Al - 1 and PI 

(A) - 2 respectively, 

The oplimlUll sample number for A. gossyp/i adult:! obtained at 10 and 25 per cent 

levels of precisions were 174 and 143, and 28 and 23 fQr PI (A) - J and PI (Al - 2, 

respectively _ 

4.9.3 Optimum sample numben for H. viginlinctoP"'R'ttltll during 1"8 - 99', using 

Plaut (nspection Method 

Data on optimum sample numbers calculated 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 and 214 at 10 per cent precision 

levd and 39 and 35 at 25 per cent level of egg cluster in PI (A) - 1 and PI (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 21 in PI (Al - I and PI (A) - 2, respectively_ 

The sample numbers required fur larvae at !O i1IJd 25 per cent precisian level; 

"'''rc 179 and 34 in PI (A) - 1 and 107 and 18 in PI (A) - 2, respectively. 

The optimum number of samples needed to be sampled for pupae at 10 per cent 

precision levels were 241 in PI (A) - I and 140 in PI (A) - 2. A&ain at 25 per cent level, 

these were 35 in PI (Al - I and 22 in PI (Al - 2. 



Table 31. Optimum sample number. (Rue.ink, 1980) ror adults and egg clustu. of 
If. ~igi"lio<'lopunclala on brinjal during 1998-99 

Sampling date Sampling Optimum sample nll1l1ber (N) 
method 

Adults Egg dusters 

C 0.1 C 0.25 C ~ 0.1 C - 0.25 

October 14 Pl(L)-1 119 23 0 0 
PI(Lj-2 129 21 0 0 

28 PI(L)·1 100 16 0 0 
PI(L)-2 85 13 0 0 

November 11 P!(L)-I 14' 22 467 70 
1'1(1.)-2 200 32 500 80 

25 I'I(U-l 275 44 620 103 
1'1(1.)-2 171 27 414 64 

lleccmlkl' 9 I'I(L}-1 242 39 0 0 
1'1(U-2 272 43 0 0 

23 1'1(1.)-1 511 77 0 0 
PI(L}-2 390 43 0 0 

J,muary 7 1'1(L)-1 300 ,. 800 160 
1'1(L)-2 84 14 667 100 

21 PI(L)-1 255 40 255 48 
PI(I.)-2 109 24 217 35 

February 4 1'1(1.)-1 84 14 147 24 
Pl(l_)-:! 75 12 141 22 

18 I'I(J.}-l 115 I • 187 29 
PI(L)-2 54 8 226 36 

March 4 1'1(1.)-1 197 32 2lJ 35 
PI(L}-2 51 8 64 10 

18 PI(J.}-1 82 13 208 34 
1'1(\.)-2 23 4 112 21 

April P1(L)-l II 2 192 31 
I'I(U-2 62 10 110 22 

16 PI(L}-I 219 35 90 IS 

I'I(L)-2 109 17 500 100 ---- - _ ... 

Mean P1(l)-1 191 30 227 39 
p~t!.}-2 llO 2l 214 l5 -----

No_ of sample, (N) drawn : 
in PI(L)-1 3() 
In ]'[(1.)-2 20 
C ~ 0,10 and l' ~ 0.25 are precision levels 



Tablt 32. Optilllum sample numbers (Ruel;illk. 1980) for larvlle and pupae of H. 
vigin'i()~'It)J)lmcta(Q on t>riojal d\lring 1998-99 

S~mpli~ dale S,mlf}ling Optimum sample oomOOr (NJ 
ml!thud 

Larvae Pltpae 

C'" O.i (' '" 0.25 C =().1 C '= 0.25 
.~ 

October 14 Pl(L)-) 237 38 0 0 
1'1(1.)·] 10) 19 0 0 

211 rl{I.)-1 110 17 40Q M 
1'1(U-2 8) 13 186 2~ 

November II PI(LH 172 28 1St 29 
PI(L)-:) (92 ~\ 144 24 

25 1'!(Lj-I 189 30 436 69 
PI{I.)-:! 88 14 lS7 38 

D<;<.:cmbcr 9 1'liLl- ! 267 4~ 31! 52 
I'll 1.)-2 196 32 270 4) 

?--, }>I{LH 0 0 0 0 
PUU-2 0 0 0 () 

Januat)' 7 P!(lH () !) 0 0 
PI{L)-2 0 (I 0 {} 

21 i'1(I.H 281 43 0 (1 

Pl{t,-2 109 17 I) 0 
February 'I Pl(LH 52 S 105 !7 

PI(L}-2 30 5 6) 10 
18 PI(L)-l 19 :) 175 28 

PHL)-2 21 3 48 8 
March 4 PI( 1.)-1 18 3 102 16 

1'1(1. /-2 19 
, 
> 17 J 

111 [>I{ LJ-I 169 27 1 J2 H~ 
P!(L)-2 196 31 60 10 

April ?\(L)-\ 2)6 3& 64<l 106 
Plil .)-2 131 2! 261 40 

It; PJ(L)-I 760 190 900 9() 

Pt(L}-2 333 57 625 100 

Mean jll(l)· t 179 34 24t 35 
PI(L)-2 JO? If{ 

. " 
loW 22 

No. of saroplC:\ IN} dn\wn : 
in ?l(L)-l : ~O 
in PI(L)-2 : 20 
(' ~, 0.10 and C ,- 0.25 ate pfecisioll levels 
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4.9.4 OptimUID sample number for R. "igiIrJioctopupctata during 1999 -lOOO. using 

Plant Inspection Method. 

The results are sununari~d in Table 33 for egg clusters Wid adults, and Table 34 

for larvae and pupae. 

The optimum sample number calculated ttom Ruesink's model were 165 and JO 

in PI (A) - 1 ami J29 and 22 ill PI (A) - 2, respectivdy .11 10 .:mil 25 per cenllcvejs of 

precision for sampling egg clusters. In the case of adults, these were 378 and 64, and 262 

and 42 in PI {Al - 1 and PI (Al - 2, respectively at these two lev<:ls of precision. 

The average sample numbers required 10 e~limate larval population at 10 and 25 

per cent pre~ision levels were 213 and 39, and 154 and 24 in PI (Al - I and PI (Al - 2, 

respectively. Similarly, the optimum sample numbers for pupae were found to be 191 and 

34 in PI (Al - I and 146 and 26 in PI (A) - 2, respectively at 10 and 25 per cenllevels of 

preCISIon 

4.10 Varietal resiUance 

4.10.1 Infestation of A gossypU on briDjal varieties 

The intensity of attack and population density of A gossypii on different varieties 

m field screening studies (1998 - 99) arc pI'llscnted in Table 35 and Table 36, 

respectively. Plate 21 shows the leaf infestation by A. gossypii. 

lntestation of A. gwsypii was recorded from third week of January (16 January), 

when all the varieties were infested and the intensity of anack tanged from 8.30 per cent 

leaf infestation in Arona to 27.80 per cent leaf infestation in Pusa Vitam. Varietal effect 



Table 33. OptimLlm $ample numbers (Ruesink., 1980) for adults aDd egg dU8ten of 
H. vigmtio<:topunctattJ on brinj,,1 during 1999-2000 

---
Sampling date Sampling Optimum sample munbel' (N) 

method 
Adults Egg clusters 

C - 0.1 C 0.25 C - 0.1 C 0.25 
Novemb<::r 25 PI(l)-1 640 107 325 " PI(l)-2 543 95 275 55 

December , PI(l)-! 144 26 0 0 
PI{L)-2 170 27 0 0 

23 PI(l)-1 1200 200 0 0 
PI(L)-2 100 105 0 0 

January 6 PI(L)-l 700 140 0 0 
PI(l)-2 367 55 0 0 

20 PI{L)-l 206 33 0 0 
PI(L)-2 94 15 0 0 

February 3 PI{L)-I 340 54 255 42 
Pl(Ll-2 146 23 220 35 

17 PI(L)-l 185 30 575 115 
Pl(L)-2 166 27 412 66 

M~h 2 Pl(LH 175 29 238 39 
PI(L}-2 107 17 221 35 

17 PI(L)-! 249 38 420 70 
Pl(Ll-1 147 24 287 46 

31 PI(L)-l 50 8 0 0 
Pl(L)-2 42 7 0 0 

April 14 PI(L)-l 265 42 0 0 

129 

"0. of samples (NJ drawn: 
in PI(l)-l : 30 
\II PI{L)-2 : 20 
C = 0.10 and C = 0.25 are precision levels 



T .. ble 34. Optimum sample numbers (Rue.ink, 1980) for bln''''' ,.d pupae of 
H. vigillfioclopUllctata On brinjal during 1999-2000 

Sampling date Sampling Optimum sample number (N) 
method 

Larvae Pupae 

C - 0.1 C 0.25 C = 0.1 C 0.25 
____ 0 __ ." 

Novemkr25 PI(l)-l 0 0 0 0 
I'I(l)-2 0 0 0 0 

December 9 I'I(L)-I 139 19 0 0 
PI(L)-2 91 IS 0 0 

23 PI(L)-! 675 135 1050 210 
PI(L)-2 537 86 675 1]5 

January 6 I'I(l)-1 0 0 0 0 
PI(l)-2 0 0 0 0 

20 PI(L)-I 0 0 0 0 
P!(L.)-2 0 0 0 0 

February ) PI(L)-1 700 140 0 0 
PI(L)-2 388 6i 0 0 

17 I'I(L)-1 322 52 0 0 
PI(L)-2 273 42 0 0 

March 2 PI(L)-! 225 )6 260 41 

P1(L)-2 218 35 262 " 17 1>I(L)-1 146 23 254 40 
PI(L)-2 98 i6 141 22 

II 1'1(1.)-1 139 22 124 20 
1'1(1.)-2 88 14 97 i6 

April 14 PI(l.)-1 0 0 415 67 
PI(L)-2 0 0 428 67 

M,~ 1'1(1.)-1 213 )9 191 34 
1'1(1.)-2 154 24 146 26 

No, of samples (N) drawn: 
in PI(L)-! : 31) 
in PI(L)-2 20 
(' = 0.1 0 and (. = (),]:5 ~re precision levels 
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on intensity of attack was significant (P = 0.01) on 31 January. The lowest intensity 

(14.00%) was recorded on Arona and tlu: highest (38.90"10) on Pusa Uttam, 'Kharua 

BCllgena' and JC-2 also tegisteted low intensity levels. However, the varieties in respect 

of intensity did no! differ significantly in the rest of the sampling dates. 

Seasonal mean intensities indicated that there were highly significant differences 

among the varieties. The seasonal mean intensity varied from 8.26 per cent in Aruna to 

21.13 per cent in Neelarn Long. 'Kharua Bengena' (local) registered comparatively lower 

infestatioo of 8.80 per een!, which was af par with Anma. Variet'j P""'a Knmti, Pusa 

Hindu, AB-2, KS-331, Pant SIIIImIt and Muktakeshi were at par in intensity ofinfestation 

whIch ranges from 12.32 to 14.06 per cent. Neelam Long was followed by him Keshav 

willI 18.90 per cent intensity. However, Don-significant ranges of moderate seasonal 

mean mtensity (16.84 - 18.48%) were recorded on PUlKl Uttam, PUga 8hairav, Pusa 

Purple Long, Arka Nidhi, 1e - 2 and 'Sagalisingia' (local), 

The highest population densities of2.96 aphids (nymph.f. adult)lleafwas obtained 

on JC-2 and the lowest of O.2l/leaf was recorded on 'Kb8IWI Bengena' (local) on 16 

January. On 31 January, aphid population densities were at peak in almost all the 

varieties with a level ranging between 2.11 (Aruna) to 8.06 (JC-2) per leaf. The lowest 

non-,ignitu:ant ranges of population <knsity (2.11 to 2.25Ileai) wen: found. in Anma, KS-

331 :md 'Kharua Bengena', while the highest non-significant I1lIlges (8.00 to 8.061Ieaf) 

were found in JC-2 and Muktakeshi. There were highly significant (P ~ 0.01) differences 

m !hi~ regard among the varieties in all sampling dates except 1 April (P = 0.05). 

Comparison of seasonal mean density showed that Aruna with the lowest population 



Table 35. Intensity of attack of A. gossypii On bdnjal varieties 
--
Variety D.te of observalion and Lntensity of at\ack (% Iellf infested) 'Seasonal 

16,1.99 31.1.99 IS.2.99 2.3.99 17-3.99 1.4.99 mean 

Pusa Kranti t6.70 19.40 14.00 11.10 ILl 0 8.30 13.28 
(24.12) (26.13) (2L97) (19,SI) (19.43) (16.SI) (21.31) 

\'u," l'orrpIe I.ong 11.20 ~0_50 16.70 \ \ \0 I'HO \ 1.10 \%.1\'1 
(2&.19) (33.53) (24.16) (\9,53) (26.18) (19.44) (25.13) 

Pusa Bindu I LlO 22.20 14.00 11.1 0 11.10 8,30 12.68 
(19,48) (28.13) (lL97) (19,46) (19.50) (16.71 ) (20,86) 

Pu,a Uuam 27.80 38.90 16.70 11 10 14.00 11.10 16.84 
(31.82) (38.54) (24,16) (19,41) (21.94) (19.44) (24,23) 

Pusa Bhairav 25.00 33.30 19.40 14,00 ILl 0 8.30 ]7,70 
(30,OS) (35.28) (26,~O) (195) (19.53) (16.76) (24.92) 

AB-2 16,70 25.00 22.10 5.50 ILl 0 8.30 14.06 
124,15) (30.04) (28.14) (\3.52) (19.48) (16.75) (2199) 

Aru".! 8.}0 14.00 "00 2.70 8.30 5,50 8.26 
(16.73) (21.98) (21.96) (9A8) (16.72) (13.53) (16,74) 

KS-331 11 10 19.40 Iii 70 lLl 0 ILlO 5,50 12,32 
(19.44) (26.15) (24,16) (19.47) (19.43) (13.59) (2036) 

Palll S"mml 14,00 22.20 14,00 lLl 0 ILlO 5,50 12,60 
(21.93) (28.14) (21.95) (19.46) (19.49) (13.60) (20.75) 

Ark. " .. hav 22.20 3],]0 22.24 14.10 14.00 11.08 18,91 
(28,13) (35.26) (28,10) (21.91) (21.98) (19.S0) (25.81) 

Arka Nidhi 22.24 38,28 19.43 11.10 1405 8.32 18.04 
(28.11 ) (38,25) (26,17) (19.48) (21.93) (1~,78) (25.10) 

M~k\..,t;etk\ 14.IG 1$,00 14,\3 S,U B3 &31 12.4(; 
(21.93) (30,09) (21.95) (16.71) (16,76) (16.74) (20.69) 

Neelaon long 25.00 36.t5 27.84 14,12 16.73 ILl 0 2L13 
(30.11) (36,95) (31.86) (2193) (24.15) (19.43) (27.38) 

KMn.la Benge,,. 8,J3 14.18 14.09 8.27 8.3) 2,70 8.80 
(1675) (21.96) (21.93) (1669) (16.71) (9,47) (17,21) 

JC-2 14,08 19.40 27.81 19.43 19.45 11.10 18 25 
(21,90) (26.14) (31.M) (26.16) (26.11) (19.51) (2).2"1) 

Sagaii';"g,. 2226 27.81 25.04 14.16 16.68 8,29 18.48 
(28.12) (31.80) (30,OO) (21.92) (24.lS) (16.75) (25.46) 

S,Ed ± NS 2.21S NS NS NS NS 1.522 

CD(P=O,05) 4,)2 3.034 

CD(P=O,OI) 6,07 4.037 

Mea:rl of 3 Tepli"a\ioo~ (3 planWyeplicalion) 
• Mean of data pertaining to 6 dates of observation, Figure in parentheses are angular 
values 



Table 36. Population dellsity of A, gossypii on b~injal varieties 

Variety Ap",d population den,icy (noJI .... !) 'Seasonal 

16.1.99 31.tH9 15,2H9 2.3.'19 17.3.99 104,99 m~" 

Pu,a Kranti Q,8) 6.22 1.41 Q,80 L2B 0.87 2m 
(I.U) (2,68) (L84) (1 34) (LSI) IU7} (\.68) 

Pusa Purple Long 2.67 7.17 3.20 LS7 L49 0.91 ns 
( L9l) (2.86) (2.05) (1.69) (L58) (US) (\.91) 

Pus. Bindu O,~g ;27 2.78 l.M '"' 0045 1.54 
( 1.28) (2.07) (1.94) ( 1.43) (1.42) (Ll9) (1.56) 

Pusa Utl.m '" 6,12 2.76 "0 1.72 0.77 2,44 
(I 72) (267) (1.94) t 1.52) (1.65) (U}) (I.SO) 

Pu," Bhaitav 1.OS 6.25 2,72 0.30 1.36 0.76 2,24 
(1.75) (2.69) {I.9J/ (J,13/ (1.56) (1.32) (1,73) 

AB-2 1,49 6.51 3.03 0.23 1.29 0049 2.17 
(US) (2.74) (2,00) (1.09) (1.51) (\.21) (1.69) 

Arum 0.4} 2.11 2,53 0" 1.22 0.14 \.11 
(U9) (1.76) ( LSS) (I 10) (1,49) (1.06) (\.41) 

KS-JJl 0.99 2.15 2.36 0.68 US {),45 l.36 
(I AI) (1.77) (1.83) (I 29) (1.59) (LI'l) (1.52) 

l'a"l Samrat 0.67 2.44 2.65 0,64 1.2S 0.36 1.34 
(1.27) (1,86) (1.91) ( 1.28) (l.5I) (1.16) (L50) 

Arka K .. hav 1.52 6,32 2,62 0.61 1.16 0.69 2.15 
(1 59) (2.71) (1.90) (1 27) (1.47) (UO) (\.71) 

Ark" Nidhi 1.42 5.23 2,33 1.20 I 040 0,39 '99 
( US) (2.49) (1.82) (1,49) (t.SS) (I 17) (1.68) 

Mukl~1 242 8.00 ),20 '" I.S3 {US 2,93 
(1.85) (3,00) (2.05) (I.Hj (L6S) (1.33) (I 91) 

Neelam Long L86 6,90 2,95 0.71i 1.94 0'5 2.48 
(1.69) (2.81) (I 99) (1.31) (1.71) (1.19) (L7S) 

KholU. Benge"" 0,23 2.25 2.18 1.00 L08 0.16 '" (1.10) (\.80) (1-78) (I 41) (L44) (L07) (1.44) 
)("·2 2.96 8.06 3,56 '.99 1.98 0,94 3,25 

(1.98) (3.01) (2 13) (I 73) (1.73) (U9) (1,99) 
S.gali.ing,a 2.20 6,83 1.59 1.24 L76 0.73 '" (/.78) (2,79) (I.8'!) (1.49) 0,66) (1.32) (1.82) 

g,Ed.+ 0.107 0,036 0.039 0.090 0.Q28 0.092 0,052 

CD(P"O 05) 0.218 0.074 0,079 0.185 OM7 O,lgS 0.059 
CO([><O.OI) 0,293 0.099 0.107 0249 0.077 NS 0,078 

Mean of3 repfication~ (3 plants/replication) 

• Mean of data of each date. Figures in parentheses arc -.[l+; transformed values. 
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density of 1 11 aphicWleafand 'Kharua lIengena' with 1.15 aphidslleafwere at par while 

lC-2 with a highest of 3.25 aphidslleaf significantly differed (P = 0.01) from other 

varieties. Varieties Pusa Purple Long and Muktakeshi (a/ par) followed by 'Sagalisingia' 

alld Pusa Uttam (at par) registered higher seasonal mean popuJ"tion deI>sities ami 

varieties Pusa Bindu, KS-331 and Pant Samrat which were 01 par harboured 

c<Jlllparalively low densities of A gossypii population. 

4.10.1lnf~"tation of H. "igintioctopum;tata on brinjal varieties 

Table 37 and Table 38 present the data on intensity of attack and population 

density re.pectively of H vigintioctopuw::tata on brinjal varieties. Plate 22 and 23 shows 

the leaf infestation by larvae Md adult, respectively. Initially, the intensity of infestation 

was low, ranging from 3.20 per cent infested plants in Arka Keshav to 32.50 per cent 

infested plants in Pusa Bimlu OIl 7 February. No infestation was recorded on Aruna, 

KS-331, 'KhanJa Bengena' and 'Sagalisingia' on 7 February. Intensity of attack on 

different varieties as recorded on this date did not differ significantly. The intensity 

increased in most of the varieties when counts were taken after two weeks i.e., on 2\ 

February, where P~a Bindu suffered the attack at peak intensity (79.50%) while 'Kharua 

BeIl,gena' suffered only 2.30 per cent. Thert were highly significant (P = 0.(1) 

dlfferences among varieties with regards to intensity of attack on this date. Varieties 

Sagatisingia, Pusa Kranti, Anma, KS-3J I, Pant Samra!, ATka Kesbav and Mukral:eshi 

"'~rC ar pur (at P = 0.01) registering 4.8:0 to \5.30 per cent attack by the beetles; whereas, 

le-2, Pusa Purple Lollg and Pusa Ultam suffered comparatively higher intenaities with a 

range of 47.30 10 49.40 per cent. On 7 March, the intensity of infestation was at peak on 



Table 37. Intensity of attack of H. ~iginlioclopunclal(J on brinjal varieties 

Variety Date of observation and imensity of altack (0/. leaf infested) 'Seawnal 

7.1.99 2J.2.99 7.3.99 21.3.99 5.4.99 20499 me.n 
._.-
Pu,. Kranli 10JO 13,91) 12.20 Il.l a 5.60 9.00 12.84 

(18.75) (21.91) (34,S4) (19,49) (13.10) (17.45) (20,96) 

Pu,", Purple Long 25,60 47.30 69.l 0 30,80 13.90 15.90 32,63 
(30.42) (43,43) (56.25) (33.74) (21.S6) (23,50) (34.86) 

PUS" Bindu 32.50 79.50 60,60 32.50 9,00 20.40 38.03 
(34.78) (63JO) (s1.l4) (34.72) (17.49) (26.83) (38,00) 

Pu,", Uttam 20040 48.90 76.70 31.63 12.70 21.50 34.28 
(26,82) (4437) (6LlS) (34,20) (20,89) (27,62) (35.84) 

Pus;! Bhai,ov 16,50 22,20 6HO 28,5D 12JO 18,80 25.70 
(23.98) (27,95) (5243) (32.28) (20.SI) (2S.68) (l0,47) 

AB-2 5.40 19.20 45,60 28.80 7.80 12.60 18 16 
(1J_44) (25.96) (42,50) (32047) (16.23) (20.80) (25.23 ) 

ArUM 0,00 10.70 15.80 13 30 3.70 0.00 4,78 
(0,08) (19.06) (23,43) (21.40) (\ 1.12) (0.08) (12.52) 

KS-331 0.00 15.30 2640 13.40 5,80 10.60 9.66 
(0.08) (23.03) (30,89) (21.44) (13.92) (19.05) (ISO?) 

Pant Samrat 8.&0 11.00 38.90 11 40 5@ 0.00 9.68 
(17.28) (19.36) (38.57) (19.75) (13.70) (0.08) (IS.12) 

Arka Kesnav ]20 14,00 30.70 7,20 4.80 6.30 9,62 
(10.32) (21.95) (33 6.1) (15.58) (1267) (14.54) (18.11 ) 

Arka Nidhi 5.50 28,(lQ 4530 19.20 8,28 9,20 17,48 
(lJ.j6) (31.92) (42.2S) (2596) (16.76) (17.67) (24,70) 

Muktak.,hi 1320 15.00 66.30 26,50 2.00 000 15.24 
(21.32) (22.80) (j4.54) (30,%) (8.16) (0.08) (22.96) 

Neelam Long 10.70 28,40 59,10 25.70 10,SO 4.60 21.00 
(19.08) (32.22) (50,25) (30.47) (19.20) (12J8) (27.26) 

Khar"" Bengena 0.00 2.30 13.50 3.50 280 2,10 2.96 
(O.08) (8.74) (21.55) (10.76) (9.63) (8.34) (9.S5) 

lC-2 '"0 49.40 68.40 2460 7.80 15.30 26.63 
(17.28) (44.62) (55.76) (29,79) (16.25) (23.03) (31.1l) 

Sagal1Slng'. 0.00 4.80 15.70 6.30 3.70 0.00 3,20 
(0.08) (12.6j) (23J4) (14.57) (11.07) (0.08) (10.30) 

S.Ed± '5 5.350 4.640 " N5 N5 3594 

CO(fl----{l.05) 10.910 9.483 7,163 

CO(I'='O.OI) 14.661 12.742 9.531 --_. 
Mean of 3 replications (3 plants/replication) 

• Mean of data p.:n<uning to 6 dates of observation. Figure in parentheses are angular 
value~ 
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most of the varieties ranging from 13.50 per cent in 'Kharua Bengena' to 76.70 per cent 

in PUs:! Uttam. On this date Illso, varieties showed highly significant differences (P =' 

• 0.01). Varieties showing least intensity of attack were 'Sagalisingia' (15.70 %) and 

!\{\illa (\5.00%), which were aI par with 'Kbaroa BengeJlll'. Varieties with 

comparatively high iJitensity of attack were Pusa Purple Long, Pusa Bindu, Pusa Bhairav, 

Muktakeshi, Neelam Long and lC-2, which registered intensities of more than 59.10 per 

cent. The intensity of attack decreased thereafter. No significant differences occurred 

among varieties in this respect from the next sampling occasion onwilrds. Seasonal meal) 

intensity was hi1!,hest (38,03%1 in PWIa Bindu and lowest {2.96%) in 'Kharua Beugena'. 

The lowest values of non_significant rnnge of seasonal mean intensity was 2.96 to 9.68 

PGr cent whicb included varieties 'Sagalisingia', Arka Keshav, Pant Samra!, KS-331, 

Aruna and 'Kharua Bengena'. The highest non-significant f3Ilge was 25.70 10 38.03 per 

cent seasonal mean intensity obtained in varieties Je-2, Pusa Bhairav, Pusa VItam, Pusa 

Pcnple Long and Pusa Bindu. 

Population density of H. viginlioctopunctata was recorded on brinjal varieties 

from 7 February. The highest density of 4.07 beetles!branch and lowest of 0.12 

beetleslbranch were recorded on JC-2 and Arka Keshav, respectively on this date. 

However, no population was observed on Anwa, KS-BI, 'Kharua Bengena' and 

population densities. The population data on the (lext sampling date ,howed the highest 

popUlation of 14.56 beetles/branch in Pusa Bindu followed by Pusa Purple Long 

(8.47ibranch), Pusa Vtlam (7.99Ibranch) and JC-2 (6,61/branch) and the lowest 



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

Vane!), H. vigimioclopunclala population density (no./bnoncn) 'Mean 

7,H9 2L2.W 7.3.99 21.3.99 5.4.99 20.4.99 .---
Pus. Krantl 1.47 1.51 5,79 1.19 0.45 U6 1.96 

(1.56) (1.58) (2,60) (1.48) (1.20) (1.53) (1.66) 

Pu," Purple Long ,n 8.47 14.10 '" 1.92 3.31 6,09 
(2,03) (3.08) (3.g8) (2,56) (1.70) (2.07) (2,55) 

Pu," Bindu 3.54 14 56 10,13 4.31 0,93 2.62 6.01 
(2.13) (3.94) (J.3)) (2.30) (I.H) (I 90) (2.50) 

Pu.," Uttam 2.91 7,99 II 77 4.86 1.32 3.14 5.33 
( 1.97) (2,99) (3.56) (2.42) (1.52) (2,03) (2.42) 

Pusa Bhaira" 2.15 01 802 4.54 2.38 2.77 4.18 
(1.77) (2JO) (3.14) (2,35) (1-84) (1.94) (2,22) 

AB·2 0.29 '06 6.43 3.J7 0.93 1.60 2.45 
(I. 13) (1.74) (2.71) (2,09) (1.38) (1.61) (1.78) 

Arun. 0,00 1.40 4.03 2,67 0.32 0.00 lAO 
(1.00) (1.54) (2.24) (1,91 ) (1.14) (1.00) (1.47) 

KS·331 000 L73 4.52 1.56 0,41 1.25 1.58 
(1.00) (1.64) (2.35) (1.55) (I 18) (1046) (1.53) 

Pant Samlat 0.73 0,9) 687 1.32 0.54 0.00 1.73 
(1.32) (1.390 (2,80) (1.52) (1.24) (1.00) (1.54) 

Arka Kcshav 0.12 2.74 7.32 3.77 0.88 1.95 2.80 
(LOS) (1.93) (1,87) (2.18) (LJ7) (1.71) (1.85) 

Arb N.dhi 0,43 3.87 ,.% 3.40 1.05 1.28 2,99 
(1.19) (2.21 ) (1.99) (2,09) (1.40) (1.51) (1.89) 

Mukt.kesh, 0,74 1.06 5.&9 '66 0.40 0.00 1.79 
(1.32) (1.43) (2.62) (1.91) (1.16) (1.00) (I 57) 

Neclam Long 1.&8 3.94 9.S8 4.09 1.08 0.66 3.S4 
(1.69) (2.22) (3.25) (2 25) (L41) ( 1.27) (2.02) 

Knarua Bengena 0.00 0041 3.6S 0,56 0,51 on 0.98 
( 1.00) (I 18) (2.IS) (1.24) (1.22) (1.29) (LlS) 

JC·2 4.07 6,61 12.53 3.97 LL7 2,17 5.10 
(2.25) (2,75) (3.67) (2.22) (1.50) (I 78) (2.36) 

Sagali,ing;a 0.00 1.55 '" 2.04 0.61 0.00 1.89 
(I 00) (1.59) (2,85) (I 73) (1.26) (1.00) (1.57) 

S.Ed.~ 0.086 0.128 o IS6 0.182 0,162 0,148 0.102 

CO(P-O,05) 0.176 0.263 0,)19 0.372 0,332 0,]02 0.116 

CD(P=O,QI) 0.237 0.354 0.429 0.500 0,447 00407 0.154 

Mcan of 3 replications (3 plants/replication) 

• Mean of data of each date. Figure in parenthe&e~ are .Jl +x transformed values 
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population of OAI beetleslbranch in 'Kharua Bengena' _ The peak population density for 

most of the varieties were attained on 7 March. The highest peak of 14.10 beetleslbranch 

waS obtained on Pusa Purple Long and lowesl peak was registered by 'Kharua Bengem' 

with a population density of 3.65 beetles/branch. However, Pusa Binda exhibited the 

lughest population density of 14.6Slbranch on the last sampling date. The population of 

H Vlgmt;oclOpUr!cIOIa started decreasing after attainment of peak in each successive 

sampling and reached their lowest level during the first week of April (5 April) and again 

increased slightly in some varieties. The population density of the phytophagous 

coccinellids in different brinjal vatieties differed significantly in all sampling dales at J 

per cent probability level. The seasonal mean comparison of population densities among 

varieties of brinjal showed bighly significant differences at P = O.O!. Varieties Pusa 

Purple Long and Pusa Bindu were most slISceptible among the varieties showing high 

seasonal mean densities of 6.09 and 6.01 beetles per branch, respectively and the only 

least susceptible variety 'Kharua Bengena' carried a seasonal mean density of 0.98 

beetlesfbranch, which was significantly different from all other varieties. Varieties Arona, 

KS-331, Pant Samrat, 'Sagalisingia' and Mulctakeshi harboured comparatively low 

densities, while Pusa Uttam and JC-2 harboured comparatively high densities of 

H. v;gm/ioclopunclala. 

4.11 Ranking of brinjal varieties for resistance/susceptibility 

Ranking of brinjal varieties for resistance/susceptibility was done for A gossypii 

and H. vigin/ioclopunctala based on their population density. Infestation parameters such 

as intensity of attack and population density exhibited significant differences among 
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brinjal vandie, for both the pest species. Out of these two infestation parameters, pest 

popldation density was chosen as a basis for ranking varieties, because of its better 

\)rccisions than intensity as the latter gives only an idea of the proportion of leaves 

anacked but no quantification of the damaging population on the sampled leaveslbranch. 

Ikn~e, ranking was done in terms of population density for both A g<)ssYPli (nn. of 

aphids/leaf) and H. viginfioclOpunclOIa (no. ofbeetlaslbranch). 

4.11.1 Varietal ranking based DnA. gos/iYpii population 

Ranking of brinjal varieties against A. gossypli is presented in Table 39. None of 

the 16 varieties could be ranked as highly resistant Or highly susceptible. Only two 

"arieties were fOWld to be resistant, namely Aruna and 'Kharua Bengena' (local). 

Moderately resistant varielies were Pant Samrat, KS-33J and Pusa Bindu. Varieties Arka 

:-.Jidhi, Pllila Krauti, AB-2, Arka Keshav and PIL'la Bhairav were ranked as moderately 

susceptIble and rest of the varieties were sllilceptible to A. gossyp/i. 

4,11.2 Varietal ranking based on H. vigintwetopunctata population 

Table 40 shows the ranking of brinjal varieties against H. vigmfiocropunclala. 

NOlle of the varietie!'. te!.too wuld be ranked as highly resistant or highly wsceptibk. Gut 

of the Ii> varieties, only 'Kharua Bengena' (local) was found to be resistant against 

II. vir;in/wc/opunclafa. Si~ of the varieties namely, Aruna, KS-331, Pant Samra!, 

'Saga1i~mgia' (Io~al), Muktakeshi iJIld PIL'la Krauti were found 10 be moderately resistant. 

Vari~l!e, AB-2, ATka Keshav, ATka Nidhi and Neelam Long were ranked as moderately 

,usceptible and remaining varieties were susceptible to H. vigintioclopurlclala. 



Table 39. Ranking ofbrinjal varieties based on population density orA. g0S5ypii 

Rank 

Highly resistant 

Resistant 

Moderately resistant 

Moderately susceptible 

Susceptible 

Highly susceptibk 

Population density 
(no.ofaphidsllcaf) 

~l 

>1 - :51.2 

>1.2_:51.6 

> 1.6 - :52.4 

>2.4 -:54 

>4 

Variety 

Aruna, "Kharua Bengena" 

Pant Samrat. KS-331, Pusa Bindu 

Arka Nidhi, Pusa KIanti. AB-2, Arka 
Keshav, Pw,a Bhairav 

Neelam Long, Pusa Ut\aln, 
"Sagalisingia", Muktake~bi, Pusa Purple 
Long, Je-2 



Table 411. Ranking of brinjal varietic~ bllscd on population density of H, 
vigin/loctopu"ctata 

--
Rank 

f-h!;hly resistant 

Resistant 

Moderat~ly resistant 

Moderately su:;c~plible 

Sll~ceptihk 

Ilighly su'ceptihk 

Papulation density 
(no_ of ~etlesfbrallch) 

<;;0.5 

>0.5--01 

>1 _ <;;2 

>2--04 

>4 _ 58 

>8 

• 

Variety 

"Kharua Beng~na" 

Aruna, KS-331, Pant Samrat, 
Sagalisingia", Muklakeshi, Pusa Kranti 

AB-2, Arka Keshav, Arka Nidbi, 
:---Jeelarn Long 

PUSlI Bhairav, JC-2, PUsa Utlam, PUSll 
Bindu, Pusa Purple Long 
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4.12 Varietal effect on certain bi(llogi~1I1 parameters of A gossypii 

Laboratory biology of A. gos5ypii on different brinjal varieties to detennine the 

effect of the varieties on nymphal period nymphal survival, adult longevity, total life 

'pan, reproductive period, fecundity and rate of nymphal deposition, which are presented 

in Table 41 and 42. 

4.12.1 Effect of varieties on development parameten 

Table 41 presents the data on nympbal period, nymphal survival, adult longevity 

and total life span of A. gossypii on different brinjal varieties. [be data dearly indicated 

th\lt brin)al varietie5 &igIlifK.al'ltly affectw 1he uymphal period of A_ gossypiL It was a\50 

evident from the data that the differences (P ~ 0.01) in lotal nymphal period alllong 

varieties were greatly influenced by the differences (P ~ 0.01) in first instar durations, 

which la.ted as long as 2.78 days in Anma 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 nymphal period of the aphid was shortest (6.99 days) on JC-2, which was at par 

wIth AB·2, 'Sagalisingia', Pusa Purple Long, Pusa Bhairav, Neelam Long, Pusa Uttam, 

Ml1ktakeshi, Arka Keshav and Pusa Kranti. Whereas the period was longest (8.3\ days) 

on 'Kharua Bengena' followed by Arona (8.09 days) and Pam Samra! (8.05 days). 

The nymphal survival was maximum (95.83%) when reared on JC-2 and was 

minimum (50.00%) wben reared on 'Kharua Bengena'. There was a highly significant 

cflect (P ~ 0.01) oftbe varieties on the nymphal survival oftbe apbid. A non-significant 

range of 83.33 to 91.60 per cent nymphal survival was obtained on varieties 

'Saga!isingia' (91.60 %), Neelam Long (87.50%), Arka Keshav (83.33 %), AB-2 



Table 41. DunLtion of developmental stagc~ of A. gOllypii on brinjaJ varieties 
------

Va",,, ~)mp",,1 penod (days) Tm,1 'Nymphal ,oW Total ]Lfe 

I"w I 10>1., II lrutar III lost" IV nymph.1 '",,'i,'.1 longe"i!) 'P'" 
period (%) (days) (day,) 
(da),,) 

p"", Kmnti , 15~0_06 I ?8±O_11 I.5O±O,07 L18±0 O~ 1J2±0,28 75 00 12_0J±O,58 19A5±LO; 
(60,1)0) 

h" ~\"j>\< L~rr~ , ~~G'l I %'hQ_(l!; 1 ,S(h.G I)!, lil±CM. Hl±Q,l\ "'W 11.%±Q 5S 19_13±Q,Qt 
{ll.J2) 

Pu," Bind" ! 18~O_I.j ].95,,0 07 1.62,,0_06 166±0,O8 7_58±O 32 71,00 12.00±0,6--1 1957±101 
(6(1,01) 

Pu", Utt'lll ! O~"O 08 1,%&06 I 56±O 09 1.7S±Oo; 7_,-I}!-O,19 87 50 1 1.99±O 61 19_28±0,85 
(69.51) 

p",,, Hhm"" I 9X, 11116 UI"O,08 I 6fuO_O, I M±Q,G'j ;_lj±02S 8333 12_08±O,)2 19_20±11J 
(1160)) 

AB-:' !,OIJ±O_OO 192±0_06 1.56±O,08 1.62.0,(16 lObiO_18 91.60 I L9'1±0.50 19,I2±L08 
(76_19) 

At",,, ,')8,,0.06 2,IJOjoO_OO 1.66±O,OS L7O±OO~ 8_0,,"0.34 54,16 11_&lft0.68 20,08±L6& 
(47.41) 

KS-l1l 218,,0_05 lO8±O,IO 1.63±0 02 1_66±0,O-l l87±0_23 M_i3 1210±O,52 1~9J±O_9J 

(5HO) 

Panl Sam"i 2.51h0.07 I 98±0,16 1.92±O,11 1_80.0,10 8 05~OJ 1 54_16 12,OO±O_71 203&1.2" 
(47.42) 

Ar" K.,h., 2,15,,0_11 I 87±O,11 1.80±O G'j I iO±O,OS 7 ] I±O_26 83J] Il,05~O_82 IHJ±1.0j 
(67_05) 

A", :-Jidhi 2,17'0.09 19210 08 175tO,1}6 17).1006 7.65,,0.J2 79.16 119O±0.61 1967±LIJ 

• (63.19) 

~lul\>l.iIi I ~2±U 11 lZStO,08 USlUU5 l &r)IQoq 71S±O..19 &1-', 1115"OJO \q,).l±0,7% 
(66.44) 

N .. lam Lo"~ 195±O,ll 1.8I±{1,(19 L6ll0,Q6 1.7I±O_OO 7,19±0.16 i750 12,28±0_89 19.55±l.ll 
(72.96) 

Khar"" &ng<na l.iS±O,Q9 2.17±008 1.87±0,04 I 81hO_08 UI±0.J9 50.00 II i()±O.76 20.6ll149 
(45_00) 

Ie·) 2IJO±OOO L7S±OO7 1.66±0,Oi I ii2,,0.09 6,99±0 21 9'\,83 12_66±{1,61 19_5811.)2 
(%J \0) 

S"g"II""~" ,17±1108 1.82±0,Oi U8±O_08 1.58=0_10 J 07±0,24 >l" 12.40±061 19.51±I.IS 
(76,16) 

S,Ed_, "" 0_17 '.00 
('DiP-O,OS) o )0 NS " NS 0.31 12,21 " NS 

rDll'=O_OIJ 0"" " NS NS '"S 16 SO NS " M~an (If 24 indi~;du'dh fJOffi two S\lf.ces..<,we l5ene""\mn~ 
'hg(Jre l~ parentheses ate ang(Jlar values 
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(91,60%). Pusa Uttam (87.50%) and Pusa Purple Long (91.60%) at I per cent probability 

)t,vd, Another non-significant range (50.00 - 75.00 %) from the lowest order of nymphal 

'lJJViva! were registered by varieties, Pusa Kranli, Pusa Bindu, Aruna, KS-33J and Pant 

Samra!, which were a/ paY with 'Kharua Bengena' . 

The data on adult longevity of A. gossypU was however, not significantly affected 

by the varieties, Aphids reared on JC-2 registered the longest adult life (12.66 days) and 

those reared on 'Kharua flengena' and Anma accowlIed for the shortest adult longevity 

(IL80 days). Similarly, tbe data representing total life span of A, gossypii on different 

varieties did not differ significantly. 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 Elleet of varietie! 00 nproduetive p.rameters 

Data on reproductive parameters are presented in Table 42. The pre-reproductive 

period varied from 0.50 10 1.08 days. Highly significant (P ~ 0.01) differences existed 

among the varieties in this respect The varieties Arona, KS-331 and Pant Samrat with 
• 

1.00 day each and variety 'Kharua Bengena' with 1.08 days were significantly different 

(P ~ 0.01) from the rest in respect of pre-reproductive period of A. gfJs$ypii. The 

reproductive and post-reproductive period of the aphid did not show any significant 

differl:nces among vaIieties. The ~roducti.ve period was kmge& {\ \,\2 days) on lC-l 

and shortest (9.95 days) on 'Kharua Beng(ma'. The post reproductive period ranged 

between 0.75 days in 'Kharua Bengena' to 0.90 days in Pan! Samrat. The fecundity 

observed were highest (54.48 nymphsJfemale) on JC-2 and lowest (31.80 

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



Table- 42. Re-produclive parameters of A. gossypii 00 briujal varie-tiell 

Variety P"'.r¢prodUC:(lve ReprodLlCli .. Post·reproductive Fecundity Reproducli¥t rille 

period ",,, period (no. of nymphs per (No. of 
(days) (day,) (days) female) nymph>lfemaleJdayJ 

1'lJ .. Kronti \I 75±O.O8 IO,48±OJ)(i O.SOto.OJ 42.44±4.39 4.05±O.O9 

~~\aPOJ.lllk Lo~ OjOtO.04 IOj6±O.4j a.Si±O.Oj \UitHl UI±O.ll 

Pu", Bindu o 83±0.O7 lQ,40±O.21 0.8OtO,02 41.50±J.94 4.07±O.O8 

Pu,," Utlam 0,5&>0.06 1G.58±0.26 a,S3±0.03 44.81}±4,16 4.J6±O.l4 

Pu,," Bhair .. O.58±O.U6 1O.5I)±{1.J7 \I.SliO.OJ 47.91±4,41 4.52±O.19 

AB·l OSO¥.\.OO 1%1".\,')9 O,%!dil.~ 49.1)±-S,1\ 4,6&t\\.1l> 

Aruna I.OOiO.08 9.98±{),52 O,8J±O.1l4 3J.W162 3JOiO,08 

KS-J]l 1.000O.(t9 to.2(ltO,67 O,gfuO.03 42JJ±3.65 4,2(1l,O.08 

Pant SlIIllrll\ 1.000O.OS lO.l1)±{l,81 0,90:0.05 J9.4O±3.6J 3.9WH17 

Arka Keshal' O,75±OOO 1O.5O±O.75 O,7&±OJ)4 #.I(Il,J.IS 4.2&tO,18 

Arb Nidhi O.83±O,1M 1014±O.58 O.86±{1,04 4J.44H59 4.2110,21 

Mukt&ke.shl O.66±0.OS IO,42±O.9J O.80i003 #.80±4,O5 434iO,32 

Noel ... Long O.58±O,OS IO.SI±{I.74 o.as±o.1M 47.02±5,IS 4,<10;;0.17 
• 

Kharua Bengl'na 1.0000.Ol 9.95±{1,6Il O,lj±O.OJ 31.8(1<126 3.18±O.O9 

lC·2 O.5OiO.06 1 1.l2±Q 53 o S4±O.oJ S4,4B±7.22 4.~O.J8 

Sagalisingia O.5OiO.M 11.08±{),6Q O,86;<O.M 51.85±6J8 4.73o<{1,29 

S.Ed,~ 0.15 0.19 

CD(p.{i,05) 0.30 " " NS 0,81 

CDtP-"lOl) 0,41 NS NS NS , .• 
Mean of24 illdividuals irom two successive generatiolls 
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in this regard. Aphids showed OUIfked variation in reproductive rate when reared on 

different brinjal varieties. The maximum reproductive rate was observed on lC-2 (4.98 

nym?n~femab'day} f'3llowed by Pu&a. Puqlle; l..ans {4.81 nymphslfuualetday) and 

'Sagalisingia' (4.78 nymphs/female/day) and minimwn on 'Kharoa 8engena' (3.18 

nympbs/female/day) followed by Arona (3.30 nymphs/female/day) and Pant Samra! (3.92 

nymphs/female/day). Pusa Bindu (4.07 nymphs/female/day) also registered 

comparatively lower rates of reproduction. 

4.13 Varietal ellect on biological parameters of H. vigj"twctoPUJlctlJ(1I 

Laboratory studies pertaining to the comparative biology of 

H. vigintwctapunctata on differenl brinjal varieties were made to ascertain its possible 

ctTects on biological parameters. Table 43 to 46 show the data 00 relevant parameters. 

4.13.1 Effect ofvarieties on developmental parameters 

The data on incubation period, larval period and pupal period of 

fI. vigm1iRc/opunctara on different hrinjal varieties are presented in Table 43. It is 

apparent from the data that brinjal varieties significantly influenced on the developmental 

petiods of egg, larva and pupa. The \neuba'iion period was mnimum (5.00 dll:)'s) in 

variety Aruna and minimum (3.26 days) in ?usa Bindu. The incubation ~riods recorded 

on Pusa Purple Long. Pusa Bhairav, Arka Nidhi, Neelam Long and JC-2 were 

comparatively shorter (3.86 to 4.06 days) which were statistically at par. In all other 

varieties, the incubation period was longer (4.26 to 4.93 days). Significant differences (p 

.. 0.01) were also fOWld among varieties in respect of durations of all the latval instars 

and total ill{VaJ period of H. vigintioctoplI.nctata. The total larval period of 21.63 days 



Table 43. Duration !If developmental stages of H. ~igintioctopunctata on brinjal 
"arieties 

Variet), In,ubation !..m,.1 period (d,y,) TotailarvaJ Pupal period 
period (da~s) period (days) (days) 

I_I I"star II Instarlll IrlSIar IV 

l'1Jsa K"mi 4,26tO,IS 5.9I±{1,16 5.2S±{I,14 195±{1,12 6,lItOJ. 21.25±O.S9 505±O.)2 

Pu", Purple Long H6tO 12 UO±O.07 3.9S±0,12 3_21±014 4_20±O.29 16,I~O.93 j,17tO_45 

Pu", Bind" 3_26±O.OJ 4,45±O.IS 4,08±0.12 J.IMO 33 JAJ±O 26 15_02±O.7S Sm'0,65 

Pu", Utlam 4,6(i±0,(j4 ),56t0.08 j,mo.lo J.JfuO_12 4.07±OJ4 17_9itO,82 5.16±{1,46 

PUi'a Bhaull' l.S6±O_06 4.9J±{I,1J 5.68±O,IJ lIStO_I) 493±O_IS IS_69±{165 5.02±O.J1 

AB·) t4O±O.02 5,S6±{I,IJ 5.22±(1J) 4.22±0 09 4 77±O_M 20.lM±1.02 S,Q9±O.18 

Aruna )_OO±O,I) j,6Ii±(I.21 "_44±{118 3_72±{108 4.8J±O,46 20,6S±O_91 544±0_28 

KS-331 4_9J±0,06 5.&8±O_OS 5,I8±O_14 4,11±0,ll 4JJ±0,16 19.48±0_79 5,26tOJ5 

rani Samrat 4,7).0,16 i.7O±O.1I S,I~O.2] 4,93±O I] 5_82.054 21.63±O,98 5_18±0_29 

Ark. Ke.hII" 4J5±0.08 5J~.07 6.a8±a'}5 4,I6tO.22 4,58±0 19 20_060>0,85 4.50±0,IJ 

Arka Nidhi H9±O.09 S.71±0,IO 5.66±O,IS 4_15±O_1J 448±0,64 20.0~,88 'i.OHtO,II 

Mullake,hi 4,48±O IJ S,71l±{1,OJ 4.78±0 13 ._05iO 08 6,41±0.11 21,02±O,46 5.JO±O 23 
• 

N,dam Long 4J)O±O_04 5 75tO 10 4_00±0 12 3.33'0,18 4,08±O.64 IJ.66±O,<)4 4 SO±O.2S 

Khar"" Bengena 4.460>0 II 6_11008 5_160>032 4J9±{115 i.&3~O.44 21.49i1.06 548±0_65 

Je·2 4.06±{1,15 j,IO±O.02 4,I)(I±O,19 4,08tO,23 450±0J6 17@<O_73 5,160>0,44 

Sogali'lngi. .j 57±0_02 l.92±0_04 436±O_16 H1±0 17 5.0itO,11 19,6O±O.90 4.55±0_17 

g,Ed.± 0" 0.17 0.23 0" 0_25 o,n 0.15 

CD(I'----il_05) OM 0_75 0,47 OJ1 051 1.48 O_JO 

CD(P={I,OII ""' 1.02 0.63 0.i0 0_68 L" OAI 

Mean of I 5 individllal, from one generation 
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recorded on the variety Pant Samrat 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 at par with Neelam Long (17.66 days) and Je-2 (17.69 

day,). The larvae took CQmparatively longer periods for developmetlt on 'Kharua 

Bengella' (21.49 days), Pusa Kranti (21.25 days), Muktakeshi (21.02 days) and Arona 

(20.65 days). As regards to pupal period, the varieties 'Kharua Bengeoa' and Atka 

Keshav registered the longest (5.48 days) and shortest (4.50 days), respectively. 

StatIStical analysis indicated significant difference among the varieties in respect of pupal 

peJiod. Varieties 'Saga.fuIDgia' (4.55 days) and NeeJam Long (4.80 days) exhibited 

comparatively shorter pupal periods, whereas Muktakeshi (5.30 days), KS-33! (5.26 

days) and Pant Samrat (5.18 days) showed comparatively longer pupal periods. 

The data on egg hatchability, larval survival, adult emergence and growth index 

of H. vigimioclOpunclala Oil different brinjal varieties are presented in Table 44. The 

maxirftum per cent egg hatchability (8g.50"1o) was obseIVed on Arka Keshav and the 

minimum percentage (56.00%) was on 'Kharua Bengena'. Then: was significant 

dillerence (I' = 0.01) among varieties in respect of per cent hatching of eggs. Significant 

differences (P = 0.01) existed among them in respect of larval Survival of H 

Vlgil1llOctopunclala. A maximum of 93.30 per cent larvae survived and entered pupatinn 

when Ihey were allowed to feed on Pusa Uttam, Arka Nidhi, and Pusa Plll1Jle Long which 

were at par with Pusa Bindu (92.50 %), while only 46.60 per cellt larvae could survive 

when they were offered 10 feed on Aruna which was statistically not different from 

KS . 331 and 'Kharoa Bengena'. A maximum of 92.40 per cent adult emergence was 



Table 44. Hatchability, larval survival, adult emergenee and growth iude1 of H. 
vinginlioctopunctata 00 briojal varieties 

Va,,'!)' 'Hatehabil;!)' 'Larvallu"'i,al 'Adul! emergence ~-1%) (%) (%) i.o.x / 

Pu," Krami 60.00 JJ.30 8550 JAb 
(SO,71) (59.03) (6,),16) 

Pu" Purple wng 8200 9].4(1 91.10 S,78 
(6l.lO) (7\ J2) (7].82) 

Pu," Bindu J5,00 9250 92.40 6,17 
(60.15) (74,24) (14.06) 

Pu"" U\(am 78,00 ~3JO 91.6\1 5_2a 
(62.16) (75.61) 0,,40) 

Pu"" Bha;",,' 84.00 1iIl.66 8Hl) ,~ 

(60 16) (68.69) (66,99) 

AB·2 &.00 W.OO '''" 200 
(S5JI) (50.32) (S2.25) 

Ar""a 62.s0 46.60 J5,00 '" (ILlI) (HIM) (58.94) 

KS-331 noo 47.s0 3J j(l 2.43 
(5881) (4J_55) (6970) 

Panl Samra! SUS J3')0 30.00 JJ9 
(6371) (59.0f) (6149) 

A,b., K.sI1av 885(1 8(1,00 9US 1.93 
(la65) (eJM) (/).50) 

Ar" NidhL 86.00 9J.J(I 92.30 4,67 • (5&20) (is 43) (]4,14) 

Mu~""e,hi 7975 66.6{) 87,50 3.17 
(63.10) (54.76) (69J~) 

Neelam Long 86.50 80.00 W.W 4.56 
(68.47) (63.52) (72.68) 

Kharua Be"gen~ 56,00 SDO J I 40 2,48 
(-13.52) (4689) (SJ.aO) 

)e ·2 80,00 80.00 "'W 4,53 
(63.49) (6] ~91 (64.7)) 

Sagaii'ing" 71,00 7330 "M '" (57SI) (i8,<){)) (54.17) 

S,M,. JAn 2.5S6 
l "" 

o>w 
ClJ(P9105) , '" 5.219 5,9)1 0,)67 
('U(f"-IJ.6IJ 9.548 ),Q29 7.987 D.m _---------

, Mean of three replications (1 egg cluster/replication) 
1 Mean of five replications (3 individuals/replicatiun) 
Figures in parentheses are angular values 
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recorded <;10 Puss Bindu followed by 92.30 per cent emergence ill Afka Nidhi. The 

mmimum record of adult emergence was obtained on AB - 2 (6250 %) followed by 

'SagaJisingia' (66.60%) and 'Kharua Bengena' (71.40 %). Varieties ~inflUflllCC 

emergence of H. viginlioclOpunctatct adults significantly. 

St.1tisticaJ analyses indicated that there was a highly significllllt Oifferenre {P 

~O.OI) of growth indices recorded on brinjal varieties. The variety a<X:ounting for a 

considerably high growth inde)l was Puss Bindu (6.17). The lowest index was worked oul 

for Aruna (2.26) followed by KS - 331 (2.43) and -Kharua Bengena' (2.48). The varieties 

Pusa PurpJe Long and Pusa Uttam were also found suitable for the beetle with growth 

indices 0£5.78 and 5.20, respectively. 

4.13.2 Effect of varieties OD reproductive parameters adult longevity and se1 ratiQ 

Data on mating period, oviposition period, fecundity, rate of oViposition, adult 

longevity and sex ratio of H. Yiginlioctopunclata on different brinjal varieties are 

pfesented in Table 45. It ill clear from the anaI~d data that there were highly significant 

variationa (P = 0.01) of these parameters recorded on the varieties. Oviposition period 

was. however, Dot affected by varietal influence. The adult male and female of the 

coccineihd copulated as long as 32.30 minutes in JC - 2 variety and managed to mate 

(lnly for 18.(17 minutes in Pusa Kranti. Preol'ipositWn period also ~d significant 

difference (P = 0.01) amoDg varieties. The adult females took as long as 13.44 days 

bcfo"" deposition of their first balch of eggs in 'Kharua Bengena', Where as in Pant 

Samra!, Pusa Bindu and Pusa Bhairav, they took less than 8.65 days to oviposit. 

Oviposition period did not show any significant difference among varieties but fecundity 



Table 45. Reproductive parameters, adult longevity •• d '" ratio of R_ 
~iginlioclopunctala on brinjal varieties 

V""'" Mating e~ Ovipos,tioo Fecund,,, R'fIIlJdtICIlI" Adult - Stx rat,o 
p<riod o"po:Illion .,," ,,,,,_ of rale leggs! longe"i)' M,I, , F,m,l, 
1m,") "'"" {d'Y'i <ggs!f,mal.) f.m"dd.)) (d'Y'i 

(d.») lo' ,iold 
------
Po" Kr ... tl IM1±215 9_0I±O,611 11.19±2, I i 132,9~,O,97 1.J2;t.I.[)a J) 21±2_80 I 41'{1.O4 1.l6±0,02 

Pus. Purpl. Long 2{i_02HOI 9,6J±I.2) 21_01iJJ8 2JlJ5i3JJ4 1041)<11&2 6SJ6±1_IJ 1_4ItO_(J4 1.01tO_O I 

PusaBindu ,9 ,,~,_.O i20±0,i9 2J,1)H91 m2MI6,1) 12,82±0,96 ljJ)~,52 1.2W1OJ 1,06±{l,08 

Pu,," Ull.arn 2SJOtI-l5 Ilil±090 2119±182 22&,9tttIJIJ ID 7J± iJ7 {i106±4J9 1.16±{l02 102±OO, 

Pu," 6n.i",v JUIIl±4_00 8,65iJ)J I l4.16H2! 1)4.46tI9.38 1.140.0,69 54.l3tHi 119±0,02 Ll3±(),0' 

Ali·, 2&'OCh130 103(,<1.02 IUIJ±1.91 114_41J±1Ii49 Ii_OI±O 86 36.45±2.26 2_7J±O_11 12JWOIS 

AI1JII. 21i,4Stloo 11.06±1.26 I J ,6StI.S! 119.i(h-13.l, 6,S&ti),JI JJ.4ll±2.59 16JiJ),(19 1.l'li{l,02 

KS·3JI 2015±IJI 9 I6±{I_i2 19.5J±2,21 Iljlll±l&~l 5 {iJiJ)_78 1842±) 06 218±OOJ I.I8±OOo 

PantSammt 2UCitl,45 8,IMSl 18.00±2_10 liOJ6±W61 8,18±{1,(,4 Jijl±2,92 L61±0,04 L12±O_05 

Ark. Ke:shav 2955±2 10 10,26±I.W 21.69±1.&6 248.Jl±2I,i9 111J±0,71 42,68±1.98 IJJiJ)_(I(j 1.21iJ).09 

A,k.Nidh, 2iJIl±J.II 10,%±0,96 20,)S±1.98 129,81,<18.40 1D_86±O.iJ 4i,11j,rl,86 1.46±{1_04 109t001 

~Ukial:.fst" 19_20±1 G5 9'19±O.91 21.12i1.8b 111.26I.21,59 11.43±L10 43 18±2 60 1.62±O,Qj 1.17·0,07 

N.olam Long 21.00±IAO II0I±L1J llJ4±212 liO_20±19_4S 898±O81 JU7±).11 1.51\±O,08 1.08±O,O' 

Kh""" Benge., 18.4O±J 10 IJ44±U2 20_2Ot2J I I 02JOt II 93 i_16±O,97 4L8O±J.2i 2.33±0,12 1.21l±O_(l(J 

JC-2 12.lO±J.\O 9.J6±1.09 24,23±1.81 J4G,10±18.\6 14 1l±1 45 56_11~_j6 1_J2±Il_OJ I O4t(I_OJ 

S'g,lisi"gia 21.00±115 12_I'li{I,9i 20.2'1±2.09 IIOJ(b14.l1 5,I&±OJO 44,4W29 258±O_14 1.I1iJ),05 

S Ed± , "' '" "' 2923 1.50 7.16 0,14 "' 
CD(f'--Q,05) '" 2,4& 59_17 '"' 15.81 "'" "' 
CD(P-O,Ol) II 18 ;J; il112 4.11 21.26 "" NS 

-----~-----

Mean of three replications (each replication contain One pairs of male and female) 
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was significantly (P = 0.01) affected by the varieties. The highest fecundity (340.10 

eggs/female) was recorded on Ie - 2 followed by Pusa Bindu (328.26 !g&sIfemale). The 

variety 'Kharua Bengena' accounted for the lowest fe.:undity (102.3 eggs/female) 

followed by 'Sagalisingia' (110.30 eggs/female). Similarly, significant varietal effects 

(P - 0.01) on rale of oviposition also cl<isted. Variety JC - 2 with a maximum rate of 

oviposition of 14.13 eggs/female/day was fo!lowed by Pusa Bindu with 12.82 

eggs/female/day, whereas 'Kharoa Bengena' registered minimum of 5.16 

eggs/female/day, 

The adult longevity and sex ratio of H. viginlioctopunctata on diffcrtnt brinjal 

varieties were found to be significantly different (P = 0.01). The mean dlJIation of adult 

stage was longest (75.37 days) on Pusa Bindu and shortest (33.27 days) {)Il Pusa Kranti. 

Varieties, Pusa Purple Long and Pusa Uttam also registered comparatively longer adult 

longevity (61.06 to 65.36 days), while nine varieties showed comparatively shorter 

longevity ranging from 33.40 to 48.29 days, which were at par (P ~ 0.05). The male to 

• female ratio of H. vigintioctopunCtata observed in the laboratory differed significantly 

(P ~ 0.01) among varieties. For every female, 2.77 numbers of male W¢l"e cmcountered in 

variety AB - 2, which was the highest, while 1.28 male /female in Pusa Hindu was the 

lowest. A higher sex ratio (> 2) was also achieved from Arona, 'Sagalisingia', 'Kharua 

Beogena' and KS - 331, whereas lower sex ratios « 1.40) were found in varieties Pusa 

Utlam, JC - 2 and Pusa Hhairav. However there were no significant differences among 

varieties in respect of sex ratios in the field collected population. The sex ratios ranged 

from 1.02 - 1.23. Highest being recorded 00 AS - 2 and lowest 00 Pusa Uttam. 
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4.13.3 EfJe~t of varieties OD lear llrea ~ollllumption 

Varietal effect on feeding behavior of H. vigintioctopuncrtilQ was studied in the 

laboratory. The data 0[1 leaf area corn;umption of the grubs and adults of the beetle are 

presented in Table 46. 

The leaf area conswned by larvae in different stages significantly differed 

(P '" 0.01) from variety to variety. The first instar larva consUIJled more leaf tissues while 

feeding on leaves of Pus a Bindu (0.70 cm2/48 h). The variety least suitable for feeding of 

the fIrst instar grub was 'Kharua Bengenll' with II conswnption of 0.26 cmll48 h. Leaf 

conswnption by the first instar larvae W;)S comparatively less in Aruna, Panl Sanna!, 

KS - 331 and Muktakeshi in which feeding ranged from 0.28 to 0.31 eml in 48 h. Rest of 

the varieties were relatively more suitable for larval consumption. Similarly, second, third 

and fourth instar larvae also exhibited gignificant variations of feeding on different 

varieties of brinjaL However, suitability of a particular variety in terms of leaf area 

,onsumption remained almost consistent for the grubs in different instars. The mean leaf 

• 
are~ consumptionl48 h by a grub in its l8J"Vallife showed that Pusa Bindu was the most 

preferred variety (7.68 cm2f48 h) and 'Kharua. Bengena' was the least prefimed one (1.99 

cm!'48 h) and both were significamly different from other varieties. In varieties, Pusa 

Purple Long, Pusa Vitam, Pusa Bhairav and Ie - 2 the larvae could comfortably COIlllUDle 

more than 5 cm l ill 48 h. Adult beet:les also exhibited similar mte of cOIlllumption as did 

the grubs in different varielies. Pusa Bindu was the most favoured food followed by Pusa 

Purple Long and Pusa Vitam with a leaf area consumption ranging from 13.32 10 20.20 



Table 46. Leaf area consumptiolJ of H. vigintioClopunclullI OD brinjal varieties 

Variety u,.f area ~o",umplio"'4S h. (em') 

,-","I. 
Adult ,-, hulllil IrLlt8i" III ""IV "" 

ru;a Krami 0.]6 1.80 J.4~ 1." 3.26 UO 

Pu» Purple Lang 0.5{ '" 9.2~ 11.10 6.45 14.60 

Pusa Bioou 0.70 1. 9.80 16.64 7.68 20 20 

PusaUrwn OA6 100 1.00 H.m j.1I 1].]2 

Pu» BhainLv 0.48 2.70 1.56 11.70 SO, 11.9"1 

AB·' OJ8 1.80 4.60 7.30 3.52 8.50 

'ruro OJI Loo 1~ .. , H~ 8.24 

KS·]]I 0.29 2W 1M 7.70 3.70 9.16 

P"ut S4mrllJ '30 2. 1" '" 1W ,~ 

A, .. KesIlilV 0.52 2% 5.10 9.20 4.44 10.40 

Arl;, Nidhi 0.46 114 ).36 ,.~ UO I l.60 

-MukUlkelhi 0.l8 2.16 4.52 7.40 3.59 9.40 

N~lam L\lng 0.48 ,. 5.80 800 456 10.20 

Kh8I1l1llleogeaa O.~6 '" 21Q 3.52 ,~ ,. 
Je·2 0.42 1.86 B6 9.78 5.25 II.M 

Sogali'ingi. 0.49 L" 4.18 6.56 128 9~ 

~ Ed.± 0.024 O.1l'J7 O.ISS O.IS<! 0.1Il 0.2)8 

CD(I'"""-IJOOS) 0.049 0.198 0.111 0.387 0.111 0.1<0 

CD(P=O.DI) 0.061 "" um 0.5.12 U19J Il.bO) 

Average of three observations 
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cm"i48 h, while 'Kharua Bengena' was the least favoured one fonawed by Anma and 

AB - 2 (5.08 to 8.5 cm2!48 b). 

4.14 Phy.ical charaden ofbriDjal varieties 

Data on physical charaaero ofbrinjal varieties, viz., foliago:: density, leaf area, leaf 

thi~kness, angle of leaf attachment, pilosity, veinlet density, stomatal 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 15.0{) leaves/plant in Neelam Long to 77.00 

leaves/planl in Arona. The latter was closely followed by Pusa Purple Long (71.33lplant), 

Pus. Kranti (69.6JfpJant), 'Sagalisingia' (68.67fplant), 'Kharua Bengena' (62.67fplant), 

and Pusa Bindu (60.BlpJant). Whereas Muktakeshi, Pant Samrat, KS-33\, Arka Nidhi 

and Arka Keshav had significantly lower foliage densities (16.67 - 24.00/plant), 

.. Statistical analysis showed significant difference among the varieties. 

4.14.2 Leaf area 

It is evident from Table 47 that the area of leaves increased with the increase in 

age_ The maximum area of young leaf was found in Muktakeshi (49.10 eml) while 

minimum was recorded on Pusa KIanti (18.43 cml) followed by Arona (19.27 cml) and 

Pusa Ultam and AB-2 (20.67 cml). Muktakeshi possessed the biggest (93.97 em2) 

medium aged leaves and Arona the smallest (34.43 em2). Sim.ilady, in respect of older 

leaf also, Muktakeshi re&istered the largest leaf area (187.86 em2), while Pusa Uttam had 



Table 41. F(Jlillge d~n$ity, leaf n ell, lear thickness And AlJgJe of leaf .tt.CbGl~bt of 
brinjal 'V.rie1ie~ 

V~ety 'Folill£c 'Leaf am (.;111', ll.eaf tl!i~ : AIlgIe of leaf 

Wl!lily (mm) ~tlachn>ent 

tkaowp!anl) Vooog M.d;\JII\ age.i Old (~c&'te) 

leaf leaf leaf 

P\l~ Krnl>li 69.&1 1M) 6G.90 H6.U O.2A<l lfd) 

PU$& Purple Long 7UJ 25.61 56.71 101.:;1) o.m ?Hil 

Pusa8ioou {j1}.H l~.!} 193<1 m.7lI o:.m 58.33 

fusa UllAlll ~(l67 1IJ.67 31.20 6l.37 O.l~ 41'}3 

PUSO! aMi!'&' 41.6? 2$.63 ~9.53 9SJ7 o.m ~.OO 

AB·Z S5J3 20.61 41.03 19.26 0,293 55.00 

ANna i7.00 19.27 34.4:1 ~).\J6 c.m $)J3 

KS-l3I '21.)3 11.21i 12.43 142.00 0.153 3800 

I'WSamral 11.00 ~.2t) &6.1}6 IM33 0.16) )(l.3l 

- Arf<~ Kasun 14.00 4<1.41 !tll IS(U6 n06 42.33 

ArhNidhi .1.61 30.10 1l2U m.9<l ~.111 4833 

Mutl10ieshi 1<>.61 49.\0 ~HI Ig1.~ O:lltl 6Jj J 

!licelam l"n,g 15.00 31.01 74.63 150.23 (U3~ 46.67 

lOIBru& Bengtll) 62.47 l'.oo ~9.~1 100.10 0.20J ~6.JJ 

le-l 38.00 4130 89.77 153.11 0.113 49.67 

Sag_alisingia 68.61 28.11 10.71 147.~ 0.117 8833 

S.Ed:t 9.23 1.53 1.11 S • .u 0.024 l.% 

CO(M.OS} 18.&1 J1Z 5.54 !I.GS (1.649 6.03 

tl)(N.OI) 1$:11 03 ?45 14.&6 1).066 s.II 

( Mean of theee observati";S 
) Meon ohi~ ob$eevallons 
Y Olmg. medium and old age.!! leaves were pi<;.ked from t<>p, mid and bottom and third of 
canopy, respectively. 
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the smallest leaf area (61.37 cml
). Data on leaf area of different age groups of the 

varieties varied significantly (P ~ 0.0 I). 

4.14.3 Lea{tbickness 

Data on leaf thickness tabulated in Table 47, clearly indicated that there were 

significant variations (P = 0.01) among brinjal varieties. The thickest leaf was found on 

AB-2 (O.293 mm) and the thmnest on Aruna (0.113 mm), followed by Pusa Bhairav 

(0.127 mm), Neelam Long (0,]30 mm), 'Sagalisingia' (0.147 mm) and KS-HI (0.153 
• 

mm), which were at par. 

4.14.4 Angle of leaf attachment 

Data on angle of leaf attachment of different brinja[ varieties are presented in 

Table 47. Significant difference e:o.:isted 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 data (Table 48) on leaf pilosity (both upper and 

iower surface of young, medium IIged and older kaves) eY.hibited significant difference 

among tile varieties. The leafpilOliity decreased with the advancement of age of the leaf. 

The maximum pilosity (188.00 hairs/9 mml on lower surface) of young leaf was found 

on variety Arona. The least pilosity on both the surfaces ofYOWlg leaf was found on AB­

:2 (50.00 hairsJ9 mml on lower and 31.00 hairs/9 mm~ on upper surface). Varieties KS-

331, Muktakeshi and JC-2 also le(;orded comparatively higher leaf pilosities ranging 



Table 48. Leaf pilosity of briDjal varieties 

V,,", L Pilosit), (00, of n.n'J ..t) 

Young (taf Med,um aged leV "" at 

U L U L U L 

I'1Lsa KraotL 49_00 109,1)(l >6.31 80.33 26.33 W.OO 

Pusa Purple lAng 68.00 000 53Jl 76.00 42.n 56.31 

Pus.Bindu }J.b? 59.00 20_67 46_]3 14.30 29W 

PIlSll u,uam 4).6J 73.67 27.33 49.00 I2W 38,00 

Pw. BhaLt"" 73.60 110.3) 5>. 89.00 31.00 56.00 

Ail.] )1_00 '". 23.3:1 l6.1)(l 18_00 29.66 

Ar"na 126_6J ISS,1)(l 11.61 161),67 100.66 146.Jl 

n·JJI I{lS,OO /3{),DI) oo. )2J_fl "00 100,33 

PilOt Samrat IU) 76.3) 37.61 55.3) 29.33 37,00 

Ari;a K"OaI' 6UJ rr.6T ~~3S 57.00 24,00 ,Mil 

Ark~Nidhi 76,{II) 98.00 61.67 78.6, 35,00 55.67 

Muk!ilishi 916J 12Ll) Sl13 III 11 m.ll %.33 
• 

N~~li!IIt lAlrlg 64.67 110,00 49_67 84.67 16.33 35.67 

Kn.aru.lle1~ena 57_66 ".00 46_00 52.00 30.67 49.&i 

lC·2 85_00 120.33 BOO 99_67 64,67 83.66 

Sagalisingia ,"00 109.67 40,67 89.00 19.3) ".00 

S,Ed.± 2,51 1II 2_13 '" 2,49 2.38 

CD(P-Q,Q5) 5.19 6.35 '" 4.97 sm 4.85 

CD(P-Q,OI) 6,98 8.54 '" 6_68 6,82 6_53 

1 Mean of three replication~ 

U = Upper surface, L = Lower surface 
Young, medium and old aged leaves were picked from top, mid and bottom one third of 
canopy, respectively 
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[rom 120.33 _ 130.00 hairs/9 mm1 on lower surface and 85.00 - 108.00 hairs/9 mnl on 

upper surface. 

[n case of medium aged leaf, the maximum pilosity on both swfaces was found 

on Aruna (160.67 hairs/9 uun2 on lower surface and 111.67 hairs/9 nun2 on upper 

~urface), while minimwn was recorded in AB-2 (36.00 hairs/9 mm1 on lower sw-face) 

and I'usa Bindu (20.67 bairs/9 mro1 on upper surface). 

[0 older leaf also, maximum pilosity on both surfaces was found in Arona (146.33 

hairs/9 mm1 on lower surface and 100.66 hairs/9 nun l on upper surface) and minimum 

?ilosity Wa$ fOlll'ld in Pusa Bindu and A.B-2 {29_66 hairsl9 mn-,l 1m [OYler surface) and 

?u~a Utlam (12.66 hairs/9 mm2 on upper surface) followed closely by Neelam Long 

(35.67 hairsl9 mm1 on lower surface and 16.33 hairsl9 mm1 on upper surface). However, 

pilosity in Pusa Bindu and AB-2 on upper surface were 14.30 hairs/9 mnl and 18.00 

hairsi9 mml, respectively, whereas pilosity in Pusa Utlam on lower surmce was 38.00 

.. hairsi9 mml. 

4.14.6 Veinlet density 

Data on veinle! density of brinjal varieties are shown in Table 49. The data 

showed significant difference among the varieties in this regard. Variety 'Sagalisingia' 

contained the highest number of veinlets (116.33/35 mml) followed by Muktakeshi 

(111.66/35 mml), whereas Pusa Kranti possessed the lowest (49.33/35 nm?), Nee!am 

Long (103.00/35 mm2) and JC-2 (104.00/35 mm2) also recorded higher "einle! densities. 
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4.14.7 Stomatal density 

Data on 510matal density ofbrinjal varieties are presenred in: Table 49. Analysis of 

vamlIlce showed significant differences of stomatal dellSities among varieties. The 

number of ~tomata varied from 23.33/40X mic-field in 'Sapingia' 10 68.33f40X mic­

field in KS_331. Variety Arka Keshav (27.33i40X mie-field) also registered lower 

stomatal density. 

4.14.8 Lear ~olour 

Data on leaf colour of brinjal varieties are presented in Table 49. Statistical 

analysis showed that there were significant differences among varieties with regards to 

Jeaf colour (red, yellow, blllC, green) UlCssured ill Lovibon<! scale. The highest red colow 

comfxment was found in variety Pus« Bindu (5.18 Lovibond scale) and lowest was 

measured in Pusa Kranti (1.66 lAwibond scale). The intensity of yellow colour after 

subtracting the dullness value (i.e. red colour) waa highest on Pusa Ktanti (9.04 Lovibond 

scale) in comparison to others, while Pusa Bindu (3.82 Lovibond scale) scaled the lowest. 

The yellow colour on all oilier varieties l"llIIg~d from 5,]3 to 7.50 Lovibood scale. The 

leaves of varieties Arona (2.83 Lovibond scale) and Neelam umg (3.06 Lovibond scale) 

after subtracting dullness value, were f()W1d to be lighter blue colouted. Inten$ity of blue 

was more, particularly on 'Sagalisingia' (4.5Q Lovibond scale), Pusa Ktanti (4.36 

Lovibond scale) and Pusa Uttlun (4.3Q lovibond scale). 

Greenness ()f the leaf was calculated by e/inlli:tating I1ll dullness I'lIlucs. 

Statistically, the data on intensity of green colour significantly differed among varieties. 

It showed that the variety Pusa Kranti (13.35 Lovibond scale) possessed darker green 
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coloured leaves as compared to other varieties. Varieties Pusa Bindu (7.65 Lovibond 

scale) and Arona (8.03 Lovibond scale) had lighter gr=l colQUJed leaves. Whereas, aU 

other varieties had grten coloured leaves measuring 8.97 - 11.53 Lovibond scale. 

4.15 Diochemkal clurrllcten aflenl'S of brinjal ".rimes 

4.15.1 Tolalnitrogen ..,ontcnt 

Data on total nitrogen content of leaves ofbrinjal varieties are prestmted in Table 

50. Varieties Aruna (3.81 %), le-2 (3.63 %), AB-2 (3.62 %) and Pant Samrat (3.15%) 

contained higher total nitrogen contents. Lowi:r contents 01' total nitrogen were found in 

!he leaves ofpusa .Purple Long: (2.14%), Pusa Utlam (2.18%) and Arka Nidhi (2.l9%). 

4.15.2 Crude protein <:ontent 

Data on crude protein content of leaves ofbrinjaJ varieties are shown in Table 50. 

The crude protein cOntent ranged from 13.37 per cent in Pusa Purple Long to 23.81 per 

.. cent in Arona. Varieties Je-2 (26.69%) and AB-2 (22.62%) also had highet crude protein 

4.15.3 PotassiUDl content 

Data on potassium content of leaves ofbrinjal varieties are presented in Table 50. 

Variet) Pusa Bindu (1.64%) registered the highest potassium content followed by 

vaneties Pant Samrat (152%), Arka Nidhi (1.48%) and PIISa Kranti (l.47%). The [ower 

po1a>Sium contents of leaves were recorded in varieties, JC-2 (0.89%), Neelam Long 

(0.96%) and 'Kharua Bengena' (0.97%). 
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4.15.4 Crude fibre-CQI/W,,' 

Crude fibre contents of leaves of brinjal varieties are presented in Table 50. The 

highest COlllent of crude fibre was found in 'SagaEsingia' (19.80%) followed by 

Muktakeshi (18.20"10). Lower crude fibre contents were found in Pusa Bhairav (6.24%), 

Anum (7.00 "!o). Pusa Krant; (8.72%) and Arka Nidhi (9.30%). 

4.1S.5 Moisture eontent 

Data on moisture content of leaves afbrinjal varieties are shown in Table 50. lbe 

moisture content of leaves varied from 72.40 - 84.49 per cell[ registered by variety 

'Sagalisingia' (lowest) and Pant Samrat (highest). 

4.15.6 Tannin content 

Table 50 shown data on tannin content of leaves of brinjal varieties. The highest 

tannin content was recorcted on 'Kharua Bengena' (3L81 mglg) followed by KS-33l 

• (2953 mglg) and 'Sagalisingia' (25.67 mglg). Lower tannin contents were found in Pusa 

L1ttam (7.76 mg/g), Pusa Kranti (8.52 mg/g), Pusa Purple Long (8.74mglg) WId Pusa 

Bindu (9.21 mg/g). 

4.15.7 Total phenol conttnt 

Data of total phenol content of the leaves of brinjal vareities are shown in Table 

)0. [lIe higllesl total phenol content (4.38mglg) was r~~orded on 'Kharua Bengena' 

fnllow~d by 3.9lmglg and 3.36mglg in 'Sagalisingia' and Pant Samr"t, fl'spectiveiy. The 

luwe:;t level of phenol (2.34mg!g) was estimated in th~ kayes ofPuSJI Bindu.. Pus;!. Ultam 

12.54mglg) and Pusa Kranti (2.65mglg) also registered low levels of phenol. 



Table SO. Bio~hemiul ~ompo~ilion of leaves of brinjal varieties 

Variety ,~, C ... - C ... Moiswn: lllllllin 'oW 'oW," lOlal 
nitrogen prolein 1%, fLO'" (%) (mglg) phenol amino CNbohydrat< 

I%( "" ~., '""'. acid (%, 
(mglg) 

1'1J" Kranti 2.20 13.75 1.47 •. n 80.67 '" 2.65 0.98 11.93 

Pusa Purple Long 2,14 1331 1.31 14.60 8201 8.74 m 1.08 12.1 g 

PL!.Ia Bioou 2,62 16.]7 '" 1].40 "00 9.21 2.34 "" 10.60 

1'1J,. UIIllm 2.18 13.62 1.32 11.80 75,]4 7.76 '" O.W 10.70 

Pusa Bhairav 2.58 16.12 1.30 6,24 80.]5 11.85 2.10 1.24 1350 

m 3.62 22,62 1.13 I J.60 82.41 12,01 3.25 1.09 1)00 

Anml 3.81 2UI 1.43 '00 82,82 10.90 3.02 0.95 12,&6 

KS--]31 2.38 14.81 lAO Il20 82,44 29.5) 4,17 1.03 1158 

PM1 Samra! 3.15 19.69 1.52 14.60 iM9 14.]6 J 3. 1.32 lJ.24 

Arka K.sha, 2.44 15.25 '" 12.30 82,4{I I US '.n O,SO 12.70 

MaNidhi 2,19 13.68 ,~ 9.]0 84.32 12.10 ,." 0,93 12.48 

Muktake.hi 2.50 15.68 (~ 18.20 7Jj7 13.80 118 1.36 15.15 

N«lam Long 2.67 16,68 0.% 17.20 7,.7i 10.15 2.74 0,91 11.36 

Killrrua B'TIK,na 2,26 14 12 0.91 17.80 74.~ 31.81 4,]8 O.W 10.16 

le-2 l63 22,69 0.89 16,80 75.20 ". ll2 1.29 16.56 

Sagalisingia 235 14,69 I.lJ 19,80 72.40 )5,67 3.91 1.16 13.20 

Estimations were done from 11 composite sample of 15-30 leaves collected from top, 
middle and bottom canopy of each variety 
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4.15.8 Total free amino acid 

Data on total free amino acid of leaves ofbrinjal varieties are presented in Table 50. 

'IOlal free amino acid content ranged from 0.86 mglg in Arka Keshav to 1.36 mglg in 

Muktakeshi. While varieties Pant Samra!, JC-2 and Pusa Bhairav contained higher amino 

acid COiliem ranging from \ .24 - 1.32 mg/g. 

4.15.9 Total carbohydrate content 

Data on total carbohydrate content of the varieties are presented in Table 50. Total 

~a[bohydrate contents in the varieties ranged from 10.16 per cent in 'Kharua Bengena' to 

16.56 per cent in JC-2. Variety Muktakeshi (15.25 %) abo contained comparatively 

higher carbohydrate content. 

4.16 Association of physical and biochemical characten of brinjal varieties with 

iofestathlll and life-parameters of A. gossypii 

Population density and life parameters such as nymphal period and rate of 

reproduction of A_ gossypii showed significant difference among brinjal varieties. Hence, 

correlations of these parameters with physical and biochemical characters of brinjal 

varietie~ were studied. 

4.16.1 Correlation of physical eharllcten 

4.16.1.1 Leafarea 

Correlation studies (Table 51and 52) revealed that no significant relationship of 

leaf area existed with population density, nymphal period and rate of reproduction of 

A gQssypli. 



Table 51. A3socia(ion of physical eharaden of briajal uridies with population 
deMity of A. gossypii and H. vigintioctopunctlJtIJ 

Physical character Population density of Population density of 
A. gossypij H viginlioc/QpuncW/a 

Statistical parameters Statistical parameters 

, k , k 

Leaf Area 

Young leaf 0.)43 11.764 (-) 0.046 0.212 

Medium aged I~af 0.299 8.940 (-) 0.007 0.004 

Older leaf 0.269 7.236 (-) 0.198 3.920 

Leal pilosity 
YOIUIg kll_/ 

Upper surface (-) 0.104 \.081 (-)0.286 8.179 

Lower surface (-) 0.007 0.004 (-) 0.255 6.S02 
Medium aged leaf 

Uppet surface (-) 0.088 0.774 (-) 0.332 11.022 

Lower surface (-) 0.036 0.129 (-) 0304 9.242 

-'k4i 
Upper surface (-)0.112 1.254 (-) 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 Ihiclmess 0.105 \.102 (-) 0.025 0.062 

Angle ofleal alta~hment 0.264 6,969 (-) 0.037 0.137 

Veinlet density 0.429 18.404 (-) 0.059 0.348 

Stomatal density (-) 0.366 \3,396 (-) 0.369 IM16 

L~af ~olour 

Rod (-)0.044 0.194 0.420 17.640 

Yellow 0.422 17.808 0.073 0.533 

BIl.Ie 0.154 2.372 0.367 13.468 

G~" 0.408 16.646 (-10.198 3.920 
All the correlation oo-efficients are non significant at P - O,OS 
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4.16.1,2 Leaf pilosity 

Leaf pile-sily of brinjal varieties did not show significant correlation with 

population density, nymphal petiod and rate of reproduction of A. gos~ypji. (Table 51 and 

52). 

4.16.1.3 Foliage density 

The correlations of foliage density of brinjal varieties with population density, 

nymphal period and rate of reproduction of A, gossypii were non-significant (Table 51 

and 52). 

4.16.1.4 Leaf thickness 

Correlation studies (Table 51 and 52) indicated that no significant correlations of 

leaf thickness existed with population density, nymphal period and rate of reproduction 

of A, gos.'ypii. 

4.16.1.5 Angle of leaf attachment 

Correlation studies (Table 51 and 52) showed that there was no significant 

relationship between angle of leaf attachment with the population density, nymphal 

pcnod and rate of reproduction of A. gossypil. 

4.16.1.6 Ve;plet density 

Veinlet density of brinjal leaf did not show any significant correlaticm with 

popUlation density, nymphal period and rate of reproduction of A. gossypii (Table 51 and 

52). 



Table 52. Assodation of physical charact~rs of brinjal varieties with life param.eters 
of A. gossypii 

Physical character Nymphal period Rate of reproduction by adult 
female 

Statistical parameters Statistical parameters 

, k , k 
Leaf Area 

Young leaf (-) 0.088 0.774 0.227 5.153 

Mediwn aged leaf (-) 0.114 1.299 0.276 7.618 

Older leaf (-) 0.074 0.547 0.236 5.569 

Leaf pilosity 
YO(lItg leaf 

Upper surface 0.293 8.585 {-) 0.210 4.410 

wwer surface 0.109 1.188 (-) 0.128 1.638 
Medium aged leaf 

Upper surface 0.299 8.940 (-)0.2IS 4.752 

wwer surface 0.161 2.592 (-) 0.138 1.904 
Older leaf 

Upper surface 0.313 9.797 (-) 0.242 5.856 

Lower surface 0.273 7.453 H 0.252 6.350 

Foliage density 0.024 0.057 (-)0.170 2.890 

Leaf thickness (-) 0.087 3.497 0,093 0.865 

Angle of led attachment (-) 0.296 8.762 0.272 7.398 

Vcinlet density (-) 0.352 12,390 0.390 15.210 

Stomatal deosity 0.J91 15.288 00.241 5.808 

Lcafcolour 
Rod 0.009 0.008 0.071 0.504 

Yellow (-) 0.464 2l.529 0.278 7.728 

Blue (-)0.236 5.569 0.257 6.605 

G=" H 0.437 19.097 0271 7.344 

All the correlation co-cillcients are non significant at P - 0.05 
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4.1t>.1.7 St0m"iltal del'lMty 

Non-significant correiat;oJi existed between stomatal density of brinjai leaf with 

j)or;llllation density, nymphal periQd and rate Qfr~rod\lCtiort of A.. gmsypiL (Table 5. \ and 

52). 

4.16.1.8 Leafeolour 

Leaf colour did not have any effect on populatIOn density, nymphal period and 

rate of reproduction of A. gos,ypii. Correlation coefficients were presented in Table 51 

and 52. 

4.16.2 Cl)rrelatioD with biochemical cbanu:ters 

4.16.2.1 Total nitrogen content 

table S3 showed that UQ significant relatmnship of totlll. nitrogen content of leaf 

~xis\cd with the population density, nymphal period and rate of reproduction of 

A. gossypii. 

4.16.2.2 Crude protein content 

Crude protein content of the brinjal leaf did not signif=tly influence the 

population density. nymphal period and rale of reproduction of A. gO$sypii (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 = 0.05) of ,( gossypii (Table 

53). However, no relationsbip existed between potassium content witb nymphal period 

and rate of reproduction of the aphid. 
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The regression equation Y .. 24.75 - 7.56X expressed the extent of relationship of 

'K' content oflcafwith population den5ity of A. gossypii (Figur<;: 23A). 

4.16.2.4 Crude fibre content 

No significant relationship of crude fibre content ofbrinjalleaves existed with the 

population density, nymphal period and rate ofreproductioll of A, gossyph (Table 53). 

4.16.2.5 Mui,ture content 

MOlstnre content did not have any significant correlation with the nymphal period 

and rate of reproduction of A, gossypli. Population density, however. had significant 

m.'galive relationship with the moiliture «mIen! (r ~ - 0.497, P = 0.05) (Tab)" 53), 

The regreg,ion equation ellpressing the relationship of leaf moistlJre content with 

population density of A. gwsypii was Y = 3.309 - O.202X (Figure 238) 

~.16.2.6 Tannin content 

TalUlin content of brinjal leaves did not have any significant influence on 

population density, nymphal period and rate of reproduction of A. gossypii (Table 53). 

4.16.2.7 Total pbelWl content 

Population density, nymphal period and rate of reproduction of A gossypii were 

nO! significantly aftected by total phenol content of brinjalleaves (Table 53). 

4.1b.2.8 Tolal free amiuo add oouleul 

A. gossypii infestation and the life parameters had no signiticam correlation with 

tne total free amino acid content ofbrinjalleaves (Table 53). 
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4.16.2.9 Total carbohydrate conttot 

No significant correlation of total carbohydrate content of brinja.l varieties existed 

with nymphal peTiaa and rale Qr Iejl'Ioouctioo of A_ g03Jypil. However, pooiti"e 

significant correlation (T ~ 0.543, P ~ 0.05) resulted with total carbohydrate and 

puplllation density (Table 53). The association was expressed by the equation 

y ~ 0.918 + O.057X (Figure 23C). 

4.17 Assuciation of physical and biochemical characters of brinjal varieties with 

infestation lind life p"rllmeten of H. vigmtioctopunctara 

Population density, larval period, pupal period, adult longevity, fecundity, rate of 

oviposition and sex ratio of H. viginliocropunc/ala were found to be significantly 

influenced h)' the brinjal varieties. Thus correlation of these parameter!> with different 

physical and biochemical characters of the brinjal varieties were studied. 

4.17.1 Curr1liatiuD of physi~al ~haracters 

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, pupal period, adult 

longevity, fecundity and se~ ratio of H. vigimiocropr;nC/a/a. However, significant 

positive correlation existed between leaf area of young leaf with rate of oviposition 

(r -0 0,551, P = 0.05) and mediwn aged leaf with rate of oviposition (r = 0.532, P = 0,05), 

Regr~ssion equations Y = 3.937 + OJ68X and Y = 3.803 + 0.076X, respectively 

, 
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cxprcs~cd the magnitude ofmese associations (Figure 24A and 24B). While old~r leaves 

dId no! have any relationship_ 

4.17.1.1 Leaf pilosity 

Pilosity of brinjal leave~ had no significant relationsbip with any of the 

parameters of H. wginlioclopunctata studied (Table 51 and 54). 

4.11.1.3 Foliage den,ity 

Table 51 and S5 shows that Mne of the infestation and life parameters of 

I/. VlginlioclopUl'lclata studied were significantly correlated with the foliage density of 

brinjal varieties. 

4.11.1.4 Leafthickness 

Leaf thickness had DO significant influence on population density, larval period, 

pupal p~riod, adult longevity, fecundity, rate of oviposition and sex-ratio of 

1-1 vl~lmioclOpunc/(ua (Table 51 and 55). 

4.17,1.5 Angle of leaf atta~hment 

Angle of leaf attachment of brinjal could nol significantly affect the infestation 

and life ~(am"u:rs of H. ~iginljoc/opunctafo smdi~d (Table 51 and 55)_ 

4.17.1.6 Veinlet density 

C()rrelation studies (Table 51 and 55) indicatcc[ that !her" were non-significant 

relatIOnships between vtinlet d~nsity with population density and bfe parameters of 

I-I vigimioclOpunc/Q/a. 
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-u 7.1.7 St()matal densi!)' 

Result of correlation studies shovvn thai stomatal density of brinjal leaf had no 

significant relation'hip with infestation and life parameters of H VlginlioctopunClalo 

{ rable 51 and 55). 

4.17.1.8 Leaf colour 

Correlation studies (Table 51 and 55) showed that larval petrad (r = - 0.565, 

P -- 0.05), fecundity \1 ~ 0,556. ?"' 0.05) and rate of oviposition ir ~ 0.511, P ~ 0.05) 

",ere significantly affected by intensity of red colour of brirJjal leaves Whereas, adult 

longevity was affected by both red (r = 0.640, P ~ 0,01) and blue (r - 0.588, P = 0.05) 

colours of brinjaJ lea.cs. However, red, yellow, blue and gJeen colour of JeaVt"$ did nol 

alfect We PJ)publioll density and remaining life parameters of H vlglrUioClOpunclO/a 

studIed. 

The regressj(lJl 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 22.406 + 9.869X (Figure 25B), with fecundity was Y '" 58.312 T 54.873X 

(Figure 25C) and with rate of oviposition was Y ~ 4.461 + l.794X (Figure 25D). While 

tile regression showing the relationship between the intensity of blue colour <U1d adult 

longevity was Y ~ 0.918 + 7.35IX. 
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4.17.2 Correlation of bio~hemical chal'1lcters 

4.17.2.1 Tutal nitrogen content 

Nu significant correlation (Table 56) of Iota! nitrogen contents of brinjal varieties 

~xistcd with population density and life pllnlIl1eters of H vigimio<:lopul1cfala studied. 

-4.11.2.1 Crude protein ':(luteal 

Comllliiol) studies revealed that crude protein content of brinjalleaves did not 

have any significant relationship with population density and life parameters of 

If. vigimioc/opul1clllta studied (Table 56). 

4.17.2.3 Potassium cODlen! 

Correlation studies indicated that potassium contents of brinjal leaves were not 

significanlly correlated with infestation and life parameters of H. viginlioclopunctala 

studied (Table 56). 

4.17.2.4 Crude fibre content 

NQ significant influence of leaf fibre e){isted upon infestation and life parameters 

of H vigimiodopuncta/a re\:orded on different brinjal varieties (Table 5b). 

4.17.2.5 Moistur~ content 

Moisture eontent of brinjaJ JeaYe$ did not have any sign;fieant effect OJ! 

population density, larval period, pupal period, adult longevity, fecWldity, rate of 

()viposition and sex -ratio of H. vig;n/ioCIQPunclata (Table 561· 
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4.11.2.6 Tannin CI)Dt~nt 

Correlation studies (Table 56) indicated that tannin content of brinjal leave, had 

marked influence 011 population density (r '" - 0.550, P '" 0.05), rale of (wiposition 

(r - 1).498, P ~ 0.05) and sex ratio (r = 0.503, P ~ 0.05) of H. vigintioclopunc/ata. 

However, it had DO significant effect on larval period, pupal period, adult longevity and 

kcund,ty of the c()ccin<;!lid. 

rhe rcgr<::~~i~n equations expressing the relationships of leaf tannin with 

population density, rate of oviposition and sex Tlltio of H. vigmllocwpuncfala were 

Y - 2-324 - Q,029X, Y '" 11,580 - O.182X and Y ~ 1.276 + O.034X, respectively (Figure 

).6A, 268 and 26C). 

04.17.2.7 Total phelWl COllII'll! 

Population density (r = - 0,691, P = 0.01), lecundity (r - - 0.592, P = O.05J, tate of 

'wiposiliotJ (r" - 0.621, P = Q,Ol) and sex ratio (r ~ 0.654, P ~ O.Ol) were found to 

pcs"css significant correlatiQIlS With phenol contents of brinjal varieties (Table 56). 

Larval period, pupal period and adult longevity, however, did not have any 

sigrlit1cant correlation with the phenol content. The regression equation expressing the 

relationships of leaf phenol with population density, fecundity, ratt of oviposition and sex 

rallO of H. vigmlioclOpunctata were Y '" 3.35b - 0.470X, Y ~ 440.36\ - 79.35X, 

y ~ \8.103 - 2.96SX and Y - - 0.017 + 0.58IX, respectively (Figure 27A. 27B, 27e and 

27D). 
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4.17,2.8 Total free amino lIcid content 

Table 56 shoVvs that the association of free amino add wnlenl of brinjal leaves 

with infestation and life parameters of 1-1. viginlioctopu;,ctaro studied wete non· 

,ign,l1cant_ 

4.17.2.9 Total earb<>hydrate e(lJ:ltent 
• 

Correlation studies revealed thai carbohydrate content <:>f brinja! leaves did lIot 

haw any signilicant relationship with infestatIOn and life parameJers of 

1-1. c'igmt'oclOpu/lcWta (Table 56) . 

• 
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CHAPTERV 

DISCUSSION 

Brinja! aphid, Aphis gcmypii Glovet is an important sucking pest of brinjal crop 

throughout the ttopic$ and sub-tropics. In As!iiUll, it has become II major pest ofbrinjal in 

recent times, Extremely scanty !IUd sporadic infonnation on this aphid's biology, ecology 

and varietal screening studies done in other parts oftlu: country are available (Butmi and 

Vema, 1976; RDy and Behura., 1983; Banerjee and Raycllaudhun, 1985; Reddy and 

Biradar, 1990; Singh et ai"~ 1990). NI) information on its seasonal incidence. popuiati()n 

dynamics, distribution pattern and hClSt plant resistance is available from the north-east 

region of India, barring II few prelinUnary studies on t%:ology and management of this 

pest made by Kalita (1996). 

The 28-spatted epllaclma bet'tle, HeJWS~pjJ{lchna viginnuclOpuncfata (Fab.) is II 

wei! known major pest of QrinjaJ and is wi<lely distributed in almo..'. alJ regions of the 

world, It is II (;ommon pest of solana:coow:, cuclllbit.wl!;oll& and J.eguminoll$ crops. 1bis 

<pe~ie, is recognized as anoil!er important pest ofbrinjal in Assam. o.,spile few works on 

its biology, morphology, chemical control and bost pliWt resi$ll!IICC studies in Assam 

(Sonowal, \970; Phukan, 1916; Botail, [977 and Devi, 1988), and some works on irs 
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ecology and varietal sc«:ening studies (Suman et al_, 1987; R.amzan el al., 1990; and 

Rajcndran and Gopalan, 1998) in other parts of India, infonnation on 'patial distribution 

pattern and various other aspects of this insect is practicaUy scanty. 

The present investigation WlIS airnc<:I at Wldef'Staruiing the population ecology of 

• 
these two pests in brinjal crop and to evalUll(e btinjlll VfIrietres fur ~i~ against them, 

The results of the present investigation are dis<;ussed hereWlder. 

5.1 Seasonal population mud of A. gossypii on brinjal 

The attack of A, gossypii commenced at the seedling stage of the crop during 

second week of October (14 October) in 1998 - 1999 and during s<x:ond week of 

November (11 November) in 1999 - 2000, The apttrous population oradually increased 

in the field Jill the crop was .approaching early vegetative stage in between second and 

third week of November fur 1998 - 1999 crop, and in between first and second week of 

• 
December for 1999 - 2000 crop. Whereas, alatc adults dedined during this period, then 

increased again in the month of December for 1998 - 99 crop and in the month of 

January tor 1999 - 2000 crop, !.Uid finally disappeared from the field in the month of 

Febtuary at the fruit initiation sUige. However, apktoUS nymphs and adults steadily rost 

from the late vegetative stage of the crop, in the l!l5t week ofDecembeJ: for the first year 

crop and in the third week of January for the second year eTl)p. At the time, when a/afe 

adult. were not present in the field, apterous population reached their peak at the 

!lowering stage of the crop during last week of January for 1998 - 99 crop and last week 

of February tor 1999 - 2000 Ctop. Then onwards, apterous popuiati(ln declined to its 

minimum population de!lllity and alate adults reappeared and reached its peak during the 
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mw.th of April, when. tht crop 'Wws,lI.t it!; last stage. Banetj« and R~;'i~haudhuri. (l9&S) 

recorded the appeara.o~e of A. gQ8sypit alates on brinjal in West Bengal from late 

NovemJx::r to late Decembc::r and peak of aphids (apterous) was recorded in late February, 

when the plants became matured. Banerjee et ai. (1986) also [oWld that A. gossypii 

populaaon first appeared in 0ct0beJ: and peaked in February, when the plants were 5 to 8 

months old. They also recorded that per ccnt alate viviparous remale population declined 

from October till December, thCll increased again and reached a peak in April. The 

percentas", of apt<:n'le increas~ ftem NCM:mber \0 January. G'neti)''a. and Butani (1995) 

also ma.de similar observations on peak of this pest on coriander. While, Araujo and Sales 

(1985) stated that increase in population of A. gosSJ'Pli on cotton was favoured by the 

presence offJower bud, which nearly confinned 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 aplerous adults/plant and 0.40 

alate adults/plant; and 2.73 nymphs, 1.20 apterous adults and 0.60 alate adults per plant, 

respectively. Thereafter, the opterous population decreased and again increased gradllllily 

to attain its peak level of38.00 nymphs and 18.93 adults per 61ea.ves on 28 January, and 

11.08 nymphs and 3.40 adults per 6 leaves on 24 February during 1998 - 99 and 1999-

2000. !cspectivllly. Whit\: alate adul.ts «:aclll:d their peak of \ .SMi leav~ on I A.pri\ and 

1.76/6 leaves on 7 April during firsl and second year, respectively. The peak nymphal 

and adult population of apterous form in the present investigation almost coincided (in 

between ~ and It! stage of !he crop) with flowering stage of the: crop in both the ylllltS. 

The low aphid population in the second cropping season might be due to the interspecific 
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competition between A, gassypii and the red spider mite, TetraHychus neQcafedoniCllS 

Andre. Infestation of this red spider mile remained in the field front the month of October 

till the end of February with an approximate population of 30 - 40/cm" leaf. Veeravel and 

Baskarnn (1994) reported rd,rullU fmdings between A. gossypii .md 
• 

H. l'lginlioclopunclala, where this aphids were able \0 eliminate the coccinellids from the 

plant when aphid population was above 60fplant. However, in the present study no such 

competitive displacement was seen probably because the experiment was carried out in 

open lidd, while the sl..my of Veeravel and Baskaran (1994) was eonducted in 

confinement of a net ho\ISC, where the environment, plant density and plan! nutritional 

>tatus were different from the present study. Moreover, the crop stage at which the plants 

were attacked might also be a determining factor. Brinjal plants at mid reproductive stage 

also had all the n:prodlll-1ivc parts such as flower buds, flowers and developing fruits as 

weI! as full vegetation with leaves of all ages, which supported maximwn population of 

tbe aphid. So far as peak period of infestation and ~rop stages are concerned, the results 

of the present investigation are in agreement with those of Baneljee and Raychaudhuri 

(1985), Araujo and Sales (1985) and BlUle1jee 111 al. (1986). 

5.1.1 Impact or natural enemies on A. gossypii population 

-Three coccinellid predators or A_ gOS5ypii were recorded viz., CoccilWl/a repanda 

Thuob, MenochilU5 5exmaculatus F. and Micraspis di5color (F.) (C(K:~ineHidae: 

CQleoptera). However, no parasitoid could be noticed in the coursc of the pre,ent 

investigation. All these three predators were earlier recorded from India (Venugopal et 

(II, 1977; Saharia, 1985; Barman, 1992), from Bangladesh (Haque and Islam, 1982) and 
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from Japan {Suyura and Takada, 1998). The population of C repandn increased with the 

increase in prey population and their peak population reached within zero to three weeks 

01 attainm~nt of peak by A gossypij population. An adult C. repanda could consume 

26, "l3 29.90 aphids/day_ This coccinellid predator showed significant positive 

• 
J5!'ociation with the populatiQll of apterous mOIphs of the prey. Similar type of 

association was also recorded by Venugopal el al. (1977) on Okra. 

M. sexmacuialus, II predatory coccinellid was found preying on A. gossypii 

nymphs and adults. The population of this predator incn:ased gradually with the prey 

population &nd attained their peak either perfectly coinciding or one week before aphid 

p<Jpulatian peak. The population oftbis ptedator showed significant .,Qsitive CQlTelation 

with the apterous prey population in both the years. This predator CQuld consume 15.88-

)6.55 aphids/day. Similar predator - prey association were also reponed by Venugopal el 

01, (1977) and. Srikanth and LakkhlWdi (1990). Palaniswami and Pillai (1981) recorded 

that a single M, seymaculatw "ouId oonswne 15 - III aphids/day, whict1 almost 

cNwvurated the results of the present investigation. 

/vt, di.cotor , lin another coccinellid predator, was also found preyina upon A. 

gossypii. They lIppeared in the field for a shorter period of time and attained their peak 

when apterous aphid population was at de<olining trend and alate adults. were approachin& 

peak durin~ the later part of crop growth. lbis predator had a capacity to conswne 11.22 

11.72 aphids/aay. il showed sigJIificant positive IIssoc1oll;on with the apteroid adult 

population of A. gossypli. Palaniswami and Pillai (1981) recorded sliuilar results. They 
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[OlUld that the mean aphid consumption per day by a M. disc%r ranged from 10-18 

numbers. 

5.1.2 Impact ofmeteorologil:al fadon onA. gossypii population 

• Maximum and minimum temperature showed non-significant negative effect on 

aphid population. It was evident that the aphids showed a little fall in population in the 

month of December for the first cropping season and in the month of 1anuary 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 tmdings sUPPQrted the earlier obseIVations of Araujo and Sales 

(1985), Banerjee e/ 0/ (l986), Chattopadhyay e/ al. (1996) and Debaraj et al. (J996). 

Nozato and Abe (1988) fOWld that survival of A, gossypii was low on cucumber due 10 

high temperature during warmer sellSon in Japan, while in winter, most of these aphids 

disappeared due to low temperature in the field. 

Morning 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. gwsypii was not 

affected by relative humidity. Banerjee et al. (1986) also fOUlld a negative relationship 

between aphid population and relative hwnidity. However, a positive association between 

relative hwnidity and population of A. gassypii was reported by Chattopadhyay ef al. 

( 1996). 

Total rainfall and nwnber of rainy days exhibited non-significant negative 

correlations with aphid population during both the cropping seasons. This finding was 
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almost in accordance with the worb of Araujo and Sales (1985). Roy (1975) also 

r~portcd non-signjficant negative comlation between population of Lipaphis erysimi 

(Kal!.) and rainfall. Chatlopadhyay et al. (1996) and Debaraj el 0/, (1996), however, 

• reported that the numerical abl.llldan<le of aphid was greatly influenced by rainfall. 

Bright sWlshine hours exhibited significant positive correlation with nymphal and 

overall aphid IWPuiHtion (nymph + adult) and non-significant positive correlation with 

adult population in pooled correlation studies, for both the years. Araujo and Sales (1985) 

observ~d that the increase of A. gossypii population was favoured by bright sunshine 

hours. Chatlopadhyay et of. (1996), bowevet, stated that the aphid population increase 

was closely related with decrease in sWlShine hours. Singh el al. {l986) also found 

significant posjtive CDJTeJalion between population of L erysimi and SWlshjne hours. 

5.2 SelUonal population tread of H. "igintiocJopunCtllJ4 on briojal 

{niestation of H viginliOCtopunctata 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 crop. Their gradual decline in population from the month of December at the odd 

vegetative stage (Vl) followed by gradual increase in population was observed from the 

third Or fourth week of January, in the flowering stage (Rl) of the crop. The peak 

incidence oflarva, 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 (~ and R~). Soon 

thereafter, the population declined within three to four weeks during last stages of the 

crop (~ and R7). A study of seasonal abundance of H. vigintioctopunclala on 

solanaceoU5 host plants in Punjab done by RamZllIl C/ al. (1990) revealed that the 
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population Veak of the beetle was attairu:d in the nulotb of Mw:dl, which is in agrtemern: 

with the present [mlling. However, Raj et 01. ~ 1980) recorded their peak on brinjal during 

January in Tamil Nadu.lt was abo evident from the present investigation that the number 

of egg clusters in the field declined, when the population of larvae, pupae and adults 

• 
increased. Similar fmdings on this regard were also reponed by Hirano (1985). Nakamura 

(1976, 1988) suggested thaI the cause of population decline in the later part of the crop 

stage was due to egg Cl!IlIlibaiism, competition for food lII1long larvae or unsuitable leaf 

quatit)' {OT the oocciru:lli&.. Regarrling appearance of H. viginlioclupunc/ala, he reported 

that the pest appeared in the field soon after planting of the brinjal .;rop. 

In the present investigation, initial population of H. vigintioclopwlClala was low 

during both 1998 - 99 (0.40 larvae/plant artd 0.43 adults/plant) and 1999·2000 (0.20 egg 

clusters/planl and 0,2) adults/plant) cropping seasons. The population of this insect was 

<juile low and sparse uplO the month of January during both the years. Theil- population 

shoot up to a high level of 23,20 larvae, g.13 pupae and 3.53 adults pet two bran~hes 

during the ntonth of Mar~h in 1998-99. The peak population of H. viginiioclopuncioia 

\ II.SO larvae. S.'lO pupae and 2.86 adults per two branches) during second year (1999-

2000) was also recorded in the month of March. The population reached peak. wilen the 

crop wa~ at fruit maturation and ripening stage (It! and Rs) ill both the ye!ll"S. During this 

stage of the crop, the plants were also flushing afresh, which might be a probable cause of 

\~il outbreak. R20j er oj. (\980) Ieported the peak larval and adult populalion of 

H. vigmlwclopunC:lpla on brinjal to be 99 and 226 per 100 leaves, respectively. 

Acc~"ding to Rarnzan e/ af. (1990), the highest density of this pest was 526.3/10 plants 



216 

recorded on Solanum 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, Tetranyehus 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 coccineUids 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 ~enopteran parasitoids of the family Eulopbidae viz., 

Tetrasliehus sp. and Pediobiusfoveolalus Craw. Tetrastjehus 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 insw 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 

el ai., 1988), The extent of parasitization of H. vigintioctopunetata eggs by Tetrastjehus 

sp. varied from 6.95 - 35.70 per cent and 7.00 - 43.75 per cent during 1998 - 99 and 

1999 - 2000, respectively. While 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 clllSlers and extent of para$itization by the patasitoid in th~ second year 

and between larval population and extent of parasitization in both the years. The exlen! of 

parasitization of larvae and pupae of the beetle ranged from 3.10 - 22.20 per cent for 

• 
larva~ and 16.60 - 47.50 per cent for pupae during 1998 - 99; and 8.60 - 18.50 per ceot 

for larvae and 8.30 - 31.70 per cenl for pupae during 1999 - 2000. [he present 

observation was in accordance with the reports of Abbas and Nakamura (1985) and 

Rajendran and Gopalan (1997). Former recorded 1.2 - 19.4 per cent parasitization of 

larvae and 59.1 per cent of pupae by P foveola/us, while the latter recorded 47.1 - 49.5 

p~r cent parasitization of the pupae of H vigintiocropunC/a/o. The extent ofparasitiz.ation 

showed significant positive correlation 'Hith the larval population during the first year ami 

with the pupal population in both the ~MS ofinvestigatioll. 

During the COllT5e of the present &tOOy, no predator of ~-lly of the stages of the 

b~ctlc could be noticed in the field. 

5.2.2 Impact of meteurological factors on H. viginti(J(:lopunClala population 

Temperature (maximum and minimum) showed non-significant relationship with 

th~ population of all stages of the beetle in both the cropping seasons. Both maximum 

and minimum temperatures were to some extent responsible for the increase in larval, 

pupal and adult population of the beetle. Devi (\988) reported that temperatllTes bad 

p"'llive dfce! 011 p"pulallon of coccinellids. 

Relative humidity e);hibited negative correlation with the population of 

f-l. vigintioctopunctala during 1998-99 and \999-2000. H"wever, significant negative 
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dfe<;[, were shown by morning relatiVl: humidity with the larval, pupal and adult 

population~ of the cocdneUid in both the years. 

• Rainfall and nlJInber of rainy days had no direct effect on the population, although 

to some extent had negative association with the beetle population in both the year" 

However, the results of the present investigation were contradictory to the findings of 

Dev; (988). 

Bright sWisbine hours showed non-significant negative association with the 

p!JooJation of H vigmtwclDpWlcJata during 1998 - 99, but exhibited oon-signitic.alll 

positive etlect on the population of the beetles during \999-2000. Such positive 

association was also reported by Devi (1988) on Henosepilachna dodecasligml1 Wied III 

~oybean \luring ,ummer. 

5.3 Predatory efficiency of coccinellid predators on A. gO$$Jlpii 

Laboratory studies concerning predatory efficiency of C. repanoo, 

,~1_ sexmaculalUs and M. discolor on A_ gossypii showed significant difference at 

The predatory efficiencies of C. repanda were 100,00, 100.00,87.78,74,90 and 

59.70 per cent wh~n offered 10, 20, 30, 40 and 50 aphids, respectively. Consequently, the 

~onslUnJltion rates were 10,20,26.33,29.96,29.85 aphidsi24 h.lt showed increase in the 

fceding rate of the coccinellid predator with tho;: increase in density of the available prey. 

It is because oflhe lact that there might be an ~a>y assess for the predator to locate preys. 

Saharia (\98l) recorded a moderate efficiency (44%) of C. repanda when offered L 
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aysimi as prey, Barman (1992) also tested the predatory efficiency of C. ~f!p{jnd(J on 

A, {"r"ccivora and fOlJIld this efficiency to be 48.27 per ceot. 

• Predatory efficiencies of M. sexmacuiatlL< were 100.00,79.44.54.80,41.39 and 

)3, I I per cent, when offered 10, 20, 30, 40 and 50 !lumbers of A. gussypii, respectively, 

Tbe consumption rates were 10, 15.88, 16.44, 16.55 and 16.55 aphidsi24 b, respe~live1y, 

Palaniswami and Pillai (1981) also recorded similar con~wnption rate by the coccinellid 

on A, gossypil. 

Predatory efficiencies of M, discolor were observed to be 100.00, 56.11, 40,37, 

30.28 and 25.44 with a consumption rate of 10, 11.22, 12.11, 12.11 and 12.12: 

aphidsi24h, when offered 10, 20, 30, 40 and 50 numbers of A. gossypii. Similar 

Observations were ~corded by Bannan (1992), while studying with A. craccivora. The 

consumption rates obtained in the present study were in conformity with the records of 

Palaniswami and Pillai (\98)). 

5.4 Distribution pattern orA. gossypjj 

5.4.1 Distributioo pattern of A. gossypii nymphs 

The nymphs of A. gossypii appeared in the field, during the second week of 

Q~tober for the fust year crop and during second week of November for the ~"cond year 

~rop, when the crop was in seedling (83) stage. The population roSt to peak in Rl or Rl 

siage (flowering or fruit initiation) in the fourth wcek of January during first year and in 

the fourth week of February during ,econd year. "flu: variance to mean mtios were greater 

than wity for must of the sampling occasions, whiCh signifitd clumped type of 

distribution. However, low values of such ratio~ « \) obtained in \xlIii plant inspection 
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methods [PI(A) - I 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 ok' values (> 8) indicated that 

clumping was low and it was also evident from the higher mean population data in the 

tirst 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 clum~ed 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 el al. (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. 

lwao's patchiness regression and Taylor's power law models showed that 

nymphal population of A. gossypii was distributed in an aggregated manner in both the 

years of investigation. Similar pattern of distribution of A. gossypii was reported by 

Zhang el al. (1998) on cotton in China, Burgio et al. (1994) on cucumber and melon in 

italy and Trumble el al. (1983) on winter strawberry in coastal California. 
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In addition, the present findings also agreed with the findings of Vergara and 

Galeano (l9941 iJlI A. gQ3sipii in cctton and Edelson (1986) in cantalQupe. 

5.4.2 Distribution pattern of A. gO$SJIpii adults 

• The adults of A, go...sypii apPe8J:ed in the crop during the second week of October 

in 1998 - 99 and during the second week of November in 1999 - 2000. The population of 

apterous adults reached their peak in the third week of January in the flISt year and third 

week of February in the second year, when the crop was at flowering (R1) and fruit 

initiation (R,) stage, respectively. While population of alate adults reached their peak in 

the first or second week of April at the last reproductive (RJ) stage of the crop, when crop 

growth ceased in both 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 ellponent-k for measuring the amount of clumping. 'k' values greater 

than eight were obsetVed only in few cases in respect of apterous adults in the first year 

and remaining 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 to higher population density 

of the adults. -This finding clearly agreed with the reports of KWlO (1980) and Evans 

(1982). Deneehere (198\) found that population of A. gossypii had an aggregated 

distnbution on cotton plants that was determined by negative binomial law. The values of 

David and Moore's index of clumping were positive in all the possible cases, Lloyd's 

mean crowding index greater than mean population density and patchiness index grelller 
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than unity, almost confirmed the contagious nature of di$persion of both alate and 

aptemus adults. Mean colony s/zl: furtlter oonflmred the clumping nature of the aphid 

population. Mean clump size computed for adults showed that dumpings were mainly 

due to environmental heterogeneity in the brinjal plots as well as innate behaviour oftbe 

adults in most of the cases, white in half of the cases n;lated to allIte adults' clumping was 

governed by innate behaviour of the alatae. Similar findings were also reported by Singh 

el al. (1990) and, Barman and Dutta (1997). 

lwao's patchiness regres.sion and Taylor's power law models abo indicated 

aggregated distribution of both alatac and apterae of A, gossypii adults. Similar reports 

were also made by Zhang et 0/. (\998) and Tnnnble e/ al (1983). 

5.5 Di!tributiOD pattern of H. vigintioctopullcta1a 

5.5.1 Distribution pattern or immature stages of H. vigintioctopunctaJa 

Among the immature stages of H. vigintioctopunctata, the larval stage was first 

noticed in the field during second week of October, 1998-99; and the esg stage dming 

fourth week of November, 1999-2000, when the crop was at seedling (S» stage. The egg 

cluster COWlts were maximum during fruit initiation (R,l stage in the first week of 

February and [lIst week of March for first and second year crop, respectively. Lalvae 

attained their peak population in between first and fourth week of March at R. and Rj 

;tage (fruit maturation and fruit ripening) of the crop, whereas pupae population reached 

their pcak at the fruit ripening (~) stage of the crop during third or fourth week of 

Marcb. The variance to mean ratios indicated clumped distribution in most of the 

sampling dates. However, in a few initial and later stages of the crop, all the immature 
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stages showed regularity in distribmion. It was clearly indicated by the low population 

density of egg d~ers, larvae and pupae at both initial and later stages of the crop. 

Anscombe (1961) stated that distributioo of an insect wried with me varialion of ib 

population level. Low populations were distributed randomly or regularly, while high 

popUlation had a tendency to become aggregated, The values of exponent-k were less 

than eight except in one or two cases of larval and pupal count, which signified high 

3mount of clumping for populalioo of a!l the immature stages. The present findings were 

in confonnity with the reports made by Suman e/ 0/, (1987), however. they reponed that 

egg masses were dhtributed randomly with a tendency towards aggregation at high 

dcru;ities. The values of David and Moore's index of clumping also indicated similar 

results. The vaIues of Lloyd's indices of mean crowding were greater than mean 

population densitias in majority of the cases for all the immature smges, signifying 

contagious nature of dispersion. The values of the indices less than unity were, however, 

observed in case of egg cluster "Qunts in both the years, which indicated that at lower 

population densities, the egg clusters followed random dispersion with a slight tendency 

towards aggregation when density increa$ed. These indices showed higher val\lell than 

Illlity for almost aU the larval and pupal stages in both the yeats of sampling. Lloyd'~ 

index of patchiness and mean colony sizt values further confirmed the results obtained 

by carlier methods. The stability of these indices for all the immature stages at different 

population densitits in both the years indicated that the populations of egg, larva and 

pupa tend to remain together. The cause of clumping of egg masses was micro­

environmental hettrogeneity in the brinja! plots, where8s dtmlpings in the csse of larval 

and pupal population w~due to both environmental heterogeneity 3S weI! 3S innate 
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behavIOur of the larvae. as evident from the values of mean clwnp siD:. Euv;rOfunenta:l 

netcrogeneilY might Q<;ClU: due to non-Wlifonmty of crop growth, which p<lssibly affe.;;red 

l'egularily in ovipositIOn. Taylor 0961) cx;plained that the main cause of aggregation 

appeared to be a result of the oviposition bl::haviour of female since eggs arc laid in 

d"~lcrs. 

Further confirmation of the results of aggregation was brought about by the 

mmld~ of l",ao's patchiness regression and TayIQr', power law for aU the immature 

stage, uf H vigmlioclOpunClata, during 1998 - 99 and 1999 - 2000, 

In the present investigation, all the immature stages of H_ viginlioCloplI.n<;lata 

tolJowed negative binomial distribution, while egg mass¢s showed ~ome affinity towards 

p<)iss()J) disJributlclJL Suman et ai, (l987) described contagious distribution of 

l! I'Igillfloctoplmclal(l larvae Il!Id pupae on brinj~l, which wa:; in conformity with the 

present tindings. 

55.2 Distribution pattern of H. vigintioctupllnctata adults 

The adults of H vigj"lio<:topllnCtata made their appearance in the second week of 

October during 1998 - 99 and fourth week of November during 1999-2000, when the 

nop was in seedling (S3) stage. Theit population rose \0 peak in the R j stage (fruit 

ripening) during the third or tour'lh week of March. The variance to mean ratios for adult 

p..;.pulalions were invariably greater than unity on al! the sampling dates ex~ept in few 

occasions al the seedling and flowering initiation stage of the crop during first year, 

indicating contagiousness of distribution. The values of exponenl-k weoo les~ than eight 

in majority of the cases, which indicated high degree of clumping among aduhs in Ix>th 
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the years. However, adult populations had a tendency to Ix:comc regularly distributed at 

higher population densities. Kuno (1980) and Evans (982) opined that e;.;ponent-k, 

which measures the amount of clwnping, was influenced by the sizes of population of the 

insects. Expectedly, the values of David and Moore's index. of clumping, Lloyd's indices 

of mean crowding and patchiness, and mean colony size contributed similar results, 

describing the contagious nature of distribution of the adults. The mean clump size 

computed for adults showed that micI'Q-envimnmentai heterogeneity at low population 

density of adults and both environmental heterogeneity and active behaviour of adults al 

Iligber densities might be the causes of clumping. The environmental heterogeneity might 

have occurred due to the non-uniformity of the crop gwwth resulting in differences in 

=opy thickness and height, which might have led to differential preference of adults to 

plants for sheltering and feeding. Reports of Singh el 01. (1990) on density dependant 

clumped distribution of A. gossypii fairly agreed with the present findings on 

H. vigintioclopunCIOta adults. 

lwao's patchiness regression and Taylor'S power law models also confirmed the 

aggregated distribution of H. vigintioclOpunctata adults. 

Earlier, Saikia and Dlilla (1994) reported that Riplo~lu.s linearis (Fabr.) adults 

followed clumped distribution on greengram. Borah (1997) also found that the adults of 

Megocoplo cribranum (Fab.) followed negative binomial distribution on pigeonpea. The 

})resent iindi.ngs are in conformity with these 1l1'0ns. 
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5.6 Optimum ~~mple number 

Optimum number of samples need to be drawll for estimatmg pest population 

depends 011 expected frequency of population density of insects and accurate desired 

levels of precisioll. This could only be possible through extensive preliminary 

mformatioll on the distribution pattern and the population density of the insects. 

Ruesink's model (1980) was used to compute the 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 optimwn number of samples required for ecological studies of A, 

gos'}'Pii nymphs and adults during 1998··99 were 38 and 32 (nympbs) and 37 and 35 

(adults) \Uldcr sampling method PI{A}-l and PI(A)-2, re'pectively. For pest management 

siudies it numbered 6 and 5 for both nymphs and adults under PI(A}-I and PI(A)-2, 

respectively However, optimum sample numbers required during 1999 - 2000 for this 

pest increased 4 - 5 times than the previous year for both sampling methods. The increase 

in optimum sample number was due to low population density of aphids as well as high 

degree of clumping shown by the aphid population. 

The optimum sample numbers (average of twO years data) required for ecological 

studies of H. Vlg;n/;oclopunctafa egg clusters (196 and 172), larvae (196 and 131), pupae 

(216 and 143) and adults (285 and 196) wuier Pl(L)-l and PI(L}-2 ,ampling methods, 

respectively. For pest management studies, the optimum number of samples would be 3S 

and 29 for egg clusters, 31 and 21 for larvae, 35 and 24 for pupae, and 47 and 32 for 

adults in these two methods of sampling, respectively. However, there was no large 

dil1ercnce of sample nwnbers in both the years except sample numbers for adults Md egg 



clusters at 10 per cent precision level. The incteased nwnber of optimum samples fOT 

aduhs and egg cJm.ler counts duriog 1999 - 2000 was due to aggregated pallem of 

distribution and low population delliiiTy of the adults. 

5.7 Varietal resistaoce 

Sixteen brinjal varieties were evaluated for resistance against A. gossypii and 

H. viginlloclopunClalO based on natural infestation Wlder field conditions as well as 

developmental and reprodnctive parameters under laboratory conditions. In addition, 

physical and biocht:mlcal characters of leave, of brinjal varieties were determined to 

a,certain their possible association with infest~tion and biological parameters of these 

insects. 

5.7.11nfestatillll of A. gossypii 

Infestation parameter, such as intensity of attack and population density of 

A. gossypii on brinjal varieties showed significant differences. Intensity of attack 

signiti~antly varied among varieties during the last part of January, when the infestation 

was at its peak in all the varieties. Varieties also had sIgnificant influence on the seasonal 

mean intensity. In respect of population density of the pest, varieties showed significant 

dif(i,"'n~<: during "Illite study period iacJudillg seasonal m"an densities. The differential 

response of the varieties to the attack of aphids indicated the existence of resistance 

mechanism in the plants. Painter (1951) stated that the heritable qualities possessed by 

plants influenced the ultimate degree of damage done by the insect. These inherent 

qualities were specific to the variety, which implied existence of a resistance mechanism 

in the plant. On the basis of intensity, variety Ncclam Long was found to be most 



susceptible to aphid attack. While the varidies Arona and 'Kharua Ben~9' were least 

preterred. These two varieties showed similar response in respect Df aphid population 

density also, which confirmed their unsuitability to aphid attack. For a critical 

examination of varietal resistance, population domsity was considered to be the basis of 

ranking brinjal varieties against A. gossypii. Arona and 'Kharua Bengena' were rankw as 

resistant; Pant Samrat, KS-33! and Pusa Bindu were categorized as moderately resistant; 

Arka Nidhi, PUS!! Kranti, AB-2, Arb Kesbav and Pusa Bhoirav were moderately 

susceptible, while the rest of the varieties were susceptible. Earlier, Reddy and Biradar 

(1990) and Jyoni er al. (1995) evaluated resistance ofbrinjal varieties against A. gossypii 

on the basis of population density ill the field condition and reported that locally available 

brinjal varieties showed resisfllllC¢ to IiOtue extent in comparison to o-ther promising 

varieties. Kennedy and Kishaba (1977) reported that resistant plants exerted moderate 

arrestant effect on aphids. The weaker arrestant effects of resistant than susceptible plants 

resulted in greater inletplant movement ofaphids. 

5.7.21nfestatioD of H, vigintiuctopunctata 

htent of leaf infestation by H. viginlioClOpuncrala differed significantly among 

varieties only in two occasions, when intensity of attack was around its highest. While in 

respect of population density, varieties showed significant differences in all the dates of 

ob;~rvation. Seasonal means were found 10 be significantly different among varieties. 

Between two infestation parameters, population density was \::onsidered to be the criterion 

for ranking brinjal varieties against H. viginll(JClopunclala, because it had significant 

influence on varieties in all sampling occasions. On the other hand, it has higher degree 
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of PlffisjOfiS than intensity in evaluating plant varieties. Results of both the infestation 

parameters revealed Pusa Purple Long, Pusa Bindu, Pu~a Uuam, JC-2 and Pusa Bhairav 

as the Illost susceptible ones averaging the higher intensity of attack and higher 

population densities of aphids. While varieey 'K!Jarua Ben8ena' once agllin pro~ to be 

the most unsliitable also for the beetles, registering the lowest population density and was 

ranked as resistant. Varieties Aruna, KS-331, Panl Sarruat, 'Sagalisingia', Muktakeshi 

and I'usa Krauti were categorized as moderately resistant. The remaining varieties were 

adjlKjged as moderately susceptible. Accmrling to Raj illld KUlllaraswami (J 979), Pusa 

Purple Long was a highly slIsceptible variety and Pusa Krant; a moderately resistant one, 

a, l~sted on the basis of feeding scores. Similarly, Gangl! and Nagappan (1982), 

Sambandam el al_ (1974) and Rajendran and Gopalan (1997, 98) evaluated resistance of 

ofinjal varielies ba:ierl on feeding $COJ"es_ Data on leaf area consumption by this pest 

(Section 4.13.3) also confilTlled these observations. 

5,7.3 Varietal effect on biological parameters of A. gossypii 

5,7.3,1. Developmental parameters 

Total nymphal periods of A. gossypii were shorter in susceptible varieties JC-2, 

Pusa Purple Lon~, 'Sagalisingia', Pusa Uttam, Neelam lAng and Muktakeshi. 

Moderately susceptible varieties Pusa Bhairav, AB-2, A.rka Keshav, Pusa Kranti and 

Ark_a Nidhi also exhibited short nymphal periods. However, this period was longest in 

resistant varieties 'Kharoa Bengena' and Arwla. The trend was similar for nymphal 

survival al50 as the snrvival was maximum in susceptible varietie~ and minimum in 

resistant varieties. Faster development in susceptible varieties might be due to their 
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nutritional superiority or due to Jack of Ilnti}(CllOsis faclOr or due to ab:sl'nct: 01 lower 

presence of antibiosis factor. Results (:If similar nalUl'\: were earlier r~ported by Ekukote 

(1990), KClIlIcdy and Kishaba (1977) and Klingler er (II. (1998) on A. gossypii. The 

differences of nymphal lkvelopment among the varieties were contributed only by the 

tint ;mtar duration :md remaining nymphal instars were nOI evidently a1f~cted by the 

varieties. 

The variation Ul [lISt instar duration in different varieties might be due to 

antixenosis or antibiosis based effects. As the first instar nymphs are to move over the 

plant surface for selection of feeding sites and settlement {()T fueding, they might have 

encountered different kinds of interferene<:: in locomotion and feeding on plant surfaces of 

diftereut varietie,. Norris IUId Kogan (1980) stated that phy~ical and chemical 

charHcteristics of plant interferes with locomotion, feeding, ingestion and QvipositiQU of 

insects, Vas (1m) reported similar tindiilgs on d. cmcciP(JTti. 

5.7.3.1 Reproductive p.aMuneters and adult lpngevity 

The varieties tested did not significantly affect the reproductiVe and post­

reproductive periods, and fecundity of d. gossypii. Pre-reprodueti~e period and rate of 

Ilymphal deposition by female differed among varieties. Adult female aphids awaited 

{anger in resistant ('Kharua Bengena' and Amna) IUld modemldy Te.islallt (KS-J3J and 

Pant Srunrat) varietie~, while it took shorter periods before deposition of nymphs to the 

susceptible varieties. lbe susceptible varieties also accounted for higher rate of nymphal 

deposition by female adults. On the other hand, the resistant and moderately resislallt 

~';jrielies like Arona, 'Kharua Bcngena' and Pant 5.amrat reduceD the nte of deposition of 
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nymphs. The reduced nymphal deposition rates of II, gwsypii on resistant varieties might 

be due 10 either non-proference for nymphal deposition sites, nutritional deficiency, 

pilosJly or plant biochemical defence factors. Findings of similar nature were also 

reported by Hill (1983), Dariev el al. (1979), Wang (1983), and Banerjee and 

Raychaudhuri (1987). 

5.7.4 Varietal effects on biological parameters of H. vigintioclOpunctata 

5.7.4.1 Devl:lopmental parameters 

Incubation period of H.viginlioclOpunclara eggs was longer when reared on 

resistant, moderately resistant and moderately susceptible varieties. However, among 

susceptible varieties. Pusa Purple Long, PU33 Bindu, JC-2 and Pusa Bhairav had shorter 

incubation periodS. Larval development was delayed by resistant variety 'KharWl 

Bengena'. Moderately tesistant varieties like Pant Samrat, Aruna, PUSa Kranti and 

Muktakeshi also lengthened the larval period of H. viginlioctop!1."ctata, Among the 

su,ceptible varieties, Pusa Bindu and Pusa Purple Long favoured quicker larval 

dewJopment. Similarly, 'Kharua BcngelUl', Aruml, Muklak~i, KS-33J and Pant SamraJ 

delayed pU(lal development, while shoner pupal periods were recorded in sllSceptible and 

moderately susceptible varieties. Longer duration of development in resistant varieties 

mIght be due to insufficient nutrient intake by the be<ltles or unfavourabl~ physical and 

biochemical factors of the varieties. Similar nature of results were also reponed by 

Sa~han and Rathore (1979), Ramzan el (II. (1990) and Phukan (1976) on solanaceous 

plants. The hatchability of eggs in the resistant variety was reduced by 24 - 32 per cent 

from that of the susceptible varieties. The larval survival was low in resistant and 



212 

m()(jerateiy resistant varieties while higher larval survival were record<:d ill slISCeptible 

varieties. Similarly, per cent emergence of adults ",as IDQrt in susceptible varieties than 

in the other varieties. Growth mile" was lowest in Arona (2.26) followed by KS·331 

(2-43) and 'KhanUl Bengena' (2.48) and highest in PuSIl Bindu (6.17) followed by Pusa 

PUlpie Long (5.78). Results of Simillii nature we:re obtained by Patil et al (1986) on fruit 

borer, Earl(JS viltella 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 

mechanism in the plant. Das (1999) also observed identical trends of growth index of 

NfJCo/eia IJIIlgaJis Ouen. on grt¢DgraID varieties. Borah (1977) also recorded similar 

results with H_ viginlioClOpUllClala on different cueurbitaceous hosts, 

5.7.4.2 Reprodudive pal1lmeten, adult longevity and $ex ratio 

In resistant and moderately resistant brinjal varieties, the adults of 

H. vigmliocropuncrata reOLained in copulation for brief periods. Pre-oviposition period of 

H vigintlDcfopunclnfn was lengthened in resistant and m<.lderateJy resistant varieties. 

Adults preferred leaves <.If susceptible varieties like Pusa Bindu, JC-2 and Pw;a. Purple 

Long to ovip<.!sit wbere fecundity was maximum, wbereas, lower fecllIldities were 

re~orded on S<.Ime resistant and moderately resistant varieties. Similarly, repwductive 

rates were bigher in susceptible varieties and lower in resistant varieties. In resistant 

variety 'Kharua Bengena' and moderately resistant varieties 'Sagalisingia', Arona and 

KS-331, the sex rati<.ls of H. VlgilltioclopU/'ICtala were more than 2 males: lfemale while 

in susceptible varieties, the ratios were jess than !.5 males: ! female under laboratory 

conditi<.lns. However, the sex ratios offield p<.!pulalion 4id not 4iffer si&nificantly among 
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varieties; the ratios being almost 1:1. The equal proportion of the sexes in natural 

conditions might be due w the fact that in the open field, the male and female population 

had a betrec ch= to mix up, compared to the confillrd condition of the labruatory. 

where the males were proportionally more. Sachan and Rathore (1979) also evaluated 

that pre-oviposition, oviposition and post-oviposition periods of H. viginlioclopunclata 

varied with different solanaceous host. These were longest on Nsislant and shortest on 

susceptible hosts. More numbers of males than females were reported to emerge on 

resistant host plants. Phukan (1976) found that f~cundity of this beetle was more and 

adults lived longer when red on susceptible solanaceous hosts than on resistant ones. 

5.7.4.3 Leahrea consumption by H. viginlioctopunctata 

fumj!lJ varieties showed significant differences Ul regards to leaf area 

coosrnnption by larvae and adults of H. viginlio<:/opunclala. It was also apparent that 

adults consumed more area (If leaf tissues than larvae does in first 48 b of their 

emergence. In this single cboi~e test, the mean leaf area consumption by a siugle larva 

(7.68 cm'148 h) or an adult (20.20 cm' 148h) was measured maximum in Pusa mndu, 

whereas, . Kharua Bengena' registered minimwn leaf area cooswnption by both the larva 

(1.99 cmll48 h) and the adult (5.08 cm'!48 h). Varieties like Pusa Purple Long, Pusa 

Ul1am, Pusa Bhairav and JC-2 were aJoo considered favourable for their feeding. This 

preferential conswnption on brinjal leaves of different variety was also evident from 

:.horter duration of development from egg to adult, higher adult emergence and higher 

growth index of this pest. in these susceptible and moderately suscephble varieties, larval 

survival was also high and the larvae were observed to feed on the leaves almost 
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vanelles; the ratios b~ing almost 1:1. The equal proportion of the sexes in natural 

conditIOns might be due to the fact that in the open field, the male and female population 

had a better dtru:ie<: /0 mix "p. compared to me confmed condition of W lllbonllory, 

wbtre the males were proporticmally more. Sachan and Ralhore (\979) also evaluated 

that pre-oviposition, oviposition and post_oviposition periods of H. viginlioc/opunclala 

varied with different solanaceous host. These were longest on resistant and shortest on 

susceptible b~ts. More nwnhers of males than females were reponed to emerge on 

resistant bust pJanh;. Phukan (1976) found that fecundity of this beetle was more and 

adults lived longer whom fed on susceptible solanaceous hOSIS than on resistant ones. 

5.7.4.3 Leaf area con~umption by H. vigintioctopllncfll/(I 

Btinjal varieties showed signiti(;.1Jl! difJenmC<:$ in regards 10 leaf area 

wllsumplion by larvae and adults of H. ~igi"tioclOpuncwla. It was also apparent that 

adUlts consumed mote area of leaf tissues than larvae does in first 48 h of their 

emergence. In this single choice test, the mean leaf area consumption by a single larva 

(7.68 cm"'AS h) or an adult (20.20 cml/48h) was measured maximum in Pusa Bindu, 

whereas, 'Kharua Bengeoa' registered minimum leaf area consumption by both the larva 

(1.99 cm'/48 h) and the adult (5.08 cm1/48 h). Varieties like Pusa PIIIPle lAmg, Pusa 

lJttam, PUSH Bhairav and JC·2 were also considered favourable for their feeding. This 

preferential consumplion on brinjal leaves of different variety was also evi<Jent from 

,hotter duration of development from egg 10 adult, higher adult emergence and higher 

growth index of this pest. In these susccptibl.., and moderately susceptible varieties, larval 

survival was also high and the larvae were observed to feed on the leaves almost 
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colltmuously. forming skeletonized patches. The leaf area conswnption by lan-ae and 

adults in the present study were almost in agreement with the results obta.ined by Borah 

(1977) and lmura and Ninomiya (1998) with tbis species on different solanaceous and 

cucurhitaceous hosts. In addition, Vasantha el af. (1986) and Rufener e/ ai, (1987) also 

reported that larvae of H. viginJioctQPunClala fed continuously on susceptible host [eaves, 

conswned larger amounts of leaf material, had faster rate of development and low 

mortality rates than the larvae exposed to the resistant lines. The less conswnplion rates 

in resistant varieties recorded in the present study might be due to host morphology or 

presence of plan I a11e1ochemics in large quantities or due to lack ofoutritioo. 

5.8 Meehanism of resistance 

sonja! varieties exerted significant effects on development and reproduction, and 

numerical abundance of A_ g(MsYpii and H. viginlioclopunClala. Among the brinjal 

varieties 'Kharua Bengena' showed its supremacy in deterri!lg both the pests and exerted 

effects on .everal biological parameters. However, Pusa Purple Lo!lg, Pm;.a Uttam and 

JC-2 were mostly preferred by these pests as evidc!lt from their shortcr developmcntal 

period, 10!lger reproductive period and higher fecundity, and higher field population 

densities. 

Studies on the morphological and biochemical characters of the varieties revealed 

that antixenosis factors had no apparent effect on any aspect of the biology and 

population of A_ go.\'sypii. However, higher 'K' content, higher moisture wntent and 

lower carbohydrate content in leaves of resistant and moderately resistant varieties 

significantly affected different life parameters of the aphid. Moderately resistant varieties, 
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Pusa Binda, Pant S=t, Arona and KS-331 recorded higher leaf moisture and 'K' 

conte"t~. 'Kharua Bengena', the aphid resistant variety had the lowest carbohydrate 

content and due to this probable reason, it was unsuitable for their corn;umptioD. This 

supported the earlier works of Allen el ai, (1957), who reported that there is a distinct 

relationship between 'K' content and availability of carbohydrate in the plant. The 

potassium deficient plants were mostly preferred by aphids. 'K' helps in formation and 

translocation of carbohydrates, cell division and water relations in plants (Chakraborty, 

1999), which in tum might confer resistance against aphids. The population density of 

A, gossypli was significantly affected by low moisture content in leaves of 'KhIlrUa 

Bengena'. Low moisture content of leaf has been opined to b¢ a major evolutionary 

hurdle fOT phytopha8ollS in.reds (SoulbwolX!, J978). Similarly, Edward and WI'3ItCIl 

(1980) also stated thaI reduced water supply acts indirectly on insects by changing the 

nitrogen balance in plants. This criterion might also be applicable in the present fmdings. 

Ovel'all analysis of the facts reveals that leaf moisture, 'K' content and carbohydrate 

content playa primary role in deciding the suitability of varieties to A_ gossypii. The 

varieties differed in respect of several morphological traits. However, these were not 

fmUld to be significantly related to resistance of the varieties to aphids. Though in the 

present study, none of the morphological and other biochemical plant characters showed 

any significant association with resistance, however, their involvement in conferring 

resistance was earlier shown by several workers_ Leaf pilosity (Hill, 1983; Levin, 1973; 

Gilbert, \971; Dariey el al_, 1979; Negm el a/_, 1980) and leaf colour (Pathak, \961) are 

known to be associated with resistance to aphid. Totainitrogen conteot (McGarr, 1942; 

Benerjee and Raycbaudhuri, 1987), amino acid content (Hill, 1983) and crude protein 
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~ontem lOavis, 1972; Shvetsova and Alibekova, 19S4) were also reported to be 

3ssociated with aphid resistance. Their proportional differences rather man quantitative 

variations of a particular constituent are probably more important in deciding varietal 

sU113bility _ 

Brinjal varieties also showed marked variations in respect of developmental 

period, reproduction, s~" ratio, adult longevity and field population level of 

fJ \'J.l:JJJliot'li)pUllclnJa. Thus, variation in these parameters indi"",lro an impending 

~ondition of the host plant therein. Positive significant correlation between the leaf area 

and rate of oviposition of the adults appeared to show a preferential respo!lS~ of the beetle 

to bIgger area of young and mediwn aged leaves ror oviposition. Larger and young or 

medium aged leaves could produce sufficient space and adequate nutrition ror newly 

"merged larvae to feed on. Again, the variatioll in response to red colour component of 

the leaves indicated that mOre the red colour, shorter were the larval and pupal periods; 

longer jhe adult longevity, higher the fecundi1y and rate of oviposition. Variety Pusa 

Bindu had the highest red and blue colour components in leaves and was found to be the 

most susceptible variety to H. vigintioctopunclala. Henera and Muniz (1979) reported 

that £pllachna varivestlS MUis. preferred red colour, which is a favourable colour next to 

black. Present fmdings 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 stimulus, which cannot 

provide a strong cUe to insects for discrimination among plants. 
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Brinjal varieties exhibited variations in leaf biochemical contents. Only tannin 

and total phenol contents were significantly correlated with population density, certain 

reproductive parameters and sex ratio of H viginlioctopunclala. The tannin content of 

leaf had significant negative effect on population density and rate of oviposition, and was 

positively correlated with sex ratio. High levels of tannin were fOWld in the varieties 

'Kharua Bengena', KS-331 and 'Sagalisingia', which appeared to be Jess pr~fem:d by the 

beetle. However, less tannin contents were fuund on Pma varieties. Swain (1979) opined 

that higher tannins in plants afford defence to herbivores by reducing nutritional 

availability of soluble PrQlein 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 brirtjal varieties against H. 

viginlioctopuncrala could also be ex.plained on these possible lines. Results of similar 

nature were also reported by lshaaya (1986) and Borah (1987). 

Phenol content of leaves showed significant negative correlation with population 

density and certain reproductive parameters of H. viginlioctopunctata. The present 

illve5tigation revealed thai the favourable hosts Pusa varieties, Arka varieties and variety 

Neelam Long were contained lower amount of phenol as compared to 'Kharua 8engena' 

(resistant) and other moderately resistant varieties. ·The role of phenols in imparting 

resistance to H viginiioClOpunclata 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 el af. (1976), who observed that high amount of phenols of the 

brinjal leaves were implicated with the resistance of varieties to the beetle. Dutta (19&4) 
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a\w 'i':f""rted iliat phenols are knOWl'l to be a factor for antibio;;;s in S\lga= varieties 

against the scale insect, MelanapsiS glomerara (Greenl· 

Many of the piant morphological and biochemical characters, which were earlier 

reported to be associated with host resistance, were nol significantly correlated with the 

infestation and life parameters of the beetle in the present investigation. These characters 

that were shown 10 impart resistance were leaf pilosity (Phukan, 1976; Levin, 1973; 

Gilbert, 1971), crude protein (Phukan, 1976; Ganga and Nagappan, 1983) and leaf 

moisture contenl (Edward and Wratten, 1980). 

Literature presents a rather hazy picture of the actual mechanism of resistance of 

brinjal 10 A. gossypii and H. vigintioctopuncfala, which makes it difficult to make any 

conclusive remark about the c",act role of pllUlt characters either physical, biochemical or 

Their combination in conferring resistance. Among the physical plant characters, leaf 

pilosity was shown to comer resistance against A. gossypii (Dariev el ai., 1979; Wang, 

1983) and H vigintioclopunclala (phukan, 1976). Other phy~i~al characters like thick 

cortex (Quiras e/ al., 1977) and dark green coloured leaves (Pathak, 1961) were linked up 

with resistance against A. gossypii. Differences in biochemical constituents of the host 

plants were also shown to be the probable causes of resistance to A. gossypii and 

H vigin/wctopzmclata. It is reported that in resistant cowpea varieties, aphids suffered 

mortality due to higher total carbohydrate, soluble sugar and Ca++ ion (Negm el al., 

1980). Some cotton varieties showed resistance to A. gossypli because of protein 

hetero£,cneity and proteinase aetivity (Shvets.ov~ and Alibekova, 1984). Water supply in 

this regard might have a role as it acts indirectly on insects by changing nitrogen balance 
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(Edward aJld Wratten, 1980), while according to Wearing (1912) intermittent water stresS 

is also an important factor g<lveming resistance against aphilh. Mme\:l\te1:, Turner (\91l) 

["wId that the growttJ of A. gossypii is hindered due to absen,"" of cer1ain essellliai amino 

acids especially methionine. As regards host plant resistance to H. vigintiocfopunclata, 

Raju e/ 01 (1987) reported that low nitrogen and potassium content, !lIld higher 

phosphorus, total carbohydrate and phenol content in brinjal varieties are prerequisites for 

showing resistance to this pest. According to Sambandam et af. (1976), high reducing and 

non-reducing sugars, chlorophyll, phosphorus and total phenol contents actually confm 

lesistance 10 brinjal vaJieties against H. vigintioc/opunclota. Although the association of 

Ihese various plant mOiphological and biochemical characters to resistance against these 

pests has l>een record~d in the past works, precise details of the resistance mechanisms in 

these cases are not clearly known. 

In the present investigation also various IUltixenosis and antibiosis based factors 

were examined. Some of thes~ factors were found to have associated with infestation and 

various life parameters of tbese pests, although many of the associations were not 

significant statistically. Sucb factors, which could be involved in resistance against H. 

vigjnliOClOpunctata are foliage density, &tomatai. density and le<!.f pilosity. On the otheI 

hand, leaf pilosity, angle of leaf attachment, veinlet density and stomatal density could 

have some role in detennining resistat)Ce against A. gass}pii. Among tho biochemical 

factors that could contribute towards resistance againSI A. gO.\·.l"yplI are tannin, total 

phenol and total free amino acid; while crude protein, potassium and total carbohydrate 

nught have associated with resistance against H. vigintioctopunclala. Further study in 
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greater detail regarding the association of these physical and biochemical traits and by 

involving more nwnbeTs of brinjal varietics/germplasms would reveal more p~ise 

information on resistance against these two pests. 

The present study on the population ecology and varietal preference of A. gossypii 

and H viginilOclopunclata on brinjal bl'(lught OUI several new information on the 

seasonal history, population dynamics, distribution pattern, optimum sample numbers and 

varietal resistance. These first hand infurmation, under the prevailing climatic conditions 

of A.sam would serve as base line for further study aimed at management of these pests. 

The spatial distribution pattern of A. gossypii on brinjal has been slUdied for the flIst time 

in India. Some potentially active natural enemies like C repanda and M_ sexmacularus 

prOOating on A. gossypii, and parasitoid5 like Telraslichu.r sp. and P. joven/atu.$ 

parasitizing eggs, larvae and pupae of H. ~'iginlioctopunctata have been reported to 

regulate the natura[ populations of these pests. These biocontrol agents could be 

incOI:porated into future pest management progranunes against these two pests. The 

optimwn sample nwnbers estimated in the present study could be adopted for accurate 

estimation of population of these two pests by furure re5earchers, who want to work on 

their ecological wld pest management aspects. 

Varietal preference studies revealed that the resistant and moderately resistant 

varieties against A. gOSSypil, such as 'Kharua J3engena', Acuna, KS-331, Pant Samrat and 

Pusa Bindu contained higher amount of 'K' and ieafmoisture, and lower carbohydrate 

content. Hence, in future breeding programmes 10 evolve aphid resistant brinjal varieties, 

these varieties could be used as one of the parents for crossing with agronomica!ly 
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suitable varidies. Selection of varieties may also be made on the above varietal 

characte",. As regards resistance against H viginlioc/opzmclata, the resistant and 

moderately resistant varieties like 'Khanul Bengena', ArumI, KS-JJI. Pant Samrot, 

'Sagalisingia', Muktakeshi and Pusa Kranti possessed plant characters, such as smaller 

leaf a"'a, lighter red colour componenl of leaf, higher tannin and total phenol contents. 

Thus, these varieties may be made use of by breeders in resistance breeding programmes 

against H. vigintioc/opul1clma. Varieties may aho be selected on the basis of these plan! 

characters, 

Thus the present study has revealed that brinjal variety 'Kharua Bengena' is 

resistant against both these economically important pests of brinjal. However, (jther 

varieties like Aruna, KS-331, Pant Samra! are also promising against these two pest~. Of 

these varieties, only Panl Samrat is a recommended variety and 'Kharua Bengena' is a 

locally grown popular variety of Assam. The other two promisios varieties may also be 

considered for nx;ommendation after assessing their suitability under various agro­

climatic conditions of Assam. 



Summary 



CHAPTER VI 

SUMMARY 

Studies on the population ecology and varietal prefereoce of Aphis goszypii 

Glover. aJld HcrlOsepilachna vigm!ioctopunctala (Fab·l on brinjal were conducted al 

A,sam Agricultural University, lorhat during 1998-99 and 1999-2000. 

The results obtained from the studies are summarized below: 

Th~ infestation of A_ grusypii on brinjal commenced at the seedling (S]) stage of 

the crop during the second week ofOctolrer in 1998-99 and second v.eek ofNovembei" in 

1999-2000. The population of apterous nymphs and adults increased steadily from the 

latc vegetative stage of the crop ami reached their peak al the flowering stage of the crop 

during the last week of January in 1998-99 an_d last week of ~ebruary in 1999-2000. After 

anaining peak, the popUlation showed a declining trend till the last stage of the crop 

during the month of April, when the alate adult populations reached peak densities. 

Sea,onal mean population densities calculated were 5,15 and 1.50 aphids per 6 leaves in 

1998-99 and 1999-2000. respectively. 

Thee coccineHid predators were recorded a, a potential biocontrol agents of 

II gOSSypil, vi!:" Cocc;",?!I« rcpamla ThU/lb .• Menoch;fus se7cmaculafus F. aml Micraspis 

disc%r (F,). The population of these coccinellicls showed siP;llificant positive association 

with the population of apterous aphids. 
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In laboratory tests, C. repamkl was found to be a highly effident predator, 

cOllsuming a maximum of29.90 A. gossypU in 24 hOllI', 

Bright sunshine hours exhibited significant positive correlation (pooled) with 

nymphal and overall aphid popuitltions (nymph + adult) of A_ gossypii (r = 0.414, 

P ~ 0.05 aud r - 0.399, P = 0.05, respectively). Other meteorological factors had non­

significanl correlation with their population. 

H viginlwc/opunclala flI'S! appeared in the brinjal field during the second week of 

October in 1998-99 and fowth week of November in 1999-2000, when the crop was in 

seedling (S3) stage, 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 R4 and R5 stage (fruit maturation and ripening). Soon 

after attaining peak, the population declined to almost traceless within three to four w~~k~ 

during the last stages (~ and R1) of the crop in the 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. Yigintioctopunctata was parasitized by two bymenopteran parasitoids of the 

family Eulophidae. Of these, Tetrastichus sp. was found to para5itire eggs and early 

instar larvae, while the Pediobius foveolatus Craw. parasitized mainly pupee but also 

found to parasitize late instar larvae. There were significant positive correlation between 

bost population and extent of parasitization by both the parasitoids. 

Morning relative hwnidity was found to have significant negative effect on larval 

(r - - 0.460, P ~ 0.05), pupal (r - - 0.485, P "" 0.01), 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. viginliuclopunctala. 

All other meteorological factors had no significant association with the beetle population. 

Spatial distribution pattern of A. gossypii nymphs and adults of aptemus form, and 

alate adults on brinjal crop were contagious. However, distribution showed regularity in 

one Or two initial sample dates in case of adults in both the years of study and nymphs in 

the first year, Distribution pattern of immature and adult stages of H vigmlioclopunclala 

were also contagious in both the years, except in few initial and later phases of crop 

growth. where distribution was regular. However, adults in the first y~ar also showed 

regularity in distribution during flowering stage of the crop. Mean clump sizes for 

A_ gos,ypii nymphs and adults, an immarure stages and adults of H vigintioctopunclota 

indicated that aggregations in most of the cases for both the insects Were due to 

environmental heterogeneity in the crop field and due to active behaviour of the pest. 

The clumped distribution of A_ gossypii nymphs and adults as well as immature 

and adults of H ~jgintjoclopunclalO were further confirmed by Iwao's patchiness 

regression and Taylor's power law models. Both the models gave good fitness to the 

population distribution of these two pests. 

Optimum sample numbers estimated (Ruesink, 1980) for both the sampling 

methods at two levels of precision (10 and 25%) showed that the required sample 

"umb~rs were more or less same in the case of A_ gossypii, whereas slight variation 

occurred in the case of H vigintioctopUl1ctalo. 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 UIIder Pl(A)-1 and Pl(A)-2 sampling 

methods, respectively. While for pest management studies (25 % precision level) it 
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numbered ! 4 and 12 for nymphs and, 17 and 14 for adults for egg dusters, huvae, pupae 

and adults of H. viginriocfOpunctata, the optimum number of samples in Pl(L}-1 and 

PI(Lj-2 for ecological studies were 196 and 172, 196 and \31, 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 and 21 fur larvae, 35 and 24 for pupae, and 47 and 32 

for adults W1der the sampling methods, respectively. 

BrUlJal varieties differed significantly in respect of intensity of attack and 

population density of A. gossypij and H. viginlioc/opunclolo. Based on population density 

of A. gossypii, the varieties Aruns and 'Kharua Bengena' Were ranked as resistant. 

Moderately resistant varieties wer<: Pant Samrat, KS-33! and Pusa Bindu. Varieties Arka 

Nidhi, Pusa Kranti, AB-2, Arka Keshav and Pusa Bhairav Were moderately susceptible, 

while the susceptible varieties were Neelam long, Pusa Uttam, 'Sagalisingia', 

Muktakeshi, Pusa Pwple Long and JC-2, Based on population density of 

H viginlioclopunctafa, the variety, 'Kharua Bengena' was again found to be resistant 

followed by varieties Aruna, KS-331, Pant Samrat, 'Sagalisingia', Muktakeshi and Pusa 

Kranti, which were found to be moderately resistant. Moderately susceptible varieties 

were AB-2, Arka Keshav, Arka Nidhi and Neelam Long, while Pusa Bhalrav, JC-2, Pusa 

Uttam, Pusa Bindu and Pusa Purple Long were"Susceptihle v1lrieties, 

Among the life parameters of A. gossypii, oilly the total nymphal period and rate 

of nymphal deposition were significantly affected by the varieties. Resistant varieties. 

Aruna and 'Kharua Bcngena' dela)'(:d nymphal dev~lopment (8.09 ~ 8.31 days) and 

reduced the rate of nymphal deposition (3.18 - 3.30 nymphs/female/day) of A. gossypii. 

As regards H. vigintioctopunclola, the Dilly resistant variety, 'Kharua Bengena' markedly 
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affected each and every life parameters except oviposition period. The resistant variety 

accoIU\ted for longer incubation period (4.46 days), lotallarval period (21.49 days), pupal 

penod (5,48 days), pre-oviposition period (13.44 days), lowest fecWldity (102.30 eggs 

p~r female) and reproductive rate (5.16 eggs/female/day), shorter adult longevity (41.80 

days) and higher male:female ratio (2.33:1). Hatchability (56%), lanai sUlVivai 

(53,30%), adult emergence (71.40"10) and growth index (2.48) w~re also significantly 

lowered by the resistant varieties. 

The possible caWie of differential varietal response ofbrinjal crop to the attack of 

A, gossypii and H. vigintioclOpUtlctatll were established, None of the physical varietal 

characters studied showed association with resistance against A, gOMypii. However, leaf 

area of young lr = 0.551, P '" 0.05) and medium aged (r = 0.532, P ~ 0.05) leaf showed 

positive correlation with the rate of oviposition of H. viginIiocfOpunClala. Red colour 

intensity of leaves of brinjal Varieties also had significant correlation with larval period (r 

- 0.565. P = 0.05). adult longevity (r = 0.640, P ~ 0.01), fecundity (r = 0.556, P ~ 0.05) 

and rate of oviposition (r - 0.511, P = 0.05) of this phytophagous coccinelEd. Of the 

biochemical contents of brinjal varieties, potassium (r = , 0.546, P = 0.05) and moisture 

Wll!en!. (T = _ OA97, P = 0.05) of brinjaJ leaves had negative significant association and 

total carbohydrate content (r = 0.543, P = 0.05) had positive significant association with 

the population density of A. g08sypii in the field. Wherea, tannin content and total phenol 

~olltcnt of brinjaJ variety leaves were significantly correlated with poPulation density 

(r - - 0.550, P ~ 0.05 and f = 0.691, P = 0.01), ratc of oviposition (f'~ -0.498, P'" 0.05 

and r - - 0.621, P = 0.01) and sex ratio (r = 0.503, P = 0.05) and (r ~ 0.654, P = 0.01) of 

II. dgmtioclapunCIQIa, respectively. Total phenol content also had significant negative 



'" 
as~ocialion with fecundity (r = _ 0.592, P ~ 0.05) of ~ beetle. Finally, it c",mld be 

Inferred that varieties with higher potassium content, higher moisture content and lower 

level of total carbohydrate content in leaves were resistant to A_ gassypli, while varieties 

with smaller leaf area, higher red WiOUI intensity, higher tannin content and higher iotal 

phenol COlden! In leaves were resisw.ot to H. vigmlioclopunctala. 

Anlollg the 10 varieties ofbrinjal tested, only 'Khar"" Bengena' was found to be 

le,i,tam and, KS·33J and rant Samra! were moderately resistant against both A gossypil 

-,w,<.\ Ii vigmliodopuncWla, while varie,~s Pm" Ut\am, PU1>a Purple Long and lC-2 were 

lound to be the susceptible ones to these pests. 
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APPENDIX I 
Weekly meteorolugical dala for the period Olf fiel!] experimentation at Assam 

Agricultural University. Jorhat during 1998-99 
.. _----- -

l)"k Average temperature Average relative TOltal 
(OC) humidity (%) rainfall RS.S,H. No, Olf 

Max, Min Morn b'~n (~I (h.) rainy day, 
._._- --

(kh'oer ~-14 34.0 25.0 YO.O 75.0 0.0 8.5 0.0 

15-21 30J 23.7 94.0 85.0 78.6 17 6.0 

22-28 29.4 23,8 94,0 79.0 12,8 4.& (0 

Oc\()bcr 29-November 4 29,6 10,8 95 () no 00 S .• 0.0 
5· j I 29.3 17.4 ')4,{) no 00 8.6 0.0 
12_1 R 27.6 16.3 95.1) no 00 " 0.0 

19·25 28.0 18.9 95.0 no 42.4 4) 4.0 
t>;()"emb., 26-0.cernber 2 28.5 16.9 96.0 68.0 00 7.9 0.0 

J.' 27,5 14.3 96,0 66.0 0.0 9.2 00 
1 0-16 25.8 124 96 () 71,{) 0.0 8.0 0.0 

17-23 24.5 10,3 980 6) 0 00 ]A 0.0 
~4-31 24.5 9.1 970 63 () 00 8.3 0.0 

January 1·7 243 8.5 97.0 650 00 8.0 0.0 

8·14 22.7 7.9 97.0 71.0 0.5 7.0 (0 

15-21 24.4 8.0 96.0 59.0 0.0 8.7 00 
22-28 25.5 98 95.0 61.0 0.0 94 00 

.I,mllar}, 19-February 4 25.7 11.0 95.0 70.0 J 7 8 ) ),0 

S·1I 28.5 12.5 93.0 63.0 0.0 7.8 00 

12-18 30.1 13.7 91.0 64.0 0.0 8.7 00 
I ~-25 29.0 15, I 92.0 66.0 0.0 77 00 

j-'cbru~I)' 26-M,,,,,h 4 30.2 15.5 91.0 63.0 0.0 8.4 0.0 

5· II )05 16.2 91.0 62.0 00 7.0 0.0 

12-18 30, I 16,4 91.0 no.O 0.0 6.1 0.0 
19-25 31.1 16.1 92.0 61.0 00 6.1 00 

'l-1J[\:h 26 -Apfll 1 ::087 17.9 92.0 70.0 42.0 5.0 )0 
Cog 28.5 19.1 93.0 67.0 29.3 6.0 4.0 
9·15 307 20.2 91,0 66_(J 12.1 6.2 2.0 
16·;>2 32,) 220 90.0 59.0 0.0 77 00 -----_---.- .. 
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APPENDIX II 
Weeki}' meteorological data for tbe period of field experimentation al Assam 

Agricultural University, Jorhat during 1999-2000 
-----

ilale Average kmperamre A ve,dge relative 
TOIaI (OC) humidity (%) rainfall B.S.S_H. No. of 

Max Min, Mom Even. (mm) (h.) rainy day., 
------

Nowmberi-ll 29.8 20.1 94.0 74.0 0.0 8.8 00 

12-1 ~ 187 17,1 950 78,0 0.0 9.7 0.0 

19-25 273 15.8 95.0 78.0 0.0 87 0.0 

,'{"Yemlle, 26-Dt:t'cmba ~ 27.3 no 97,0 69.0 00 9.0 0.0 

)·9 26.3 11.4 96,0 690 00 0.7 0.0 

10-16 26.4 13.5 94.0 5~_() 00 10.1 0.0 

17-:'3 248 10,1 no 74_O 0.0 8.7 0.0 

24-30 23.6 9.) 99,0 790 0.2 7.2 10 

DecemOcr 31-Janual)' (> 23.1 6.7 99.0 no 00 0.8 0.0 

7-13 23.6 8.7 97.0 69.0 00 90 0.0 

14-20 21,8 0.6 98,0 76.0 0.0 6.2 00 

21-27 21.0 11.6 94.0 83.0 125 4) )0 

J""">l", ~8-hbruary) 22.7 10.4 95.0 76,0 8.6 7J 2,0 

4-10 229 10.9 92.0 69.0 0.0 7.0 0.0 

11-1 & 253 10,6 900 59,0 0.0 9.0 0.0 

19-24 24.7 16_5 90,0 630 00 8.5 0.0 

1'~brU:ll)' 25-March 2 23.9 11.2 92_0 no 10,~ 6.0 3.0 

3-9 13,9 13,7 89.() no 1.1 6 I 3,a 

10-17 21.8 )3,8 91.0 75,0 11.9 29 5.0 

1~':'4 27.5 14_6 89,0 M,O 0.0 8A 00 

~j- .11 30.7 16_0 R~_O 65,0 0.5 5.1 10 

\pnll·7 27,8 17.6 91.0 75_0 8_5 5_3 4.0 

8-14 295 ]7.3 9~_0 7] 0 437 7.4 5.0 

15-:' 1 31.5 169 89,0 650 26_] 5.' 3.0 
----- ---------
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APPENDIX III 
L"borlitory snefeOr()logiCllI dllta during the study period 

_ . __ . ___ ._ ._ (18 JlIlllUl~ to Z4 April. 1999) 
I)al~ .. _ T~m'pcorllture ('e) Average relative humidity ('Yo) 

Ma:<imum Minimum 
J~nl;.~;~;:·i9~-· -===:_--__:;==::::.:...-,-------~ .. -, 

1'0 

20 

..tl 

22 

23 

24 

25 

18 

~9 

30 

31 

F.'bruary, 1999 

2 

3 

4 

() 

7 

11 

9 

17.60 

17.S0 

17.80 

{g.GO 

IS.lO 

17.90 

J3 . .30 

19.00 

18.80 

19.20 

19.1 0 

19.50 

19.70 

\9.20 

19.80 

'20.00 

21.10 

20.20 

22.1 0 

21.40 

20.80 

21.50 

2330 

9.8 

10.2 

9.9 

10.3 

10.00 

10.10 

to.30 

tL20 

11.00 

ll.()() 

Il.lQ 

11.30 

J 1.40 

1 l.30 

11.50 

t 1.80 

! 2.10 

12.30 

11..60 

12.80 

13.20 

13.90 

14.40 

noo 
76.00 

74.00 

72.00 

70.00 

1l.00 

72.\l(J 

74.00 

7&.00 

15.00 

74.50 

76.00 

79.00 

81.00 

EO.OO 

IS.50 

79.0(l 

78.00 

77.00 

7>'.00 

76.00 

77.00 

75.50 

._.- -.-.. -------- ..... -- .~. - - - .--



iv 

. Date'-- -' Temperature {Oq - . "~erage relative humidity ('Yo) 
MnilnUOl Minimuu)"--

i;cbru,lt:t:'1999 
10 22.20 14-:~O 74.00 

I 1 22.50 14.J<) 1MO 
12 22.&0 14.30 76.00 

13 23.40 14.10 75.00 
14 14.00 13-80 73.00 
IS 23.40 14.2() 71.(}0 

Iv 24.00 H.40 77.00 
)7 ?3.20 ! 5.10 76.00 

18 22.W 1530 79.00 
19 21.00 ! 5.<iO 74.00 
20 23.00 15.10 73.50 
21 2230 IS.80 7S.(/(} 

22 23.50 15.30 74.00 
:!J 23.30 15.40 n.Q/) 

24 24.50 IS.6/) 75.00 

25 2:2.60 15.20 76lJ() 

26 13.30 15.60 73.50 
:n 24.00 IS.80 74.00 
28 23.00 15.30 7(.00 

Marcn. 1999 

'22.80 15.40 7'3.00 
2 23.50 tHO 72.00 
3 24.20 16.10 76.00 
4 24.)0 16.30 n ao 
5 23.50 16.00 78.50 
6 24.20 (6.30 74.00 
7 13.90 15.90 76.()0 



. -----
Date T em!"erature ( q Average relative humidity (%j 

Maximum Minimum 
March, 1 QQQ , 25.10 16.30 80.00 

9 24.80 16.60 73.00 

10 23.30 16.40 79.00 

II 24.60 \6.\0 80.00 

" 24.30 16.80 84.00 

13 26.20 16.70 79.00 

" 25.10 16.30 77.50 

IS 24.10 16.00 80.00 

" 26.00 16.90 76.00 

17 24_80 16.50 79.00 

18 25.20 16.80 74.00 

" 24.80 16.00 76.50 

20 26.20 16,30 78.00 

21 25.50 15.90 78.00 

12 26.20 16.60 79.00 

23 24.70 16.10 80.00 

24 25.40 16.30 74.00 

25 26.20 16040 78.00 

26 20040 17.30 85.00 

27 19.60 17.10 86.00 

28 21.40 17.60 87.00 

29 21.20 17.50 84.00 

30 22.30 17.90 82.00 

) I 21.50 17.60 80,50 

April. 1'199 

21.30 18.00 80,00 
--- ."._-

• 



--_. 
Date Temperature__Cg__ Average relative humidity (%) 

Maximum Minimuill ------_ .. 
'\pnL ! 999 

" 20.80 \8.20 83.50 

J 20.40 18.lD 84.00 

, 22.50 18.40 8l.0D 

5 21.60 \8.20 82.00 

0 22.80 \8.30 84.00 

J 20.40 17.60 88.00 

8 22.90 \8.50 83.00 

9 23.30 18.20 &0.00 

10 22.60 18.00 82.50 

I I 23.50 \S.50 81.00 

12 23.80 19.30 86.00 

I 3 24.00 19.50 SUO 

I' 25.00 20.50 74.50 

15 26.50 21.50 77.50 

16 25.00 21.00 78.00 

17 24.50 10.00 76.00 

18 24.00 21.00 75,50 

i9 25.00 21.50 74.00 

20 26.00 21.50 79.00 

21 23.50 20.00 75.50 

n 24.60 22.40 78.00 

13 23.50 20.20 83.50 

" 25.00 22.30 80.00 

-- --- - - -



vii 

.APPENDIX IV 

~scrip(ion of gro,"b stagu of brinjal plant (var. !'usa Purple Long) 

·Slil!.'e .--~ -Stage title Description 

.. 7Odc ....... _ ._. _ . 
Seedling )llIj;t 

S I YOIl!1g s~diing - First 3~leaf stage 

S:! Medium aged seedling !."ear fOlTl'latioJ) 00 It\a.in stem 

Old wedling S·leaf stasc ._--_ .. _---_._----
V.:~etath·e stag~ 

V. . -E;irlyvegeraiive -'-M~';em'w1th lbtanclt comaTrlJiig 4·5 leaveS--" 

V ~ Mid \'cg<:latiw Main stem with 2·5 branches cOllt~inillg 15-30 

l¢llves 

Ii, , Late vegetative Mllin stem with more than 5 branches COnlainl[lg 

appl'O)l:imately 50·(><) I~.wes -_._ . __ ._-_._ .. _-...... - .-~-

Iteproduclwe sbge 

~\ • • ... Flo-;e;: bud tonnll(loniOi2~-iets<ifftower buds at any internode -~-

Rl. Flowering I or '2 open flowers at any interuodes wid! 4·5 

dusters o( flower buds 

Froil ioilialio[l 

fruil ll1llhlIatiofi 

Fruit r\p".,(\~ng 

fruit ripening and leaf 

fallillg 

Fruiting cessation and 

le<lffalliog 

lniti.'ttiOfl of I or 2 fruits wit}l4.; open tlOW~l'S 

I or 2 matured fruits · ... ith 6·8 o9f!1l flowers 

I or 2 ripened fruits wi iiI )-2 roat<.lred. fruits lind 2-4 

open flowers 

50"4 of fruits ripened and leaf begins to fall 

90% froit~ ripened, no fruitulg and mOle than 30% 

leaf fall 
'-" ------------- -- ---------
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APPENDIXV 
Source of seed material and status of brinjal varieties used in the study 

Variety Source Yield (qlha) Status 
... -.-----_ 

Pusa Kralll; Div_ of Vegetable crops, 

LA.R.I., New Delhi-12 185-200 "Recommended 

I'",a ])urplc Long -do- 200-230 -do-

l'u;a [lind" -do- 200-220 ··Promising 

Pusa UUam -do- 185-195 -d~ 

p",~ Bhairav -do- 200-210 Recommended 

AB-1 -~ 170-190 Promising 

An"Ja -do- 185-200 -d~ 

r,:,,--,,\ -do- 180-200 -do-

Pant Samral -do- 195-2iO Recommended 

Arb Kesha, Indian Institute of 

Horticultural Research, 

Hessaraghatta, Bangalore-89 \90-200 Promising 

Arka N,dhi ",. 190-200 -do-

Muktakeshi Sutton & Sons (India) Pvt. 

Ltd .. l3D, Russell Street. 

Calcuua-71 180-200 -do-

Ncclalll Long ·d~ 200-215 -do-

JC-2 AAU, Jorhal 200-230 Recommended 

. Kharua Bengena-

noc~11 Local collection 190-210 Promising 

·Sa~alisillgia . 

il()~"l) -do- 200-2\5 -do-

o R~~()mmended for general cultivation in Assam 
"Promising in varietal trials conducted in various research centres 1ll India under 

A1CRI'schcmcs 




