
EVALUATION OF BACULOVIRUSES FOR THE MANAGEMENT OF 
DIAMONDBACK MOTH, Plutella xylostella (L.) 

(LEPIDOPTERA: PLUTELLIDAE) 

Thesis submitted in part fulfilment of the requirements for the 

degree of DOCTOR OF PHILOSOPHY IN AGRICUL TURAL ENTOMOLOGY to 

the Tamil Nadu Agricultural University, Coimbatore 

By 

R. PARTHASARATHY, M.Sc.(Ag.) 

I.D.No. 99-803-004 

DEPARTMENT OF AGRICULTURAL ENTOMOLOGY 
CENTRE FOR PLANT PROTECTION STUDIES 
TAMil NADU AGRICULTURAL UNIVERSITY 

COIMBATORE - 641 003 

2002 



CERTIFICATE 

This is to certify that the thesis entitled "EVALUATION· OF 

BACULOVIRUSES FOR THE MANAGEMENT OF DIAMONDBACK MOTH, Plutella 

xylostella (L.) (LEPIDOPTERA: PLUTELLlDAE)" submitted in part fulfilment of the 

requirements for the award of the degree of DOCTOR OF PHILOSOPHY IN 

AGRICULTURAL ENTOMOLOGY to the Tamil Nadu Agricultural University, 

Coimbatore is a record of bonafide research carried out by Mr.R. PARTHASARATHY 

under my supervision 'and guidance and that no part of this thesis has been 

submitted for the award of any other degree, diploma, fellowship or similar titles 

. or prizes and that the work has not been published in part or full in any scientific 

or popular journal or magazine. 

Place: Coimbatore 
Date: ~1~rfv-r-ON' 

Date: 1.1 v 11--'" (}"'V 

APPROVED BY 

Chairman: 

Members: 

~~~ 
(Dr.B. RAj~reKARAN) 

(Dr.A. MANICKAM) 

(Dr.R. SAMIY~PPAN) 



}lc~now(edgement 



}1.c~now{ecfBement 

I consiaer myself to 6e e.J(tremefy pn'vi[egea ant! fortunate to fiave ([)r.fJ?,J. CJ<sz6int!ra, ([)irector, 

Project !J)irectorate of CBio(ogica( Contro( CBanga(ore as my fonner cliainnan of tlie acfCJisory committee. 

I a[so express my aeep sense of gratituae to fiim for fiis inspiring support, immacuCate guiaance ant! 

tecfinica{ assistance renaerea aun'ng tfie course of studj. .:My lieartfu{ tfian/ij are a[so in aue for liis 

magnanimous fie[p, rove ana affection sfiowerea in my eaucationa{ ana personae career. I aedicate tliis 

piece of wor/t to my 6eCovea Professor. 

lowe an immense sense of gratituae to my present cfiainnan, ([)r.s, PaCanisamy, Professor ant! 

Jfeaa, !J)epartment ofr.Entomo{ogy for fiis constant support ana meticu(ous guiaance, wliicli lias lie(pea 

me to comp{ete my tfiesis in time. .:My aeep sense of gratituae a[so e:(jenas to my mem6ers, 

!J)r. CB. 1{ajasef?gran, flssociate Professor, !J)epartment of CEntomo(ogy, !J)r.fl. :M.anicf?gm, CProfessor ana 

Jfeaa, ([)epartment of CBioteclino{ogy ana ([)r. fJ?, Samiyappan, Professor, (/)epartment of P{ant 

Patfio{ogy for maRing tfieir precious time ana suggestions a'CJaiCa6fe wfii[e maRing pruaent ana 

scrupu{ous investigations of my wor~ 

.:My sincere tfian/ij e:(jena to !J)r.J,s. 1(,enneay, flssociate Professor, !J)epartment of 

CEntomo(ogy for liis aaept lie[p in comp[eting tfie fiistopatfio{ogica( studies. I a[so tfian/t 

!J)r. 9. Santliaram, Professor, ([)r.!N. !J)fianaapani, Professor, !J)r.S. '1(p:ruppusamy, Professor, ana 

!J)r.!J). CBa{agurnatlian, flssociat(J Professor, CBiocontro[ Vnit, ([)epartment of <Entomo[ogy for tlieir 

ilwa(ua6(e assistance aiMa to me in tlie CBio(ogica( Contro( La60ratory aun'ng my entire researcfi 

tenure. !J)r.:N. Satliiali, Jlssista1z(Professor, !J)epartment-ojCElltomo{ogy aeserCJes specia{ tfiankJ for fiis 

lie[p ana guiaance. 

I am a[so gratefu{ to !J)r. 9. CBa[asu6ramanian, Professor, !J)r.:J(. :Natarajan, 

!J)r.1{,!N. 1{agfiumoortfii, (])r. rV, CBa{asu6ramanian ana (/)r.:M. fJ?, Srinivasan, (])epartment of 

r.Entomo{ogy, (])r.:J(. Cfiant!ramofian, Professor, ([)epartment of Sen'cu(ture ana a[[ otlier facu{ty for 

tlieir Rina cooperation ana support e.J(tenaea auring tfie entire scfieau[e. 



:My earnest tlianRJ eJ(Jeluis to my fe[[ow cfassmates :Mr.Sa tfiyasee[an, :Mr.Su6ramanian, 

'Mr. qajenara IJ3a6u, :Ms.s, Sumatfii, :Mr.!Niranjan 'l(umar ana :Mr.}1.m6eaN.szr for mafdng my entire 

stay liere p[easant ana memora6fe, 

I a[so e:{]Jress my tfianRJ witli e6u[[ienr;e to my senior frienas Cfiatufru, Soutufar, 

qeetliafaRJlimt; }1.n6a[agan, qanesan ana qeetfia ana to my Junior frienas Jegan, <Ba6u, qracy, 

Srinivasan, Praveen, Sentlii4 1(jlnnan, rvaraaaraju, :Manju, Praisy, }1.tfiira, }1.nne[ine atuf Vsfia for 

their affa6i[ity ana for tlieir lie{p renaerea auring tlie entire program, 

Witfi warmtli I wouwa[so [ii<s to mention my gratituae to my friends 'Mura[i, <Bfiarat, 

(])evaraj, :MuraCiragini ana qnanacliitra for tfie inspiration tficy impartea on me, I a[so e:{]Jress my 

tfianRJ to aCC tlie fa6 assistants Qf tfie 6ioCogicaC controC fa6 for tfieir R.jnd' cooperation ana fiefp 

renaerea auring tfie compCetion of stuc!y, 

:My sincere tlianRJ eJ(Jenas to :Mon:santo Inma, <PrJt, , Ltc!. IJ3a nga [ore, Sugarcane IJ3reecfi'ng 

Institute, Coim6atore, Porest <F,§searcli Institute, 7(jrafa ana<Project (])irectoratc of IJ3io[ogica [ Contro[ 

ana Pest Contro[ Inma, IJ3anga[ore for supp{Ying me witfi tfte neeaea ex:perimenta[ materia[s anti 

necessary liost cu[ture, 

:My tftanRJ a[so ex:,tena to tfie farmer:Mr. rrFuzngave[u for a[[owing me to carry out tfte flew 

tn'a[s in fiis farm, I a[so acR.JwwfediJe tfie work. cam'ea out. Gy Scrwmiya Communications in Gringing 

out my tfiesis in a neat manner. 

I furry e:{]Jress my tfianRJ to tlie ICjlIJ{. for proviaing me tlie fe{[owsfiip, wfiicft ftas immellsefy 

aiaea in successful comp[etion of tfiis wor~ 

(R. Parthasarathy) 



· .Jl6stract 



ABSTRACT 

EVALUATION OF BACULOVIRUSES FOR THE MANAGEMENT OF 
DIAMONDBACK MOTH, Plutella xylostella (L.) (Lepidoptera: Plutellidae) 

Degree 

Chairman 

Year 

By 

R. PARTHASARATHY 

Doctor of Philosophy in Agricultural Entomology 

Dr. S. PALANISAMY, Ph.D., 
Professor and Head 
Department of Agricultural Entomology 
Tamil Nadu Agricultural University 
Coimbatore-641 003. 

2002 

Studies were carried out in the laboratory as well as on the field to explore the 

potential of Galleria mellonella (L.) nucleopolyhedrosis virus (GmNPV) against the pests 

of cauliflower with special emphasis on Plutella xylostella (L.). Cross-infectivity studies 

with GmNPV revealed the susceptibility of 16 insect species out of 31 screened. It 

included important crop pests like P. xylostella, Chilo partcdllls (Swinhoe), Chilo 

injuscatellus (Snell), Chilo sacchariphagus indiclls (Kapur), Maruca vitrata (Geyer), 

Cnaphalocrocis medinalis (Guen.), Opisina arenosella (Walk.), Amsacta a/histriga 

- (Walk.), Diaphania pulverulentalis (Hamp.), Spodoptera exigua ,(Hb.) and other pests 

like Crocid%mia hinotalis (Zell), Hellula unda/is (F.), Pericallia ricini (F.), Ergolis 

merione (Cram), Exelasas atomosa (Walsingham) and Marasmia palnalis (Brad.). The 
.~ . 

cross-infectivity was confirmed .by DNA characterization and reciprocal inoculation 

studies. Serial passaging of GmNPV for five times through alternate hosts increased its 

virulence ag~inst P. xylostella. 

Second, third and fourth instar larvae of P. xylostella were susceptible to two 

isolates of GmNPV viz., Coimbatore (CBE) and Bangalore (BNGL). Serial passages of 

GmNPV through P. xylostella for 15 times enhanced the virulence of GmNPV to 

P. xylostella by decreasing the LC50 12.76 fold. P. xylostella Granulosis Virus (PxGV) 

was found to be more effective than GmNPV but LT 50 was higher by. 23.31 h than that of 



GmNPY. The combination of GmNPV and PxGV did not show any synergistic effect on 

P. xylostella larvae. 

C. partellus was found to be the suitable alternate host for cost effective mass 

production of GmNPV. Transovarial transmission of GmNPV was . determined in 

C. binotalis and P. ricini. Passage of GmNPV through the alternate hosts reduced the size 

of the polyhedra. Histopathology studies revealed the infection of GmNPV in fat bodies, 

hypodermis, tracheal tissues, imaginal disc, salivary glands and neural ganglion of 

P. xylostella, C. partellus and M vitrata larvae. In vitro studies indicated that virions 

from C. partellus larvae produced the highest per cent cell infection and yield of 

Polyhedral Occlusion Bodies (POB )/ml of cell culture medium in Sf21 cell line. The 

chitinase activity of GmNPV was lower than in Helicoverpa armigera NPV and 

Spodoptera litura NPV attributing to the atypical symptoms of disease. 

The persistence of GmNPV on cauliflower phyllosphere was for six days. A 

positive correlation of persistence with relative humidity at 14.30h and negative 

correlation with maximum temperature and solar radiation was observed. Application of 

GmNPV @ 5x107 POB/ml was effective against the lepidopteran pest complex of 

cauliflower viz., P. xylostella, C. binotalis and H. undalis in pot culture experiments. Four 

sprays of GmNPV @ 7.5 x 1013 POB/ha at eight day intervals was the best treatment next 

to indoxacarb in reducing the population of P. xylostella and C. binotalis under field 

conditions. GmNPV was safe to Tricho~Clmma chilonis (Ishii), Chrysoperla carnea 

(Stephens), Apis spp., and six different races of Bombyx mori (L.). These investigations 

highlight the possibHity of developing GmNPV as a microbial insecticide for the 

management of several economically important lepidopteran pests. 
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Chapter I 

INTRODUCTION 

The diamondback moth, PluteUa xylostella (L.), an important cosmopolitan pest, 

is a specialist herbivore that attacks many brassicaceae species. It is believed to be the 

most universally distributed of all Lepidoptera (Talekar and Shelton, 1993) and is 

considered the most limiting factor to successful production of cruciferous vegetables in 

many areas of the world (Chu, 1986). Methods used in the control of this pest include 

chemical, cultural and biological, where chemicals being the most problematic because of 

development of resistance by diamondback moth. It has an extraordinary propensity to 

develop resistance to every synthetic insecticide used to control it in crucifers. Efforts to 

control this pest solely through conventional insecticides have led to development of 

resistance to most of the insecticides available in India (Kalra and Chawla, 1977; Awante 

et al., 1982; Saxena et al., 1989; Mehrothra, 1993). 

Bacillus thuringiensis (Berliner), a crystelliferous bacterial insecticide has been 

recognized as a potential alternative to chemical pesticides and several field trials have 

demonstrated its usefulness in the management of P. xylostella on crops like cabbage and 

cauliflower (Krishnaiah et al., 1981; Chelliah and Srinivasan, 1986; Sannaveerappanavar, 

1995). However, the widespread usage of B. t. in large quantities may lead to the 

development of resistance to their products by diamondback moth (Mohan and Gujar, 

2000). Therefore, at present, concerted efforts are needed to devise an alternate strategy 

that is within the economic reach of marginal/small farmers in India. 

Insect baculoviruses with no reports on the development of resistance by insect 

pests offer wide scope for the management of P. xylostella. These viruses have been 

isolated from over 300 insect species and have received considerable attention in the past 

20 years. They nre regarded as safe and selective bioinsecticides restricted to 

invertebrates. They have been used worldwide against many insect pests, mainly 

Lepidopterans (Moscardi, 1999). For the management of P. xyloslella, the use of 

granulosis virus (OY) has been documented (Asayama and Osaki, 1970; Su, 1987; 



Sairabanu, 2000). GVs are known for their host specificity and slow speed of kill. With 

the non-availability of semi-synthetic diet of P. xylostella under Indian conditions, the 

mass .production of GV for large scale control of p, xylostella becomes difficult. The use 

of another group of baculoviruses namely the nucleopolyhedrosis virus (NPV) for the 

management of P. xylostella remains unexplored except for a few recent reports 

(Padmavathamma and Veeresh, 1991; Kariuki and McIntosh, 1999). Another possibility 

is the use of virus with broad-spectrum activity. The availability of baculoviruses with 

. fairly wide host ranges, such as Autographa calif arnica (Speyer) NPV and Anagrapha 

jalcifera (Kirby) NPV, also has attracted increased interest (Cunningham, 1995; Grewal 

et at., 1998). 

The multiple occluded NPV from Galleria mellonella (GmNPV) is known to be 

infective to p, xylostella (Kadir et al., 1999 a and b) besides several other insects like 

Trichoplusia l1i (Hbn.), Pseudoplusia includens (Wlk.), Heliothis zea (Boddie), Manduca 

sexta (L.), Agrotis ipsilon (Huf) (Witt and Janus, 1977; Kadir and Payne, 1989; Stairs, 

1990). An isolate of GmNPV available at the Department of Agricultural Entomology, 

TNAU, Coimbatore was found to infect P. xylostella and a few other insects which 

. indicated the scope of further detailed investigations on its host range and its potential for 

development as a microbial insecticide. A NPV with broad-spectrum activity and proven 

to be safe to non-target organisms will be a boon to integrated pest management of 

several important crop pests. With this background, the present investigations were 

undertaken to explore the potential of GmNPY_ against lepidopterous pests of cruciferous 

crops with special emphasis on P. xylostella and to study the possibility of using GmNPV 

fOr the management of economically important insect pests of other crops with the 

following objectives: 

1. To study the effect of in vivo production in the alternate hosts on the 

virulence of GmNPV to P. xylostella larvae. 

2. To study the virulence of GmNPV to different larval instars of 

P. xyloslella. 

2 



3. To increase the virulence of GmNPV by serial passages in vivo 111 

P. xylostella larvae. 

4. To compare the virulence of GmNPV with P. xylostella granulosis virus 

(PxGV) to P. xylostella larvae 

5. To identify an alternate host for economic production of GmNPV. 

6. To study the field efficacy of GmNPV against P. xylostella. 

3 
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Chapter II 

REVIEW OF LITERATURE 

2.1. Plutellaxylostella and its management 

Amongst the lepidopterous pests of cruciferous crops, the diamondback moth 

(DBM), p/utidla xylostella (L.) (Lepidoptera: Plutellidae) is the inost serious and widely 

distributed pest throughout the world (eIE, 1967). The global importance of DBM is 

reflected in estimates that its control costs approximately US $ 1 billion annually 

(Ta!ekar, 1992). In India, the DBM occurs regularly wherever crucifers are grown and 

often it causes serious crop damage in cole crops despite insecticide use. Krishnakumar 

et at. (1984) estimated 52 per cent loss in marketable yield due to OBM attack on 

cabbage. 

P. xylostella_ has the credit of being the only pest exposed to several generation 

insecticides. Prior to the introduction of synthetic insecticides in the late 1940s, DBM was 

not reported as a major pest of crucifers. The DBM was the first crop pest in the world to 

develop resistance to DDT in 1953. Now in many countries this pest has developed 

resistance to every 'synthetic insecticide used against . it in the field (Talekar 

et al., 1990). In 1990's, several fourth generation insecticides like avermectins, cartap 

hydrochloride and insect growth. regulators have been reported to be highly effective 

against? xy/ostella (Bandara and Kudagamage, 1991; Rajavel and Sundarababu, 1989; 

lannson et aI., 1997; Li, 1998; Sujatha et al., 2000; Kalra and Sharma, 2000). 

The alarming reports of development of resistance to new generation insecticides 

like avermectins (Zhang~Lue~Yen et aI., 2001) and insect growth regulators (Ohtsu et al., 

1999; Perez et aI., 2000) within a short period of use determine the stability of resistance 

in P. xylostella. However, in India, synthetic insecticides still remain a dominant tool in 

the management of P. xylostella. 

Failure of several insecticides in managing this pest due to the development of 

resistance has directed the focus on the use of other agents of control. Use of plant 



products like neem (Meenarani et al., 1999; Kumar et al., 2000), garlic products (Rahman 

and Motoyama, 2000) and extracts of Prosofis juliflora, Croton sp. and Eugenia spp. 

(Torres et al., 200 I) has been advocated for the management of DBM. However, 

elaborate field studies on the efficacies of plant products are warranting. 

Wyman et al. (1999) encouraged the use of biological control as a component of 

IPM with widespread control failures with P. xylostella. Parasitoids like Diadegma 

semiclausum (Hellen), Cotesia plutellae (Kurdy) and Tomyzus sokolowskwi (Kurdy) have 

been found to OCCl,lI' on P. xylostella (Delval'e and Kirk. 1999), Absence of effective 

natural enemies, especially these pal'asitoids, is believed to be a major cause of the 

OBM's pest status in most parts of the world (Lim, 1986). Lethal effects of over use of 

synthetic insecticides have suppressed the potential of natural enemies of OBM. 

Conservation and augmentation of these natural enemies are needed for management of 

P. xy/oslella, but these are long-term processes. 

Among the microbial agents, Bacillus Ihuringiensis (B./.) (Berliner) offers 

tremendolls scope for DBM control because of its specificity. Several insecticidal crystal 

proteins of B.I. like CrylAa, Cry lAb, CryIB, CrylC and CryIF arc toxic to P. xy/ostel/a 

~ (Ballester et al., 1999). Because of widespread usage of B. t. in large quantities 

comparable to chemical insecticides, OBM have also got the distinction of being the first 

insect to develop resistance to this pathogen in the field (Kirsch and Schmutterer, 1988; 

Tabashnik et al., 1990) and the resistance in the laboratory being well documented 

(Mohan and Gujar, 2000). Failure of genetiGally improved strains of B.t. (Talekar and 

Shelton, 1993) and development of resistance to transgenic broccoli plants by 

p,. xylostella (Shelton et al., 2000) reveal the complexity in the use of B.t. products 

against DBM. 

Natural epizootics of fungal pathogens like Beauveria bassiana Yuill., 

Zoophthora radicans (Brefeld) Batko, (Yoon et al., 1999, Gopalakrishnan et al., 1999) 

and infectivity of Metarhizium anisopliae (Metchnikoff), Nomuraea rileyi (Farlow) 

Samson, P. fumosoroseus (Wize) (Robert and Marchal, 1980) against P. xy/os/ella have 
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been documented. Baur et aI., (1997) reported the invasion, development and reproduction 

of entomopathogenic nematode, Steinernema carpocapsae (Weisler) in P. xylostella. 

Environmental specificity of these pathogens limits their field use. 

Other microbials for the control of diamondback moth include the baculoviruses 

that have been demonstrated to be pathogenic for lepidopteran insects. The potential of 

baculoviruses in the management of P. xylostella is detailed as follows. 

2.1.1. Baculoviruses of P. xylostella 

Granulovirus (OV) was the first baculovirus detected in the larvae of P. xyloslella 

(PxOV). Asayama and Osaki (1970) described the symptomotologies and morphometries 

of OV infection in P. xylostella. The pathology of the disease, host interactions, field 

efficacy and potential use of GV as a -biocontrol agent against P. xylostella have been 

extensively reviewed (Asayama and Inagaki, 1975; Asayama, 1976; Kadir, 1986; 

Koshihara, 1986; Hou, 1987; Su, 1987; Yuan et al., 1999 and Sairabanu, 2000). 

Nucleopolyhedrovirus of P. xylostella (PxNPV) was first observed in the fields of 

cauliflower (Vail et ah, 1972). Observations of the polyhedral and viral morphology and 

results of the cross-infectivity tests indicated that the virus isolated from P. xylostella was 

the virus from the alfalfa looper used for the control of cabbage looper, Trichoplusia ni 

(Hubner). Biever and Andrews (1984) isolated a NPV from P. xy/osfella which was 

cross-infective to several lepidopteran pests. However the identity of the virus was later 

confirmed as NPV of Galleria mellonella (L.) (GmNPV) by characterization studies 

(Kadir and Payne, 1989). Kadir (1992) emphasized the potential of several baculoviruses 

for the control of DBM. 

Grewal et ai, (1998) reported the susceptibility of P. xylostella to NPV of Anagrapha 

folcifera (Kirby) (Afl\.1NPV) and Autographa californica (Speyer) (AcMNPV). AcMNPV was 

found to be more virulent than AfMNPV for P. xylostella. Neonates of P. xyloslella were 

found to be highly su~ceptible to GmNPV and a low L T 50 was recorded with GmNPV 

when compared to that of AcMNPV and PxOV (Kadir et al. 1999b). Until recently there 
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are no authentic reports on the NPV of P. xylostella. Kariuki and McIntosh (1999) 

isolated a new baculovirus from diamondback moth and identified as a multiple 

nucleopolyhedrovirus (PxMNPV). Its identity as PxMNPV was confirmed by comparing 

with AcMNPV and AfMNPV by restriction endonuclease (REN) analysis, hybridization 

and neutralization tests. 

In India, there are reports on the use of PxMNPV in laboratory and field against 

P. xylostella in Punjab (Varma and Gill, 1977) and in Kamataka (Padmavathamma and 

Veeresh, 1991). However the validity of these reports is not confirmed by 

characterization studies and comparison with the other viruses causing heterologous 

infection as a contaminant. Rabindra ef al. (l998b) have reported a granulosis virus from 

two populations of P. xylostella from India for the first time. The pathogenicity of PxGV, 

its formulation, fieJd ef£icacies and interactions with other modes of control were 

extensively studied (Sairabanu, 2000; Rajagopalbabu, 2001). 

2.2. Cross-infectivity of baculoviruses 

Among insects, there are many reports of virus cross-infectivity between species 

of the same genus, fewer between genera of the same family, less between families of the 

same order and rare between orders. However, examples of virus cross transmission 

across all taxa including orders are reported for every group of insect virus. The relative 

specificity of insect virus types, based upon attempted and successful in vivo transmission 

was first summarized by Ignoffo (1968). He then, categorised the successful cross­

transmission ofGV andNPV as 10.71 per c~p.t and 32.09 per cent respectively. 

Bolle in 1889 was the first investigator who claimed successful transmission of an 

insect viru~ (NPV of silkworm) to other insect species and even to different orders 

(Prowazek, 1907). Since 1950, however, many other instances of transmission across 

genus, family and even order have been reported. Earlier attempts included successful 

transmission of Bombyx mori (L.) NPV to other families of Lepidoptera (Bergold, 1943). 

Gershenson (1955; 1962) tested the susceptibility of 60 insect species (18 lepidopteran 

families and one family of Hymenoptera) to seven NPVs. Five and seven of the 
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lepidopteran families were only susceptible to viruses from B. mori and from Anlheraea 

_ pernyi (Guerin-Meneville) respectively. The host recipient and virus donor systems of 

successful cross transmission studies are listed below. 

Reports of successful attempts to cross transmit NPV to alien insect species 

S.No. Virus Donor Host Recipient Reference 

1. Barathra brassicae (L.) Orthosia incerta (Huf.) Ponsen and 
Dejong (1964) 

,., B. mori Samia ricini (Drury), Aizawa (1962) ""'. 
Samia cynthia (Boisd.) Bergold (1943) 
G. mellonella Gershenson (1962) 
Dermestes lardius (L.) 
A. pernyi, Antharaea 

, yamamai (Guerin-
Meneville) 

3. Choristoneura pinus C. fumiferana, C. pinus Stairs (1960) 
(Freeman) 
Choristoneura 
fumiferana (Clemens) 

4. Colias eurytheme Pieris rapae (L.) Steinhaus (1953) 
(Boisd.) 

5. Dic/yop/oca japonica S. cynthia Ishikawa (1960) 
(Moore) 

6. Heliothis zea (Boddie) H virescens, H zea, Ignoffo (1965) 
Helio/his peltigera Heliothis phloxiphage 
(Denis & Schif.) (Grote & Robin.), 
Heliothis virescens Helicoverp.{J armigera 
(Fab.) (Hubner) 

7. Lymantria monocha (L.) Dendrolimus pini (L.) Smith and Xeros (1952) 

8. Malocosoina pluviale Malocosoma disstria Stairs (1964) 
(Dyar) (Hub.), Malocosoma Kulman and 

americanum (Fab.) Brooks (1965) 

9. Panaxia dominula (L.) Sphinx ligustri (L.) Smith and Xeros (1953) 

10. P. rapae C. eurytheme Tanada (1954) 

11. Porthetria dis par (L.) B. mori Bergold (1943) 

12. S. ricini, S. cynthia B. mori Yamamasu el al. (1954) 
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13. Lymantria dispar (L.) Dendrolimus spectabilis Aratake and 
(Butler), B. mori Kayamura (1972) 

!- 14. Ephestia "autella (Wlk.) Plodia interpunctella Hunter et al. (1973) 
(Hub.) 

15. B. mori D. spectabilis, L. dis par, Aratuke and 
Malocosoma neustria Kayamura (1973) 
testacea (L.), s. cynthia, Watanabe et al. (1975) 
Chilo suppressalis (Wlk.), 
O. mellonella 

16. Thymelicus lineola Hyphantria cunea (Drury) Smirnoff (1976) 
(Ochsenheiner) 

17. Chrysodeixes chalcites Anadevidia peponis (L.) Rabindra and 
(Zenilla) Subramanian (1976) 

18. A. cal([ornica Ennomus subsignacrius Kaya (1977) 
(Hb.), Eupsilia sp. Witt and Janus (1977) 
]vi americanum Vail el al. (1971, 1973) 
Anisola senaloria (Smith) Hink and Strauss (1976) 
H cunea, Alsophila Maleki - Milani and 
pomelaria (Harris) Milani - Maleki (1978) 
G. mellonella, T. ni, 
Spodoplera exigua (Hb.) 
H. zea, ESligmene acrea 
(Drury), P. xylostella, 

- H. virescens, Spodoptera 
Jrugiperda (Smith) 
Spodoptera littoralis 
(Boisd.) , 

19. Rachiplusia ou (Guen.) Agrotis ipsilon (Hufnagel) Lewis and 
Adams (1979) 

20. Anticarsia gemmatalis H. zea, T. ni, Carner et al. (1979) 
(Hub.) Pseudoplusia includens 

~ ~~ (Walker)_ 
Spodoptera ornithoga/li 
(Guen.) 

21. C. fumiferana T.ni, O. mellonella Stairs et al. (1981) 

22. A. californica, T.ni S. exigua Tompkins et al. (1981) 

23. H armigera S. exigua, S. Jrugiperda Hamm (1982) 

24. G. mellonella T. ni,H zea, Manduca Fraser and Stairs (1982) 
sexta (L.) 

25. Orygia pseudotsugata E. acrea Shapiro el al. (1982) 
(McDonnough) 
C. fumiferana 
L. dispar 
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26. H. armigera S. littoralis Abou~Bakr e/ at. (1984) 
r--

Mamestra brassicae (L.) Nocll/a pronuba (L.) Allaway and 27. 
Payne (1984) 

28. S. littoralis H. armigera Abou-Bakr e/ al. (1984) 

29. O. pseudo/sugata Orygiapostica (Walker) Su (1986) 

30. H. armigera A. atkinsoni, H. armigera Narayanan (1986) 
Adisura atkinsoni 
(Moore) 

31 .. Pan a lis flammea M brassicae Kelley and 
(Dennis & Schif.) Entwistle (1988) 

32. G. mel/onella A. ipsilon, H. virescens, Kadir and Payne (1989) 

I 

H. zea, P. inc/udens, 
S. Iilura, S. orni/hogalli, 

I T.ni 
11 S. littoralis Locus/a migra/oria (L.) Bensimon et al. (1987) .).) . 

34. A. californica Boarmia selenaria Scheepens and 
(Dennis & Schif.) Wysoki (1989) 
H. armigera, H. peltigera, 
E. cautella 

35. M. brassicae P. xylos/ella Biache et al. (1989) 

36. L. dispar M sexta Stairs et al. (1991) 

37. A. californica P. includens, R. ou Morales e/ al. (1993) 
A. gemmatalis 

38, Por/he/ria sequax (L.) S. frugiperda, Sant~Ara and 
A. gemmatalis . Silva (1994) 

39. A nadevidia peponis (L.) Plusia eriosoma Rabindra et al. (1999) 
(Doubleday) 
Plusia orich_alceai (Fab.) 

40. G. mellon~ll(l P. xylos/ella, Kadir et al. (1999b) 
Crocidolomia binotalis 
(Zell), H. virescens, 
M brassicae 

41. . A. fal.cifera H. zea,' H. virescens, Grewal et al. (1998) 
S. exigua, S. frugiperda, 
P. xylostella. 

42. P. ~ylostella H. virescens, T.ni, H. zea Kariuki and 

S. exigua, S. frugiperda McIntosh (1999) 



However, the validity of such reports remains questionable as antipodal results are 

reported with same host recipient - virus donor systems. In most of the cases, the virus 

identity and purity, host age and sterility, inoculum form and size and route of 

administrations are uncertain. For in~tance, Biever and Andrews (1984) published the 

susceptibility of several lepidopterous larvae to a NPV of P. xylostella. Kadir and Payne 

(1989) disputed over this and proved that the above virus from P. xylostella was a 

contamination of the insect culture with a virus from G. mellonella by characterization of 

virus using REN analysis. This reinforced the importance of being aware of the confusion 

that is associated with the naming of viruses by the host from which they were isolated 

and also emphasized the need of characterization of virus after passage through 

heterologous hosts for unequivocal confirmation of cross-transmission of baculoviruses. 

2.2.1. DNA characterization of NPV by restriction endonuclease analysis 

REN analysis is a powerful diagnostic tool in the identification of baculoviruses. 

This is indispensable in cross-infectivity studies for identification of a particular viral 

strain after passage through alternate hosts. Initially, characterization of NPV de-oxy ribo 

nuclei acid (DNA) was done by methods like cesium chloride equilibrium centrifugation, 

thermal denaturation, natural and alkaline sucrose gradient centrifugation. These methods 

were llsed in the characterization of NPVs of T. ni, S. jrugiperda (Smith) and R. ou 
\ 

(Guenee) (Summers and Anderson, 1973). 

Baculoviruses contain circular duplex DNA genomes of molecular weights 

ranging from 50 to lOO"x 106 daltons (Burges,- 1977; Kelly, 1977; Summers, 1977). 

Analysis of baculovirus genomes with restriction endonuclease was proposed by Smith 

and Summers (1978). EcoR I restriction endonuclease fragment patterns of DNA from 

nine wild type insect baculoviruses were compared and genomic heterogeneity was 

detected. Miller and Dawes (1978) were successful in distinguishing two closely related 

NPV s of A. cali/ornica and T. ni by REN analysis. 

Smith and Summers (1979) prepared the restriction maps of G. mellonella NPV 

with endonucleases like Sma I, Kpn I, BamH I, Sac I, Xho I and EcoR I and concluded 
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that GmNPV and T. ni NPV were variants of AcMNPV with similar genomes and protein 

structures based on the restriction maps. 

In 1984, Biever and Andrews reported the susceptibility of several lepidopterous 

larvae to a PxMNPV. Later in 1989, Kadir and Payne questioned the identity of PxNPV 

and proved that PxMNPV used by the former authors was a contaminant of GmNPV of 

by REN analysis. Kadir et al. (l999b) determined the cross-transmission of NPV s of 

G. mellonella and A. californica to P. xylostella, H. virescens, C. binotalis and 

M brassicae (L.). In this study, the DNA isolated from purified progeny viruses was 

compared by REN analysis with DNA from the inoculum viruses. The progeny virus and 

inoculum virus had similar DNA profiles confirming the cross-infectivity of viruses. 

In another study, H. armigera larvae inoculated with GmNPV died showing 

typical virus symptoms. However, REN analysis with Pst I, Hind III, BamH I and EcoR I 

revealed that the progeny virus was NPV of H. armigera indicating the expression of 

latent virus (Rabindra et al., 1998a). Also, Rabindra et al. (1999) proved the cross­

infectivity ofNPV of A. peponis to other species of Plusia by REN analY$is. 

These studies emphasize the confirmation of cross-infectivity studies using REN 

analysis as a diagnostic tool. As the inoculation of alien viruses at times triggers the 

expression of latent virus, REN analysis of viral DNA of progeny viruses can be used as 

the tool for the identification and unequivocal confirmation of cross-transmission of 

baculoviruses. 

2.2.2. GmNPV and its cross-infectivity to alternate hosts 

G. mellonella NPV was studied by Stairs and Ellis (1971) using electron 

microscope and microfilters. The smallest infectious units in the cell cytoplasm and 

haemolymph of diseased larvae are rod shaped virions of 38-40 nm in diameter and 

100-400 nm in length. Kozlov et al. (1 975a,b ) studied the polyhedral proteins of GmNPV 

and compared the properties with that of B. mori NPV. 
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Skuratovskaya et al. (1977) studied the supercoiled DNA of GmNPV. The rate of 

development of larvae and pupae of G. mellanella and its NPV were determined over a 

range of temperature from 12 to 40°C. It was reported that at 40°C, both larval 

development and virus disease ceased (Stairs and Milligan, 1980). 

The relative infectivity of non-occluded virions, polyhedra and virions released 

from polyhedra of GmNPV was evaluated (Stairs, 1980). Non-occluded virions and 

virions occluded within polyhedra were equally effective against G. mel/anella. 

Witt and Janus (1977) were successful in replicating GmNPV in cultured cells and 

in larvae of T ni. Chemically dissociated polyhedra of GmNPV were first reported to be 

infectious for TN-368 cells and T ni larvae. Fraser and Stairs (1982) reported that the 

neonates of H. zea, T. ni and M sexta' were susceptible to GmNPV with variable 

mortality rates. This is believed to be the first report of a lethal virus infection in a 

sphingid,M sexta. Stairs (1990) determined the effect ofGmNPV on growth and survival 

of young M sexta larvae. It was found that GmNPV was infectious @ 5 x 106 POB/cube 

and 2 x 106 POB/cube' of diet to one day old and 3-day old larvae of M sexla and these 

treated larvae weighed 40 per cent and 76 per cent less than control growth rate 

respectively. 

NPV isolated from P. xylastella, reported to be cross·infective to T. ni, 

P; includens, H. zea and A: ipsilan (Biever and~ndrews, 1984), was later identified as an 

isolate of GmNPV (Kadir and Payne, 1989). This proves that GmNPV has the capability 

to initiate heterologous infections in several lepidopteran .pests. Recently, Kadir et al. 

(1999b) showed that GmNPV was cross-infective to several major lepidopterous pests of 

Brass;ca'crops and the same was confirmed by characterization of viruses of heterologous 

infection by REN analysis (Kadir el al., 1999a). 

However, in India, there are no reports available on the use of GmNPV at 

laboratory or field scale except for the one (Dipankar, 2000) where GmNPV was used as 

a component for the management of G. mellanella infecting beehives in Karnataka. Also, 
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Rabindra et al. (l998a) showed that larvae of H armigera inoculated with GmNPV 

resulted in the expression of latent infection of H armigera NPV (HaNPV) as revealed 

by the comparison of DNA profiles with that of HaNPV. 

2.3. Effect of serial passage of NPV in homologous and heterologous hosts 

Generally in vivo sequential passages of wild isolates of NPV can increase 

virulence and reduce the time to kill natural host as well as other species that normally 

have low susceptibility to a given baculovirus. Apparently, sequential passages select 

more active isolates present in heterogenous wild virus popUlations against the host or 

non-host species. Serial passage ofNPVs through alternate host system has resulted in the 

selection of more virulent isolates (Veber, 1962; Smirnoff, 1963; Shapiro and Ignoffo, 

1970). Vail el. al. (1973) first attempted the study on quantitative effects of passage of 

AcMNPV through the alternate hosts and proved that passage of AcMNPV through T. ni, 

S. exigua and E. acrea resulted in highest mortality of T. ni larvae and yield of polyhedra. 

Aratake and Kayamura (1973) showed that BmNPV retained its pathogenicity for B. mori 

after passage through M neustria festaceae in Samia cynthia pryeri (Drury) larvae. 

In general, NPVs adapt to the homologous or heterologous hosts upon sequential 

passages. However, attempts made to adapt AcMNPV to S. lil/oralis were unsuccessful 

even after seven passages because of latent virus infection of S. liltoralis (Maleki-MiIani 

and Milani - Maleki, 1978). Pavan et al. (1981) studied the effect of serial passage of 

A. gemmatalis NPV through an alternate host, P. includens. The virulence of AcMNPV 

remained unchanged after serial passage through homologous host while serial passage 

through the alternate host resulted in virus progeny having biological properties 

associated with wild AcMNPV and latent AcMNPV expressed during third and fifth 

passage in P. includens. 

Stairs et al. (1981) advocated that serial passage of NPV in alternate hosts could 

be n useful method in obtaining more virulent baculoviruses for use against several pest 

species. In this study, an isolate of C. fumiferana NPV when passaged in T. ni and 

G. mellonella became increasingly virulent to homologous and heterologous hosts. In 
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another study the infectivity ofNPVs of 0. pseudatsugata, C. fumiferana and L. dispar to 

"larvae of E. acrea was enhanced after successive passage in the alternate hosts (Shapiro 

et al., 1982). 

Tompkins e/ al. (1988) compared the virulence of NPVs of A. califarnica, T ni, 

R. au and H. armigera by serially passaging numerous times in the larvae of T ni and 

S. exigua. The most signifi~ant increase in virulence (12.5 fold) occurred in HaNPV after 

passages in T. ni and S. exigua against neonate T. ni larvae. Serial passage of NPV 

through alternate hosts not only changed the virulence of progeny virus but also affected 

- the growth and survival of target hosts as indicated by Stairs (1990). GmNPV passaged 

once in M sexta larvae had enhanced the activity on the growth and survival of young 

M sex/a larvae. 

Kolodny~Hirsh and Van Beek (1997) proved the increase in virulence of 

AcMNPV following serial passage in P. xylastella. Serially passaged AcMNPV through 

P. xylastella larvae for 20 times increased the virulence by 15 fold to P. xylostella. 

However, the biological activity of AcMNPV passaged through S. exigua, T ni and 

H virescens remain unchanged. Hence it is important to select an alternate host which 

gives a variant of progeny virus upon passage with increased virulence. 

Serial passage of NPV has not always resulted in the desired change of progeny 

viruses. Attempts to develop an isolate of AcMNPV by serial passage that would be 

effective against a lepidopteran complex (A. "gemmatalis. P. includens and R. au) in 

soybean were not successful. The virulence of AcMNPV passaged serially through each 

species increased dramatically after five passages with activities close to or above those 

of natural NPVs associated with each host, but variants obtained from each species were 

not effective against the other two species (Morales et al., 1993). 

Although baculovirus activity and host range may be improved through serial 

passages of wild type isolates. either on host or non-host insects, this method has not been 

adequately explored for many viruses used as microbial insecticides (Moscardi, 1999). 
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2.4. Mass production of NPV 

Viruses are mass-produced in larval hosts grown on artificial diets or natural host 

. plants. Larvae are infected per os at suitable stage of development and reared either in­

groupS or individually depending on cannibalistic nature of its species. In vivo mass 

production technologies of narrow host range NPVs of H. armigera (Attothom et al., 

1990; Bell, 1991); Spodoptera litura (Fab.) (Huang-Yaxin and Huang, 1995), S. exigua 

(Battu, 1987; Smith and Vlak, 1988; Choi-Jac-Young et al. 1996), Spodoptera exempla 

. (Walker) (Cherry el al., 1997), Euproctis chrysorrhoea (L.) (Kelley et al., 1989), 

Diacrisia ohliqua (L.) (Battu and Ramakrishnan, 1987) have been standardized. 

In the case of NPV s with broad host range, it becomes highly important to select 

an in vivo system either homologous or 'heterologous for mass production based on the 

ease of rearing of larvae and virulence and yield of progeny virus. Shapiro et al. (1982) 

cOmpared the virulence of several NPVs against E. acrea and showed that E. acrea was 

ideal· host for mass production of 0. pseudotsugata NPV on the basis of both virus yield 

and activity .. 

A NPV of P. flammea was mass produced in vivo in an alternative host, 

M. hrassicae and in the same host. It was found that homologous NPV/host system was 

more efficient production system than the heterologous one (Kelley and Entwistle, 1988). 

Another study by Grzywacz et at. (I998) indicated that homologous host was most 

suitable for in vivo production of S. littora/is NPV. Infectiousness of HaNPV in 

homologous and heterologous host, S. exigua was established by multiplication bioassays. 

Larvae of S. 'exigua exhibited less ·susceptibility to HaNPV than H. armigera based on the 

yield ofPOB (Maraccaja et al., 1998). 

Also, the effect of diet, temperature and method of inoculation on in vivo mass 

production ofNPVs has been studied elaborately. The optimum temperature was 24-27°C 

when fourth instar larvae of S. litur,a were infected and the yield of S. litura NPV 

(SINPV) was higher from larvae reared on an artificial diet than from a natural diet 

(Huang-Yaxin and Huang, 1995). The leaf dip method resulted in the highest mortality of 
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. s..littoralis to its NPV and net yield/larva. Natural diet (castor leaves) gave the best result 

when compared with semi-synthetic diet (EI-Saadany et al., 1992). 

Currently, viruses used for pest control are produced and harvested from diseased 

insects. However, mass production of viruses in vitro using insect cell lines has been 

. reviewed extensively (Ignoffo, 1966; Rivers, 1976). Recent improvements in cell yields 

and reproducibility of cell growth in large volume cultures indicate the feasibility ofNPV 

production in cell culture (Weiss et a!., 1992). These cell lines and techniques are often 

proclaimed as the future source for mass-produced viral insecticides. The production 

technology of viruses in cell culture is highlighted by the development of bioreactor by 

. Tramper et al. (1990) which support the continuous cell culture of S. jrugiperda and viral 

infection process of AcMNPV. In vitro studies of NPV are reviewed in detail later in this 

.' chapter. 

2.5; Histopathology studies of NPV in homologous and heterologous hosts 

. Histopathology studies determine the, extent of infection of viruses in the various 

tissues of the host. These provide cytological evidence for the replication of baculoviruses 

in insect hosts. The mechanisms and pathway of infection of baculoviruses can be 

,documented by studying the histopathology and ultrathin structures of host tissues. . 

The histopathology of NPV infection in homologous hosts has been studied in 

detail' in in·sects like H.- armigera (Jacob and Subramanian, 1972; Rabindra and 

,Subra_manian, 1974) S. exempta (Odindo, 1977), Heliothis zea (Granados, 1978), 

, Myt~imna separata (Walker) (Shreesam et al., 1983), S. Iilura (1m et al., 1988), 

:' .8. ,jrugiperda (Hamm and Styler, 1985), S. exigua (Tuan-Shujen et al., 1999), 

·A. gemmatalis (Matos et al., 1999) and Choristoneura rosaceana (Clem:) (Pronier et al. 
" " 

. 2000). , 

The first tissues affected by replicating virus in treated iarvae were the fat bqdies, 
, , 

hypodermis, hypodermal glands and tracheal matrix. The wing-buds, imaginal discs, 

ovary epithelial cells, testes, silk glands, malpighian tubules and sarcolemma were 
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infected heavily in due course and finally the infection occurred in the neurolemma, 

.. frontal ganglion, thoracic ganglion and. cerebral complex. The epithelial layers of the 

. fore.;gut and hind-gut were rarely infected (Shreesam et al., 1983). 

For heterologous infections, histopathology studies are used for comparing the 

rate of infection of tissues of original and alternate hosts. The histopathology of 

AcMNPV was studied by examining 13 tissues in the original and six alternate hosts 

including P. xylostella. In all the hosts, the hypodermal glands, tracheal matrix and fat 

.. body cells were infected (Vail and Jay, 1973). Hunter et al. (1973) described the viral 

replication of Cadra cautella (Wlk.) NPV in hypodermis, tracheal matrix, fat bodies, 

muscles and midg~t columnar epithelial cells of P. interpunctella. It was observed that 

the infection in the alternate host developed 'more slowly and the tissue tropisms were less 

"apparent. Studies on histopathology of O. postica infected with NPV of O. pseudotsligata 

revealed the break down of nuclear materials in fat body cells a day after inoculation and 

increase in size of infected cells three days after inoculation (Su, 1986). Stairs et al. (1991) 

used the ultra structures and electron microscopy to stu~y the infection of P. dispar (L.) 

NPV on M sexta larvae. Electron micrographs showed both cytoplasmic and nuclear 

polyhedrosis virions in fat bodies, tracheal epithelium and epidermis of diseased larvae. 

However, more of the infected cells contained very large numbers of virions or polyhedra 

in this heterologous infection. 

" .--" 

2.6. Vertical transmission of NPV 

There are two major modes of transmission of NPV viz., horizontally in the 

environment and vertically from an adult to its own offspring) while horizontal 

transmission is fairly well understood there are studies on vertical transmission of few 

NPV. Vertical transmission ofNPV takes place through the virus that may be contained 

Within the eggs (transovariaI) or on the exterior of the egg (transovum) (Martignoni and 

Milstead; 1962). 

Hamm and Young (1974) proved that NPV of H. zea was transmitted by surface 

contamination of the eggs with polyhedral occlusion bodies (PIB) that had passed through 
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the digestive tract of adult H zea fed with PIB. The transovarial transmission of NPV of 

B. mori was confirmed by the location of antigen of the virus in the amniotic fluid and 

embryo (Larinov and Bakhvalor, 1974). Nordin (1976) found that adults of H. cunea 

contaminated with dust containing the virus effectively infected their progeny by 

- transovum transmission. Survivors of virus treatments in the sixth instar stage of 

P. includens resulted in the virosis of progeny larvae (Young and Yearian, 1982). 

EI-Nagar et al. (1982) demonstrated that the surface contamination of egg-masses of 

cotton pest, S. littoralis with NPV resulted in transmission of the ?isease to the progeny 

larvae. Surface sterilization of the eggs prevented the transmission. 

In a review, Fine (1984) concluded that although vertical transmission had been 

frequently reported for insect pathogens, ·its quantitative importance in relation to other 

transmission pathway was not well known. Transmission of NPV of Spodoptera 

mauritiana (Biosd.) through egg was studied by Nair and Jacob (1985). Both virus fed 

moths and virus treated moths could transmit the virus to their progeny and the route of 

transmission being either trans ovum or transovarial. 

Survivors of virus treated population resulted in 4.7 - 11.5 per cent virus - induced 

mortality in progeny of L. dispar and a high positive correlation was observed.'between 

mortality in progeny and NPV -induced mortality in the parental generation (Shapiro and 

Robertson, 1987). 

Olofsson (1989) advocated a new route of transmission of NPV of Neodiprion 

sertifer (Geoffrey) through the meconia. Virus was transmitted more often by newly 

emerged females than by females having voided their meconia. Transovum or 

trans ovarial transmission of NPV in other insects like S. litura (Santharam and Jayaraj, 

1989), L. dispar (Murray and Elkinton, 1989; Ilyinykh et al., 1997), M separala 

(Rahman et al., 1997) were also observed. 
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2.7. In vitro studies with NPV 

Use of cultured cells for the study of insect viruses has become increasingly 

important. Over sixty insect cell lines have been established from major lepidopteran 

pests of agriculture and forestry (Hink and Bezanson, 1985). The usage of lepidopteran 

cell lines has increased during the past 10 years as a result of development of baculovirus 

expression vectors (BEV) that are directly applicable to biomedical and agricultural 

research. Insect cell lines offer an attractive alternative for in vivo production of NPV in 

susceptible hosts and many studies has shown the replication ofNPV in established insect 

cell lines (Ignoffo et al., 1971; Vail et al., 1973) and feasibility of large-scale cell culture 

production (Weiss and Vaughn, 1986; Maiorella et al., 1988 and Agathos, 1994). 

2.7.1. GmNPV 

Witt and Janus (1977) determined the capability of an established T. ni cell line 

(Tn-368) to support the replication of GmNPV. The successful large-scale production of 

GmNPV in S. frugiperda, IPL-ZIAE cells grown in roller bottles was described by 

Dougherty et al. (1982). 

Several plaque assay techniques employing TN-368 or PLB-SF-21 AE cells were 

evaluated for their usefulness in detecting and distinguishing many polyhedra (MP) and 

few polyhedra (FP) plaque variants of GmNPV (Fraser and Hink, 1982a). Moreover, MP 

and FP mutants were isolated and characterized. It was found that FP variant is less 

virulent, devoid of nucleocapsid and is a staple genotypic variant which arises from 

spontaneous mutation of the MP variants (Fraser aria Hink, ) 982b). 

2.7.2. Other viruses 

Several cell lines have been tested for their permissiveness towards specific viral 

strains 

Cell line sources Organ I Virus source Reference 

- expJants 
M disstria Haemocytes Lambdina fiscell aria Sohi and Cunningham 

- sammaria (Hulst.) (1972) 
M brassicae Fat bodies A. califarnica Mitsuhashi (1981) 
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-' 

rr. ni, S. pugiperda Imaginal disc A. calijornica Lynn et al. (1983) 
'-s. littoralis - A. gemmatalis Lynn and Oberlander 

(1983) 
'r'S. frugiperda Xestia-c-nigrum (L.) . Tsuda et al. (1984) 
s. exigua Epithelial S. exigua Gelernter and Federici 

cells (1986) 
S. frugiperda - A. cal(/ornica, Kislev, 1986 

S. !it/oralis 
P. dis par - A. call/ornica, McClintock et al. (1986) 
H. zea - H. zea Gettig et ai. (1987) 
B. morl Embryo B. mori Inoue and Mitsuhashi 

(1988) 
A. gemmatalis Embryo A. gemmalalis, Seibuith and Maruniak 

A. californica (1988) 
T. ni, S. frugiperda, - H. armigera Qui et al. (1988) 
M separata, 
H. armigera 
T ni, S. frugiperda, - A. california McIntosh and Ignoffo 
H. virescens, (1989) 
P. xyiostella, 

A. gemmataiis 
H su~flexa - A·lalcifera McIntosh (1991) 
T ni - T ni Granados et al. (1994) 
H. zea - H. zea, H. armigera Chakraborty et ai. (1995) 
S. litura Pupal ovary S. iitura Shih et ai. (1997) 
T ni Embryo A. cal{fornica, T ni McKenna et al. (1988) 
H virescens, T ni - P. xylostella Kariuki el al. (2000) 

The virus produced in vitro must be as effective as the virus obtained from in vivo 

propagation if it is to be used successfully as a control agent. Ignoffo et al. (1974) 

demonstrated that AcMNPV and TnNPV produced in cell culture were as effective as that 

produced in larvae by laboratory bioassays and field trials. Summers and Vokman (1976) 

advocated the use of lepidopteran ceIl lines for the study of the kinetics and biochemistry 

of baculovirus replication. NPV s of R. au and A. califarnica were studied to clarify the 

nature of nonoccluded infectious virus by making biophysical and morphological 

comparisons. 

Though many cell lines are permissive for a particular viral strain, it is important 

to compare the efficiency of viral replications in cell lines from different insect species. 
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Comparative studies were performed on the replication of AcMNPV in cell lines from 

E. acrea, L. dispar, M brassicae, S. Jrugiperda and T. ni . M brassicae and T. ni 

produced· more polyhedra than the other lines (Lynn and Hink, 1980). Danyluk and 

Maruniak (1987) determined in vitro host range of AcMNPV and S. Jrugiperda NPV in 

five different insect cell lines of P. interpunctella, S. /rugiperda, T. ni and A. cali/ornica. 

AcMNPV replicated in all the cells while SINPV did not replicate in the lines of T. ni. 

The effect of serial passage of NPVs of A. cali/arnica. T. ni, R. au, H armigera 

were determined in cell lines of S. Jrugiperda and T. ni (Tompkins el al., 1988). McIntosh 

and Ignoffo (1989) studied the population doubling time, virus yield and susceptibility of 

five lepidopteran cell lines to AcMNPV. P. xylostella cell line produced the greatest 

number of POB while POB from T. ni and H. virescens lines had the highest and lowest 

virulence respectively. 

P. xylostella NPV replicated in six lepidopteran cell lines with H. virescens and 

T. ni cells produced the highest viral titers and greatest number of occlusion bodies 

(Kariuki et al., 2000). Hence, selection of a cell line that will produce a high 

concentration of POBs equivalent in activity to that produced in larvae is an important 

aspect of in vitro produced viral insecticides. 

2.8. Effect of weather factors on the persistence of NPV 

2.8.1. Sunlight 

Inactivation of NPV by ultraviolet (UV) radiation of sunlight has been reviewed 

extensively. Studies by Young and Yearian (1974) demonstrated that HaNPV on the 

upper leaf surface of cotton, soybean and tomato was rapidly inactivated in the field. 

Yearian and Young (1974) reported that viral deposits in shaded areas on cotton plants 

were protected from UV radiation, resulting in greater persistence of the virus. Effects of 

sunlight and artificial OV radiation on the infectivity of NPV of H cunea were 

determined in the laboratory (Nordin, 1976). Exposure of suspensions of the virus on 

microscopic slides to direct sunlight for about 195 min resulted in 50 per cent reduction 

of the infectivity. 

22 



Narayanan et at. (1977) reported that SINPV could not tolerate the outdoor 

exposure for more than eight days without severe loss in activity. AcMNPV with 

apparently increased resistance to inactivation by near UV radiation was isolated by Witt 

and Rink (1979). EI-Nagar et al. (1980) studied the effect of direct sunlight on the 

virulence ofNPV of S. littoralis by comparative tests in sunny and shady conditions. The 

virus sprayed on to cotton plants in the field lost much of its virulence against S. littoralis, 

the day after application due to the effect of sunlight. 

The effect of sunlight on the infectivity of NPV of M separata (Manjunath and 

Mathad, 1981; Parameshwar - Hugar et aI., 1996); 0. pseudotsugata (Griego et al., 

1985), T. ni (Biever and Hostetter, 1985) and S. litura (Kulkarni et al., ] 999) has been 

documented. 

Witt and Stairs (1975) studied the effects of UV radiation on GmNPV. The virus 

was inactivated by exposure to an UV radiation (253.7 AO) and to near UV radiation 

(3000-3800 AO). The virus inactivation was found to depend on virus concentration, 

whereas the mode of action for each type of radiation was found to be constant. 

2.8.2. Temperature and relative humidity 

Nuclear polyhedrosis viruses are inactivated rapidly at temperatures above 50°C, 

but only slowly at lower temperatures. There is. some variability, however, between 

viruses from different hOsts and even between unicapsid and multi capsid strains 

(Martignoni and Iwai, 1977). The nonoccluded virions from G. mellonella are inactivated 

rapidly at temperatures as low as 40°C. However, occluded virions were found to be 

3.5 times more thermostable than nonoccluded virions. The inactivation threshold was 

noc and 359-degree minutes caused 50 per cent inactivation of GmNPV (Stairs and 

Milligan, 1980). 

The rates of development of larvae and pupae of G. mellonella and its NPV were 

:letermined over a range of temperature of 18-40°C. Both the extremes of temperature 
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ceased the larval development and v~rus disease. The degree of disease development 

depended on the time of exposure to the high temperature (Stairs, 1978). 

The influence of temperature and relative humidity on the interaction of NPV of 

S. littoralis was studied by Moawad (1986). High temperatures decreased the incubation 

period but did not increase overall mortality due to the virus. However, high relative 

humidity resulted in a high percentage of mortality among larvae at all the temperatures 

tested. 

These studies emphasize the effect of weather factors on the persistence of NPV. 

For any pathogen, it is desired to persist for a prolonged period under field conditions to 

bring out significant effect on the ,target pest and serve as an effective microbial 

insecticide. 

2.9. Field evaluation of NPV 

There are no reports on the use of NPV against P. xyloslella under field 

conditions. Though GmNPV has been found to be cross-infective to different 

economically important crop pests, it has not been field tested against alternate hosts so 

far. Hence the field use of other baculoviruses in other crop ecosystems is reviewed. 

In field studies in Taiwan in 1987-88, Artogeia rapae (L.) GV. P. xylostella GV 

and SINPV gave effective control of the respective pest (Su, 1989). Geissler (1995) 

reported the successful biological control of M brassicae in cabbage with the use of its 

NPV under field condition. The mortality rates ranged between 68.9-100 per cent. Field 

trails conducted in United Kingdom to assess the efficacy of a wild type AcMNPV and a 

genetically modified NPV from same host containing a gene for an insect-selective 

scorpion toxin revealed that T. ni and M brassicae were effectively controlled. The 

susceptibility of these two insects did not differ between conventional and genetically 

modified (OM) viruses but the rate of hill of T. ni was faster with the OM virus 

(Hernandez-Crespo, et al. 1999). 
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However in India, NPVs of H. armigera and S. litllra are chiefly used against the 

_ respective pests. Field efficacy of HaNPV against H. armigera was evaluated in different 

crop ecosystems like chickpea (Santharam and Balasubramanian, 1982; Rabindra and 

Jayaraj, 1988), cotton (Dhandapani, 1990; Rabindra and Jayaraj, 1995), pigeonpea 

(Vijayakumar, 1980; Muthiah and Rabindra, 1991), sunflower (Rabindra et al., 1990), 

pulses (Srinivas, 1986; Jayaraj et al., 1987), tomato (Narayanan and Gopalakrishnan, 

1990) and groundnut (Dhandapani et al., 1993). In the late 1990s, HaNPV was reported to 

be effective in controlling H. armigera in conjunction with other chemicals (Geetha, 

1997; Sivaprakasam, 1998; Sajjanar et al., 1999; Satpathy et al., 2000; Loganathan el aI., 

2000; Sathiah, 2000) . 

. Field efficacy of SINPV has been proved in many crops like banana (Santharam 

. et aI., 1978), tobacco (Ramakrishnan et al., 1981), ground nut (Muthuswami el al., 1993), 

castor (Mahadevan, 1978), crucifers (Pawar et al., 1991), cotton (Santharam, 1985). A 

dose of 1.5 x 1012 POB/ha of HaNPV andSINPV was found to be effective against the 

respective target pests (Geetha, 1997; Subramanian, 1998). 

Though there are several reports on the efficacies of NPVs of P. xylastella, 

G. me lIonelIa, A. californica and A. jalcifera based on laboratory bioassays, none has 

. been used against this pest under field conditions so far. However, the GV of P. xyloslella 

has been found to be effective under field conditions in Taiwan (Su, 1986, 1987, 1988) . 

. Sairabanu (2000) reported that PxGV @ 3 x 1013 OB/ha effectively checked the 

. population of P; xylostella under field conditions. The effect of PxGV in combination 

with insecticides like indoxacarb, abamectin and cartap hydrochloride, B. thuringiensis 

and neem products against P. xylastella was documented (Rajagopalbabu, 2001). 

2.10. Safety tests on non-target organisms 

Accrued data from specific safety testing gives increasing confidence to use NPV 

in pest management. In the late 1960's several NPVs underwent a series of tests by the 

Environmental Protection Agency (E.P.A.) including the broad host range NPV of 

A. calif arnica and proved harmless in extensive tests, including long term tests. The 
,.--:~--:..-. --._.~- .... -.. -.... -... ~. 
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NPVs proved harmless and unable to replicate in microorganisms, non-insect invertebrate 

cell lines, vertebrate cell lines, vertebrates, plants and non-arthropod invertebrates 

(Burges et al., 1980). 

Several NPV s have been tested against beneficial organisms and natural enemies 

of insect pests. Inclusion bodies from M brassicae NPV and Cydia pomone/la (L.) GV 

were found to be safe for honey bees, Apis melli/era L. (Groner et al., 1978). Dhaduti and 

Mathad (1981) studied the effect of NPV of M. separafa on eri silkworm, Philosamia 

ricini (Huff.) and indicated that the virus was safe to the silkworm. 

A broad host range NPV of A. gemmatalis was shown to be non-pathogenic to 

A. melli/era (Alves et al., 1990). Jayanthi and Padmavathamma (1996) proved that 

SINPV was safe to predators (Coccinella septempunctata (L.), Menochilus sexmaculatus 

(F.), Chrysoperla carnea (Stephens) and a few parasitoids. The adverse effect ofNPVs of 

H armigera and S. litura on the growth, development and survival of B. mori was 

recorded by Ramarethinam (1998). A reduction in the net weight gain and growth was 

observed in B. mor; fed with HaNPV and SINPV and virus treatments induced 

microsporidian infection. Safety of other baculoviruses to non-target organisms has been 

recorded by many workers (Arif and Dobos, 1978; Doller and Groner, 1981; Young and 

Hamm, 1985; Battu, 19~7, Geetha, 1997). 
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Chapter III 

MATERIALS AND METHODS 

3.1.. Mass culturing of host insects 

Different insect species which were reared, field collected or obtained from 

various sources are listed below: 

-Crucifer pest complex Castor leaf feeder complex 
Diamondback moth - Plute//a xy/ostel/a L. Woolly bear - Pericallia ricini F. 
Leaf webber - Crocid%mia hino/alis Zell. Semi looper - Achaeajanala L. 
Borer - He/hila linda/is F. Butterfly - Ergo/is merione Cram. 
Leaf caterpillar - Spodoptera Ii lura F. 

Spodoptera exigua Hb. 

Sugarcane borer complex Oilseed pests 
:Early shoot borer - Chilo infllscatelllls Snell. Black headed caterpillar -
Internode borer - Chilo sacchariphagus indicus Opisina arenosella Walker 

Kapur. Red hairy caterpillar -
Amsacla albistriga Walker 

Pulse pod borer complex Jasmine pest 
Spotted pod borer - Maruca vitrata Geyer Leaf folder - Nausinoe geome.tralis Kuen 
Pod borer - He/icoverpa armigera Hubner. 
Plume moth - Exe/astis alamosa Walsingham 
.Rice leaf folder complex Cotton / Okra borer 
Leaf folders - Cnaphalocrocis medinalis Guen. Spotted bollworm .. Earias villella Fb. 

Marasmia p_alnalis Bradley 
Millet pests Teak pest complex 
Stem borer - Chilo partelh/~ Swinhoe Defoliator - Hyblaea puera Cr. 

"" 

Leaf feeder - Mythimna separata Walk. 
- ." .. Skeletonizer .. Eute.ctana macheralis W. 

Cucurbit pest complex ~ Moringa pest 
Pumpkin caterpillar .Diaphania indica Sa~nd; Hairy caterpillar .. Eupteraie mallifera W. 
Snake gourd semilooper - Anadevidia peponis F. 
Stored product pests Mulberry pest 
Rice moth _. Corcyra cephalonica Stainton. Leafwebber .. Diaphania pulverulentalis 
Greater wax moth - Galleria mellonella L. Hampson 
Potato pest Curry leaf pest 
Black cutworm, Agrotis ipsilon Hufnagel Leaf roller - Psorosticha zizyphi Staint. 
Mulberry silkworm 
Silkworm - Bombyx mori L. 



:;.1.1. P. xylostella 

The Bangalore strain of P. xylostella larvae maintained in the Department of 

. Entomology was reared on cauliflower leaves. The larval stages were maintained in 

cauliflower leaf bouquets in wire mesh fitted larval rearing cages of 45 x 45 x 45 em size 

Jor easy handling. The larvae were maintained @ 200-300/leaf upto early third instar 

stage and later reduced to 25-50/1eaf The pupae were collected and transferred to 

. oviposition cages (30 x 30 x 30 em) periodically. 

The adults upon emergence were .provided with 10 per cent sucrose solution 

fortified with vitamins (ABDEC) for feeding and mustard seedlings for ovipositing. 

Mustard seeds, treated with Carbendazim (Bavistin) 50% WP (2g1kg) for atleast 24 h, 

were soaked overnight in water and sown in cups (5.5 em height, 10 em dia) filled with 

sterilized soil. Two to three days after germination, the seedlings were used for 

oviposition. The second instar larvae upon emergence from the leaf mines were 

transferred to cauliflower leaves for rearing of late instars. 

3.1.2. G. mellon ella 

The larvae of O. mellonella were reared on semi-synthetic diet described by Singh 

(1994) (Appendix 1). The pupal cases formed in the galleries of the diet were collected 

and kept separately for adult emergence. The adults, upon emergence, were released @ 

5 pairs/plastic jar of size 10 em dia and 19 em ht::ight. The adults were provided with 

10 per cent sucrose solution containing vitamins and beeswax - dipped cards (2.5 x 

7~5 cm)Jor oviposition. The egg cards were transferred to freshly prepared diet: . 

3.1.3. C binotali.~ and H. umlalis 

The larval stages of C. binotalis and H lIndalis were reared on cauliflower leaves. 

The leaf bouquets were used for oviposition of the adults. 

3.1.4. C partellu ... 

The larvae of C. partelllls were re.ared on sorghum leaf powder - based semi­

synthetic diet (Sharma et al., 1992) (Appendix J). The larvae were reared on plastic boxes 
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(27 x 17 x 5 cm) containing the artificial diet upto third instar stage. Then the larvae were 

transferred to glass vials with diet individually to facilitate boring activity. The adults 

were released in plastic containers (24 cm dia, 18 cm height) lined with butter paper. The 

egg masses laid on the paper were surface - sterilized with 10% formaldehyde solution 

and transferred to fresh diet boxes. 

3.1.5. P. ricini 

Castor leaves were used for rearing of larvae of P. ricini, The larvae which 

pupated on the edges of the cages were collected and kept separately for adult emergence. 

Adults were released in oviposition cages (45 x 45 x 45 em) @ 10 pairs/cage. Fresh castor 

leaves were provided for oviposition. 

3.1.6. M. vitrata 

The larval stages of M vitrata were reared on semi-synthetic diet as described in 

Appendix I. Adults were released in plastic buckets (20.5 cm dia. and 24.5 em height) 

covered with muslin cloth. Eggs laid on cloth were surface sterilized with 

10% formaldehyde solution and the neonates, upon hatching, were released in freshly 

prepared semi-synthetic diet. 

3.1.7. O. arenosella 

Coconut fronds were used for rearing the coconut black headed caterpillars. Pupae 

formed in the galleries ofth~ leaves were collected· and kept in oviposition chamber (45 x 

45 x 45 cm.· size). Coconut fronds with intacf terminal ends were provided for 

oviposition. The larval instars were reared on fresh fronds (15 x 3 em) placed inside 

plastic jars (10 cm dia. and 19 cm height) lined with a pad of moist cotton at the bottom. 

3.1.S. Other insects 

The following insects were reared on the respective natural host and the F 11F2 

progenies were used for the experiment. 
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Ergolis merione 

Diaphania pulverulentalis 

Nausinoe geometralis 

Achaeajanata 

Agrotis ipsilon 

Anadevidia peponis 

Diaphania indica 

Castor 

Mulberry 

Jasmine 

Castor 

Artificial diet (Appendix I) 

Bottle gourd 

Pumpkin 

Laboratory cultures of the following insects were used for cross-infectivity 

studies. 

Insect sp. Source 

H armigera, S. litura Biocontrol laboratory, Department of Agricultural 

C. cephalonica Entomology, TNAU, Coimbatore 

C. medinalis, M patnalis Paddy Breeding Station, TNAU, Coimbatore 

B. mori Department of Sericulture, TNAU, Coimbatore. 

E. vittella Monsanto India Pvt. Ltd. Bangalore 

C. infuscatellus, Sugarcane Breeding Institut~, Coimbatore 

C. sacchariphagus indicus 

H puera, E. macheralis Forest Research Institute, Nilambur, Kerala 
---

A. albistriga Project Directorate of Biological Control, Bangalore 

Besides, the larval stages of insects like M separata, E. alomosa, E. mollifera and 

P. zizyphi collected from the fields were also used for the experiments. 

3.2. Mass production of GmNPV and semipurification 

GmNPV (Plate 1) maintained in the Department of Agricultural Entomology, 

. TNAU, Coimbatore was designated as Coimbatore (CBE) isolate. Another isolate 

obtained from G. mellonella larvae from Bangalore was designated as Bangalore (BNGL) 
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Plate 1. Polyhedral Occlusion Bodi_es (POB) of GmNPV (lOOX) 
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isolate. The original stocks of these isolates had a load of 2.54 x 108 POB/ml and 3.44 x 

107 POB/ml respectively. Both the isolates were mass-produced in vivo using 

G. mellonella third instar larvae under laboratory conditions (28 ± 2°C) by the following 

procedure. 

An aliquot of 100 III of viral suspension (2 x 107 POB/ml) of each isolate was 

blended with 1.0 g of semi-synthetic diet using a sterile glass rod and allowed to shade­

dry. The diet was pelleted (0.2 g) and placed inside a polypot (4 cm dia.) @ 5 pellets/pot. 

Pre-starved (4 h) third instar larvae of G. mellonella were released @ 5/polypot and 

allowed to feed on the contaminated pellets for 24 h. The larvae were transferred to 

plastic jars (10 cm dia, and 19 cm height) @ SO/jar containing the semi-synthetic diet to a 

thickness of 250 mm at the bottom. MortaJity of larvae was observed daily for 15 days 

post treatment. The cadavers collected were stored in sterile glass vials under frozen 

conditions. 

The cadavers were homogenized in a sterile glass pestle and mortar and the 

concentrate was diluted with distilled water at the ratio of 1: 1 0 (w/v). The homogenate 

was filtered through a prewashed, sterile double layered muslin cloth into a 250 ml 

Erlenmeyer flask. The residue settled on the cloth was washed repeatedly with distilled 

water and finally squeezed gently for maximum extraction of the polyhedra. The extract 

was semipurified by differential centrifugation using a Unipan high speed centrifuge type 

310. Host debris was rem6ved as pellet by centrifl,lging at 500 rpm for I min. Then the 

supernatant was spun @ 10,000 rpm for 5 min. The pelleted virus was washed thrice by 

repeated centrifugation with distilled water and suspended in sterile distilled water. The 

viral suspension was stored at -20°C. 

3.2.1. Enumeration .of POB/larva 

The diluted. viral suspensions obtained from cadavers of different insect species 

Were used for the enumeration. The cadavers were macerated in a sterile glass pestle and 

mortar and diluted 10 folds with sterile distilled water. An aliquot of 10 I.d of the 

Suspension was added on to the chamber of the improved Neubauer haemocytometer 
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(Weber, England) with a depth of 0.1 mm. Two minutes were allowed for settling of , 
POBs before counting under a phase contrast microscope. Ten samples were used per 

insect species and four counts were made to arrive at the average POB/larva. The 

suspensions were stored in refrigerator at 4°C till use. 

3.3. Cross-infectivity of GmNPV to different lepidopteran insect pests 

Leaf disc bioassay using GmNPV (CBE isolate) was carried out with respective 

natural host plants for insects like P. xylostella, C. medinalis, H undalis, S. exigua 

(cauliflower), P. ricini, E. merione, A. janata (castor), D. indica, A. peponis 

(bottle gourd), N. geometralis Uasmine), 0. arenosella (coconut), D. pulverulentalis, 

(mulberry), A. albistriga (castor) C. medinalis, M patnalis (rice), E. molli/era (moringa), 

. P. zizyphi (curry leaf) and E. macheralis. (teak). In case of moringa, jasmine and curry 

leaf, leaflets were treated with virus, while leaf bits were used for rice and coconut with 

the dimensions of 4 x 0.7 cm and 2.5 x 1.5 cm respectively. 

Leaf discs of respective natural host of insect species wtre cut to a size of 33 mm 

diameter. GmNPV su~pension (2x 107 POB/ml) containing 0.01 per cent Tween 80 was 

applied at the rate of 10 III at the centre of the leaf disc and spread uniformly over the 

entire surface of the disc using the rounded and polished end of a sterile glass rod. After 

the suspension had dri'ed off, the discs were turned and the lower surfaces treated 

Similarly. Control discs were treated with distilled water containing 0.01 % Tween 80 

only. The leaf disc was plac~d in cheese cup (8 cm dia. and 5 cm depth) lined with moist 
, /' ~'-

filter paper discs. The larvae released on the discs wer~ allowed to feed for 24 h. The 

farvae were then transferred to fresh untreated leaf bouquets contained in plastic jars. The 

le~f bouquets were changed periodically during the period of observation. The cheese 

cup~ and plastic jars with larvae were maintained at 25 ± 1°C in an incubator. Mortality of 

1a1'?ae was recorded from 4-10 days after treatment. 

, A diet surface contamination bioassay method was followed for insects like 

¥ v(trata, H armigera, S. litura, E. alomosa, M separata, H puera and A. ipsilon with 

rspective semi-synthetic diet (Appendix I). The semi-synthetic diet lacking 

33 



formaldehyde was dispensed to a thickness of 10 mm in 5 ml glass vials. GmNPV 

P
ension containing 5 x 107 POB/ml was applied @ 10 jlllvial on to the diet. The viral 

SUS 
suspension was distributed uniformly over the diet surface using the blunt end of polished 

glass rod (6 mm). Larvae were released singly into the glass vials after inoculation and 

plugged with cotton. and incubated at 2SoC in an incubator (Biotron). When the larvae 

consumed the diet completely; fresh untreated diet was provided till the period of 

observation. For neonates bioassay diet filled to a thickness of 5 mm in polypots were 

used with ten neonates per polypot. 

Direct per as treatment by the pin head method was done for C. infuscatellus, 

C. sacchariphagus indicus, C. partellus, B. mari, E. vitlella and C. cephalonica. The head 

of an ordinary pin (1 ") was dipped in GI}1NPV viral suspension (2 x 108 POB/ml) and - ,-

larvae were allowed to engulf the suspension collected on the pin head (ca. I jll). Care was 

taken to avoid the regurgitation by the larvae. The larvae were then released on to the 

respective semi~synthetic diets (c. infuscatellus and C. partellus), sugarcane shoot bits 

(c. sacchariphagus indicus), mulberry leaf bits (B. mori). bhendi fruit bits, (E. villella) 

and sorghum grains (c. cephalonica). 

In all the cases, third instar larvae were used. Other instars were tested for insects 

which were not susceptible to GmNPV in the third instar stage. In the preliminary tests, 

10~15 larvae were used per insect species. For the bioassays, with susceptible insect 

species three replications were maintained with 30 insects in each replication for 

determining the mortality of the larvae. Ten cad~vers of each insect were used for 

determining the yield of POB. In the case of BNOL isolate, susceptible insects like 

P. xylastella, C. binotalis, H undalis, C. partellus, M vitrata, P. ricini, C. infuscatellus 

and C. medinalis were bioassayed as mentioned above for comparison with eBE isolate. 

3.3.1. DNA characterization by restriction endonuclease analysis 

Restriction endonuclease analysis of the DNA of GmNPV was carried out to 

confirm the cross~infectivity of OmNPV in alternate hosts using Pst I and BamH I by 
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following the basic methods of Smith and Summers (1979). The reagents and buffers 

r(:quired for the DNA extraction are listed in Appendix II. 

3.3.1.1. Extraction and dissolution of virus 

An aliquot of 120 ~d of GmNPV suspension containing ca 1 x 109 POB was taken 

in Eppendorf tubes (1.5 ml) and 25 III of 0.5 M EDTA and 3 III of proteinase K 

(20 mg/ml) were added and incubated at 37°C for 1 h 30 min in a Techne Dri-Block 

DB-2A heater. To this 75 J.lI of 1 M sodium carbonate was added and incubated at 37°C 

for 15 minutes to release the virions from the POB. After adding 25 J.t.l of 10 per cent 

s~dium dodecyl sulphate, the samples were incubated at 37°C for 30 min and centrifuged 

at 10,000 rpm for 3 min to remove undissolved polyhedra. 

3.3.1.2. Phenol extraction of DNA and dialysis 

To each Eppendorf tube containing the dissolved polyhedra, an equal volume of 

tris-saturated phenol was added and tubes were agitated gently for 5 min and centrifuged 

at 10,000 rpm for 5 min. The supernatant containing DNA was transferred to fresh tubes 

and equal volume of 25: 24: 1 tris-saturated phenol: chloroform: isoamyl alcohol mixture 

was added and the extraction was repeated. Finally the DNA was extracted with an equal 

vohllne of 24: 1 chloroform: isoamyl alcohol mixture. The extracted DNA was dialysed 

in Ix tris acetate EDTA buffer at 4°C for 36 h changing the buffer thrice. 

3.3.1.3. Ethanol precipitation of DNA 

Ethanol precipitation was done for samples of DNA which were insufficient after 

dialysis. To the extracted DNA solution, 1/51h volume of 3M sodium acetate and 2.5 
\ 

volumes of cold absolute ethanol were added. The samples were placed in the freezer for 

one hour to ensure complete precipitation. The precipitate was pelleted by centrifuging at 

10,000 rpm for 5 rpin. After removing the ethanol, the pellet was washed gently with 

500 j.!l of 70 per cent ethanol and centrifuged again as described above. The ethanol was 

pipetted out and the samples were left for atleast one hour for evaporation of residual 

ethanol. The dry pellet of DNA was resllspended in 20 J.t.l Ix tris buffer solution and used 

- for digestion. 
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- 3.3.1.4. Digestion and Electrophoresis 

Samples of 20 J.!l of DNA were digested with 1.5 J.!l of Pst I and BamH I 

separately in appropriate buffer at 37°C for 4 h and the digestion was halted by adding 

stop mix. Electrophoresis was carried out using a BIORAD DNA subcell electrophoresis 

system using 0.6 per cent agarose gel at 35 V (22 rnA current) overnight. Lambda DNA 

cut with HindUI and a 1 kb molecular weight marker were used as standards. DNA bands 

stained with ethidium bromide were photographed on a UV ~transilluminator (UVP) using 

a poloroid Camera (Copal, DS34). 

3.3.1.5. Estimation of molecular size 

The molecular size of the fragments was calculated on log molecular weight of 

co· migrating lambda marker and I kb ladder fragments and their migration distances 

were measured using Adobe Photoshop 5.0 software package. Curves were fitted and 

equations were generated using SPSS software to deduce the molecular weight of 

fragments. 

GmNPV infection in the heterologous hosts were confirmed by comparing the 

molecular weights of the fragments of DNA of GmNPV passed through different hosts 

with that of the GmNPV original stock. 

3.3.2. Effect of serial passage of GmNPV (CBE isolate) through different 

susceptible hosts against P. xylostella larvae 

The susceptible insect species in this experiment included P. xylosfella, 

C. binotalis, H undalis, M vitrata, E. atomosa, C. injuscatel/us. C. sacchariphagus 

indicus, C. partellus, C. medinalis. P. ricini, E. merione and D. pulverulenfalis. For 

(':omparison, GmNPV passaged through G. mellonella larvae' was also included. GmNPV 

was serially passed through these susceptible hosts five times as per the methods 

described vide section 3.3. At the end of each passage through different susceptible hosts, 

the virus was extracted, semipurified, enumerated and bioassayed against early third 

instar larvae of P. xylostella. Six concentrations of GmNPV passaged through susceptible 

hosts viz, 5 x 107
, 1 X 107

, 2 X 106,4 X 105,8 X 104 and 1.6 x 104 POB/ml were used for 
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the leaf disc bioassay. Thirty three larvae were used per dose and the mortality was 

recorded at 24 h intervals. A control was maintained for each bioassay which contained 

0.01 per cent Tween 80 alone. 

3.4. Bioefficacy of GmNPV isolates against P. xylostella larvae 

Six different doses of GmNPV isolates of eBE and BNGL were evaluated against 

the early third instar larvae of P. xylostella. The treatments included were 2 x 109,2 X 108
, 

2 X 107,2 x 106
, 2x 105 and 2 x 104 POB/ml and a control receivi,ng only 0.01% Tween 80 

solution. Each treatment was replicated three times with 30 larvae per replication. A Leaf 

disc bioassay technique was followed as described in section 3.3. 

3.4.1. Age related response of P. xylostella larvae to GmNPV isolates 

Leaf disc bioassay procedure was followed with six different concentrations of 

GmNPV of eBE and BNOL isolates. The doses were prepared by making five fold 

dilutions with the starting dose of 5 x 107 POB/ml to give 1 x 107
, 2 X 106

, 4 X 105
, 

8 x 104
, and 1.6 x 104 POB/ml and tested against second, early third, late third and fourth 

instal' larvae of P. xylostella. The stages were determined by the width of the head 

capsule (Sairabanu, 2000). Thirty-three larvae were used for each dose and a control was 

maintained which received only 0.01 % Tween 80. The mortality of larvae was observed 

at 24 h interval for a period of eight days after treatment. The larvae inoculated in the 

final instar (fourth instar) were observed for mortality during pre-pupal and pupal stages 

also. 

3,,4.2. Effect of serial passage of GmNPV through P. xylostella larvae 

GmNPV (eBB isolate) @ 2 x 107 POB/mi was tested against early third instar 

larvae of P. xylostella by serially passaging the virus through the same host 15 times. At 

the end of each passage, the mortality percentage and yield of POB/larva was determined. 
, 

Thirty larvae per replication were used for each passage and replicated three times. The 

average yield of POB/larva was determined using ten cadavers at the end of each passage. 
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Leaf disc bioassay with six different concentrations viz., 5 x 107, 1 x 107, 2 x 106
, 

4 x 105, 8 x 104 and 1.6 x 104 POB/ml was carried out at the end of each passage to 

determine the LC50 and L T 50. Thirty three early third instar larvae were used for each 

dose. Mortality was observed for eight days after treatment at 12 h interval. For 

comparison, P. xylostella granulosis virus (PxGV) (CBE isolate) passed once through 

P. xylostella larvae was tested with the same concentrations mentioned above. 

3.4.3. Combined effect of GmNPV and PxGV on P. xylostella 

LC75, LCso and LC25 doses of GmNPV and PxGV determined in the previous 

experiments were used. In order to study the interaction effects, if any, different 

combinations viz., LCso of GmNPV (2.34xl06 POB/ml) + LC2S of PxGV (2.14 x 104 

OB/ml), LC25 of GmNPV (6.41x104 
_ pOB/ml)+ LCso of PxGV (2.28xIOs OB/ml), 

LC2S of GmNPV + LC25 ofPxGV, were used against P. xylostella and compared with the 

individual effects. Three replications were maintained with thirty insects per replication. 

The number of insects died during the period of 4-10 days post treatment was estimated 

for each treatment. A control was maintained separately. 

3.5. Mass production of GmNPV 

3.5.1. Standardiza~ion of mass production of GmNPV in G. mellon ella 

In order to standardize the mass production of GmNPV in G. mellonella larvae, 

different techniques were followed. 

a) Larval head dip: GmNPV viral suspension (2 x 108 POB/ml) was taken in the well of 

cut eppendorf caps. The head of larvae of G. mellonella was dipped in the viral 

suspension for 60 sec. The larvae were then released on the semi-synthetic diet @ 

3D/plastic jar. 

b) Pin head method: The head of an ordinary pin (1 ") was dipped in GmNPV viral 

suspension (2 x 108 POB/ml) and larvae of G. mellonella was allowed to engulf the 

suspension collected on the pin head (ca. 1 !J.I).Care was taken to avoid regurgitation of the 

larvae by handling the larvae using soft tip forceps. 
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· c) Diet surface contamination: Semi-synthetic diet of G. mellonella was pelleted 

· (0.2 g each) and placed inside the polypot @ 5 pellets/pot. To the surface of the pellet, 

· 10 j.ll of the viral suspension (2 x 107 POB/ml) was added and shade-dried. Larvae of 

. G. mellonella (1 larva/pellet) were allowed to feed on the diet for 24 h and then 

transferred to fresh diet. 

d) Whole diet contamination: Hundred III of viral suspension (2 x 107 POB/ml) was 

blended with 1 g of semi-synthetic diet and shade dried for few minutes. Larvae of G . 

. mellonella were fed with the contaminated diet @ 5 larvae/g of the diet for 24 h. After 

consumption of the contaminated diet, the larvae were fed with fresh diet. 

In all the above methods, third instar larvae numbering 30 were used along with 

control. Both the isolates, CBE and BNGL were tested against G. mel/ollella larvae. 

3.5.2. Mass production of GmNPV in three insect species 

Laboratory reared culture of P. ricini, C. partelllls and G. mellol1el/a were used 

for the mass production of GmNPV. In order to select a suitable host stage for 

maximizing the yield of POB, a leaf disc bioassay was conducted using castor leaves for 

P. ricini and diet contamination bioassays for C. parte/llis and G. mel/ollel/a. GmNPV 

was used at· a concentration of 5 x 107 POB/m!. Second, early and late stages of third, 

fourth and fifth instars of P. ricini were tested. The stages were determined by the width 

of the head capsule (Appendix III). Thirty larvae were used per stage with three 

'replications in each. The per cent mortality due to virosis was determined during the 

period of observation of 4-12 days after treatment. Average yield of POB/larva was 

. estimated with ten cadavers in each stage. Also concentration and time - mortality 

responses of above mentioned stages were determined with concentrations of 5 x 107
, 

1 X 10
7

, 2 X 106,4 X 105, 8 X 104 and 1.6 x 104 POB/ml of GmNPV suspension. Thirty 

three larvae were used per dose to calculate the LCso and LT50. 
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:3.6. Transovarial transmission of GmNPV 

Transovarial transmission of GmNPV was studied in P. ricini and C. bino/alis. 

The larvae of these insect species which had escaped GmNPV infection (CBE isolate) in 

the previous experiments were allowed to pupate and maintained separately. The moths 

were sexed based on the difference in the banding patterns of wings of C. bino/aUs and 

abdominal segment markings of P. ricini and genitalia of both the sexes. The adult moths 

were caged in oviposition chamber @ 5 pairs/cage and respective natural hosts 

(cauliflower and castor) were provided for oviposition. The eggs/egg masses were surface 

~ sterilizeq with 10% formaldehyde and the larvae upon hatching were reared on the 

respective natural hosts. A similar set-up was maintained with normal healthy adults as 

control. The mortality of the larvae was observed during rearing. The virosis of the 

cadavers was confirmed by taking a s~~ar from the infected cadaver and observing for 

presence of POB. The yield of POB/larva was also determined as per the methods 

described vide section 3.2.1. Leaf disc bioassays were conducted with different 

concentrations of 5 xl07
, 1 X 107

, 2 X 106
, 4 X 105

, 8 X 104 and 1.6 x 104 POB/ml of 

transovarially transmitted GmNPV and compared with that of the non-transmitted virus. 

3.7. Histopathology studies 

Yield of POB/larva of GmNPV showed variation among the susceptible insect 

species tested. In order to determine the course of infection of GmNPV in different 

susceptible hosts, histopathology studies were conducted to find out if there were any 

variations in the rate of infection of tissue in different insects. Three insect species viz., 

P. xylostella, M vitrata and C. par/ellus were selected based on the variation in the 

mortality rates and yield ofPOB/larvae for this study. 

Thirty numbers of third instar larvae of each insect species were inoculated with 

GmNPV (CBE isolate, 2 x 108 POB/ml) as per the methods described earlier. Three 

larvae were sampled at 12 h interval from 72 h post inoculation onwards and fixed in 

alcoholic Bouin's fixative for 24 h. Then the specimens were washed in 70 per cent 

alcohol for several days till the traces .of picric acid were removed. This was indicated by 

the disappearance of yellow colour from the specimens. The specimens were dehydrated 

40 



in tertiary butyl-alcohol - ethanol series, infiltrated and embedded in paraffin wax of 

meJ,ting point, S8-60oC. The cross-section of the specimens cut by a rotary microtome 

(Spencer AOB 180) was stained by the modified Azan staining method (Hamm, 1966). 

The series of steps for staining followed are as follows: 

Xylene - 3 changes - 3 min. 

Xylene - Alcohol series - each 3 min. 

Alcohol - 100, 60, 30% - each 2 min. 

Glacial Acetic acid, 50% - 5 min 

Distilled water rinse, 2 changes - 1 min. each 

Azocarmine - 45 min 

Distilled water rinse, 2 changes - 1 sec. each 

Alcohol 50, 70%- each 2 sec .. 

Aniline 0.5% in 95% alcohol - I sec. 

Distilled water rinse - 2 changes - 1 sec. 

Counter stain (orange 0, Aniline Blue, Fastgreen FCF and Phospho tungstic 

Acid) - 15 min 

Alcohol, 10, 30, 50, 75% - 1 sec. each 

Absolute alcohol - 30 sec 

Xylene, 3 changes - 10 min 

The specimens were mounted in DPX mounting medium on clean microscopic 

slides and air dried, Microscopic observations on the total number of adipose tissue (fat 

body) present, the number jof cell nuclei of adipose and hypodermis showing infection 

were recorded. The number of cell~ showing infections in the tissues of three insects was 

compared. 

3.8. Morphometries of GmNPV passaged through different hosts 

GmNPV upon passage through different susceptible hosts showed variations in 

Ithe size and shape of the polyhedra. Hence morphometric studies were undertaken using a 

filar micrometer for measuring the diameter of the POB. GmNPV viral suspensions (CBE 
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isolate) obtained from different hosts were diluted 100 folds. The polyhedra were 

observed under 100 x magnification in a phase contrast microscope. The size of fifty 

polyhedra selected at random was determined. For comparison, GmNPV passed through 

different susceptible larvae were used. Also, morphometries of GmNPV produced in vitro 

were determined. 

3.9. In vitro studies with GmNPV 

3.9.1. Cell lines and subculturing 

The insect cell lines available at the Department of Agricultural Entomology, 

Coimbatore viz., SIH (s. lituTa larval haemocytes), SIPG (S. !ifl/ra pupal gonads). HaH 

(H armigera larval haemocytes) and Sf21 clonal line (S jrugiperda) were used for the 

study. TNM-FH medium and Grace's, J1}edium were used for culturing of cells. The 

subculturing was done at the confluence stage of the cell culture. From the established 

culture flasks, one ml. of spent medium was retained and the remaining was removed. 

Then four ml of fresh medium was added and the attached cells were scraped to dislodge 

the attached cells with a silicone rubber policeman. Then five ml. more of fresh medium 

was added thoroughly mixed and split into two culture flasks. The flasks were incubated 

in cooled incubators. (Ms/Labline) at 27.5°C. All the operations were carried under sterile 

condition in laminar hood. 

3.9.2. Susceptibility of different cell lines to GmNPV (eBE isolate) 

3.9.2.1. Preparation of inoculum 

Fourth instal' larvae of C. parfellus, if. undalis. and early fifth instar larvae of 

P. ricini were inoculated with a dose of 2 x 108 POB/ml of GmNPV suspension as per the 

method described earlier. After three days of inoculation, the larvae were washed in 

70 per cent ethanol and twice with sterile distilled water. The haemolymph was drawn by 

cutting the prolegs and collected in TNM-FH medium containing 0.5 per cent cysteine to . 

prevent melanization. Forty, thirty' and twenty numbers of larvae of H. undalis, 

C. partellus and P. ricini respectively were used to collect the haemolymph in 5 ml of the 

medium. The medium with the haemolymph was passed through ,a 0.45 !lm millipore 
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membrane filter to remove the impurities if any. Filtrate containing virions were used to 

challenge the cell lines. 

3.9.2.2. Challenging cell lines 

At log phase of the different cell lines, i.e., 2-3 days after subculturing, the spent 

medium was removed and 5 ml of medium containing the inoculum was added and an 

adsorption time of two hours was allowed with periodical rocking of flasks at an interval 

of 15 minutes. The medium was then removed and the cells washed twice gently with 

sterile Hank's balanced salt solution (HBSS). After removing the HBSS completely, five 

1111 of fresh TNM-FI-I medium was ad4ed. The culture flasks were incubated at 27.SoC and 

observed for virus infection under an inverted phase contrast microscope. 

3.9.2.3. Harvesting of in-vitro cultured virus 

The virus infected cells were harvested 10 days post inoculation. The cells were 

sonicated in ice bath using a Branson sonifier 450 to disrupt the cells and release the 

.polyhedra. The cell debri were removed by centrifugation at 3000 rpm for one minute. 

The supernatant was again centrifuged at 10,000 rpm for five minutes to pellet the virus. 

The polyhedra were suspended in distilled water and the concentration assessed with the 

, help of a haemocytometer under phase contrast microscope. 

3.9.2.4. Biological activity of in-vitro cultured virus 

The per cent cells infected and yield of POB/ml were determined. Five culture 
,'./' ~-

flasks were used for each cell line and insect species. The in vitro produced GmNPV were 

bioassayed against early third instal' larvae of P. xylostella by leaf disc bioassay. The 

concentrations of virus and number of insects used were same as mentioned earlier. The 

activity of the in vitro produced GmNPV passaged through C. partelltls, M vilrata, 

H undalis and P. ricini was compared with in vivo produced GmNPV. Also, eBE and 

BNGL isolates of GmNPV passaged through C. parte litis larvae were compared for their 

efficacies in infecting the cell lines. 
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3.10. Estimation of chitinase activity in GmNPV infected larvae 

.3.10.1. Enzyme extraction 

Fifty larvae of C. partellus (fourth instar) and P. ricini (early fifth instar) were 

treated with GmNPV (CBE isolate) viral suspension @ 2 x 108 POB/ml as per the 

methods described earlier. One g of larvae / cadavers was extracted in 2 ml of 0.1 M 

sodium citrate buffer (pH 5.0) on an ice bath at 24, 48, 72, 96, 120, 144 h post­

inoculation. The homogenate was centrifuged for 20 min. at 10,000 rpm. T~e supernatant 

was used as crude enzyme source for assaying chitinase activity. For comparison, thirty 

larvae of H armigera and S. litura (early fifth instar) were treated with 1 x 106 POB/ml 

of HaNPV and SINPV respectively and the enzyme extract was prepared as described 
I I 

above at different time intervals. 

3.10.2. Assay of chitinase 

The colorimetric assay of chitinase was carried out as per Boller and Mauch 

(1988). Reagents used were colloidal chitin, snail gut enzyme, dimethyl amino 

benzaldehyde (DMAB) and buffer (Annexure IV). 

The reaction mixture consisted of 10 ml of 0.1 M sodium acetate buffer (PH 4.0), 

0.4 ml enzyme solution and 0.1 ml colloidal chitin (10 mg). After incubation for 2 h at 

37°C, the reaction was stopped by centrifugation at 1 0,000 ~pm for 3 min. An aliquot of 

0.3 ml of the supernatant was pipetted into a glass reagent tube containing 30 ml of 1 M 

potassium phosphate buffer (pH 7.0) and incubated with 20 ml of 3% (w/v) snail gut 

enzyme for 1 h. After 1 h, the reaction mixture was brought to pH 8.9 by the addition of 

70 ml of 0.1 M sodium borate buffer (pH 9.8). The mixture was incubated in a boiling 

water bath for 3 min. and rapidly cooled on an ice water bath. After addition of 2 ml of 

DMAB, the mixture was incubated for 20 min. at 37°C. Immediately the absorbance was 

measured at 585 nm. N-acetylglucosamine (GlcNAc) was used as a standard. The enzyme 

activity was expressed as f-I,g/g/h of GlcNAc released. 
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3.11. Studies on effect of weather factors on persistence of GmNPV 

3.11.1. Effect of sunlight 

The persistence of GmNPV (CBE isolate) was assessed by exposing the virus to 

sunlight for different periods of time. ~ircles of dia 33 mm were marked on the leaves of 

potted cauliflower plant. An aliquot of 10 )..tl of GmNPV suspension (2 x 108 POB/ml) 

containing 0.01 per cent Tween 80 was applied on the centre of the marked circles and 

spread uniformly using the polished blunt end of a sterile glass rod (Plate 2). Leaves were 

sampled from 1 to 6 days after exposure to sunlight. The leaf discs were cut from the 

already marked and treated circles and assayed against early third instal' larvae of 

P. xylostella. Thirty larvae were maintained per replication with five replications per day. 

Larvae fed on leaf discs without virus treatment were maintained as control (0 h). The 

mortality was recorded 4-10 days post inoculation. The percentage original activity 

remaining (% OAR) on the foliage was determined as follows: 

Per cent larval mortality after exposure 
Per cent OAR = ____ .1 _________________________________________________ -- x 100 

Per cent larval mortality before exposure 

The GmNPV obtained from virosed cadavers as a result of feeding larvae with the 

virus-treated leaves after five days of exposure were again used for the persistence 

experiment following the same procedure. The exposure was repeated over five cycles to 

see if by repeated exposure, a strain of virus tolerant to UV light can be selected. 

3.11.2. Influence of' te~perature and relative humidity 

Cauliflower seedlings raised in pots were used for this study at 50 - 60 days after 

transplanting. The methodology for persistence study as described in section 3.11.1 was 

followed at monthly intervals for a period of eight months (September 2001 - April 

2002). As GmNPV was found to persist for five days after inoculation on cauliflower 

. phyllosphere, the meteorological data on the maximum temperature, minimum 

temperature, and relative humidity were recorded at monthly intervals during the period 

of exposure (5 days) using maximum, minimum, wet bulb and dry bulb thermometers. 

The thermometers were installed in the pot culture yard one hour prior to the period of 
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Plate 2. Method of exposure of GmNPV to sunlight 

Plate 3. Installation of thermometers for microclimatic observations 



observations, i.e., 7.30 am and 2.30 pm daily for 5 days to calibrate the thermometers to 

pot culture microclimatic conditions (Plate 3). Data on maximum and minimum 

temperatures and relative humidity were recorded periodically. The persistence of the 

virus was assayed by leaf disc bioassay using early third instar larvae of P. xylostella as 

mentioned in section 3.11.1. Correlation between the temperature, relative humidity and 

persistence of virus was worked out at the end of each exposure period and compared. 

3.12. Pot culture experiment on the efficacy of GmNPV ag&inst lepidopterous pests 

of cauliflower 

Cauliflower seedlings (var. Double Cross) were raised in pots. At primordial leaf 

initiation stage (60 - 70 days after sowing) the potted plants were used for the assay. 

GmNPV suspension (CBE isolate) cont~ining 0.01 per cent Tween 80 were diluted to 

make concentrations of 1.00 x 108
, 5.00 X 107

, 2.50 xl07
, 1.25 x 107

, 6.25 X 106 and 

3.13 x 106 POB/ml. Early third instar larvae of P. xyloste/la were released @ 

30 larvae/plant. The above concentrations were sprayed at evening hours using a hand 

sprayer @ 10 ml/plant. As GmNPV persisted only for five days, a second spray was given 

five days later. Four, replications were maintained per concentration. The number of 

larvae present in the treated plants was observed at two days interval upto 14 days post 

treatment. Similar procedure was followed for the larvae of C. bino/alls and H undalis. 

3.13. Field evaluation of GmNPV 

An exploratory fjeld trial was conducted on cauliflower (var. Paswan) to evaluate 

the efficacy of GmNPV (CBE isolate) against P. xylostella. Since the LCso of GmNPV 

was high for P. xylostella larvae, higher doses were used. The treatments included 

GmNPV 7.50 x 1013 POB/ha 
2. GmNPV 3.75 x 1013 POB/ha 
3. GmNPV 1.88 x 1013 POB/ha 
4. PxGV! 1.50 x 1013 OBlha 
5. B. thuringiensis var kurstaki 0.5 kglha 

(Btk-Delfin ®) 
6. Indoxacarb . 29 g a.i.lha 
7. Control 
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The experiment was laid out, in a farmer's field at Kuppanur, Coimbatore district 

during January - April 2002 in a randomized block design with a plot size of 5 x 4 m with 

three replications per treatment. 

Four rounds of sprays were given using a spray fluid volume of 450 lit/ha at eight 

day intervals commencing from 60 days after transplanting with a back-pack hydraulic 

sprayer (Aspee®, Bombay). Tween 80 @ 0.01 % was used as a surfactant for all the 

treatments except chemical insecticide. Observations on the number of larvae were 

recorded on the fourth, sixth and eighth day after each spray on fifteen plants selected at 

random from each plot. The leaf webber, C. bino/a/is was found to occur along with 

P. xylostella. Hence, observations on the number of larvae of C. bino/atis were also 

recorded as mentioned above. At the time of harvest, data on mean diameter of flower 

. head, mean weight of flower head and yield were recorded. 

3.14. Safety tests with GmNPV on non-target organisms 

The effect of GmNPV was tested on the following beneficial organisms. 

1. Silkworm 

2. Honey bees 

3. Egg parasitoid 

4. Predator 

3.14.1. B. mori 

/' 
Bombyx mori (L.) 

Apis spp. and Trigona iridipennis (Prov.) 

Trichogram ma chilonis Ishii 

Chrysoperla carnea (Stephens) 

Five different races of silkworm, B. mori viz., TN white, AE40032, MysI, Pure 

Mysore, Thai and CSRI 4 x 2 were used for the study. GmNPV suspension (CBE isolate, 

2 x 109 POB/ml) was fed orally to silkworm larvae by pinhead method as described 

earlier. Ten third instar larvae were used per replication with three replications per 

race/cross. In each race/cross, a control was maintained with larvae not fed with the virus. 

The larvae after inoculation were reared on chopped mulberry leaves. The leaves were 

chan,ged four times a day and the larvae were fed mulberry leaves of appropriate age 

depending upon the larval stage. The larvae in final instar stage were released on bamboo 
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trays for cocoon formation. Observations on the weight of the larvae, mortality of larvae, 

fresh weight of cocoon, pupal period, per cent pupation and adult emergence were 

recorded. 

3.14.2. Apis spp. 

Different species of Apis viz., A. cerana indica (Fab.), A. melli/era (L.), A. florae 

(Fab.) and T. iridipennis were used for the study. Newly emerged worker bees were caged 

(30 x 30 x 30 cm) at the rate of 30 bees/cage without the queen. The bees were fed with 

2 ml. of 2 x 109 POB/ml of GmNPV suspension (CBE & BNGL isolates) mixed in 

SO per cent sucrose solution for the first three days and with 50 per cent sucrose alone on 

the subsequent days. In control, the bees were fed with sucrose solution alone. The 

mortality of bees was observed daily until all the bees died. 

3.14.3. T. chilonis 

Freshly laid eggs of C. cepha/onica were glued over strips of cards (2.5 x 7.5 cm). 

Egg card bits containing 100 eggs each were used for the study. They were exposed to 

UV light for 20 min .. to kill the developing embryos. GmNPV suspensions (CBE and 

BNGL isolates) were applied on these egg cards with the help of an atomizer using a 

spray fluid volume of 1 ml (2 x 109 POB/m!). The cards were shade~dried for 10 min. and 

placed in glass tubes and exposed to T. chilonis at the rate of 25 parasitized eggs/tube. 

The parasitoids upon emergence wei'e allowed to parasitize the treated egg cards for 

48 h and kept separately for adult emergence. Data on parasitism, emergence, duration of 

total life cycle and adult longevity were recorded; A control was maintained with 

untreated eggs simultaneously. 

3.14.4. C. camea 

Corcyra egg cards prepared as mentioned above were sprayed with 1 m!. of 

GmNPV suspensions (CBE and BNGL isolates) @ 2 x 109 POB/m!. The treated egg card 

bits containing 40 - 50 eggs were transferred to sterile polypot. One destalked egg of 

C. carnea was transferred to each polypot and reared. Ten eggs were used per replication 

with five replications per isolate. The grubs after consuming the treated eggs were fed 
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with untreated eggs until pupation. After pupation, the pupae were transferred to sterile 

plastic jars and a mixture of honey, protein hydrolysate, fructose, yeast and water was 

provided for emerging adults. The eggs laid on a plastic sheet kept at the bottom of the 

jars were collected. Observations on hatching, larval duration, larval mortality, pupal 

period and adult longevity were determined: 

3.15. Statistical Analysis 

The data obtained in percentages from different experiments were transformed to 

corresponding angles (Arc sine percentage) and numbers to log values. The larval counts 

in the field experiments were transformed to -Yx + 0.5 values as per the method developed 

by Poisson for statistical analysis (Snedecor and Cochran, 1967). Larval mortality in 

control was corrected using Abbott's formula (Abbott, 1925). The concentration and time­

mortality responses of various experiments were subjected to probit analysis using a 

Statistical Package for Social Sciences (SPSS), ver. 6.0, SPSS Inc., USA. The analysis of 

variance in different experiments were carried out in IRRISTAT ver 3.1., Biometric Unit, 

IRRI, Philippines and the means were separated by Duncan's new Multiple Range Test 

(DMRT) available in the package. 
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4.1. CrosS - infectivity of GmNPV 

Chapter IV 

RESULTS 

Results on the cross-infectivity studies with GmNPV (CBE isolate) to several 

economically important lepidopteran insect pests are furnished in Table 1. Among the 31 

insect species screened by different bioassay techniques, 16 were found to be susceptible 

to GmNPV. The susceptible insects included P. xy/ostella (Plate 4), C. binotalis (Plate 5), 

H. undalis (Plate 6), S. exigua, C. partellus (Plate 7), C. infuscatellus (Plate 8), 

C. sacchariphagus indicus (Plate 9), P. ricini (Plate 10), E. merlone (Plate 11), M vitrata 

(Plate 12), E. atomosa, C. medinalis (Plate 13), M patnalis, 0. arenosella (Plate 14), 

A. albistriga (Plate 15) and D. pulverulentalis (Plate 16). These insects were susceptible 

in the dose range of 2 x 107 
- 2 X 108 POB/m}. Mostly second and third instar larvae of 

insect species were used in the study. 

The period for initiation of mortality varied among the susceptible insects. In the 

case of P. xylostella, E. atomosa and D. pulverulentalis, the mortality occurred 4 days 

post inoculation while it took 5 days to initiate mortality in C. binotaUs. H. undaUs. 

M vitrata and S. exigua. Chilo spp. (6-10 days), C. medinalis (6-12 days) and E. merione 

(6-10 days) took longer time to die due to GmNPV. 

It was interesting. to note that the host~ange of GmNPV spanned several families 

of the order Lepidoptera. It included Plutellidae, Pyralidae, Arctiidae, Cryptophasidae, 

Pterophoridae, Nymphalidae and Noctuidae. Also, all the species of the same family were 

not susceptible. For example, GmNPV was infectious to S. exigua belonging to Noctuidae 

but not to other noctuids like H. armigera, S. litura and M separala. Among the 

susceptible insects, pyralidae accounted for 62.50 per cent, Arctiidae for 12.50 per cent 

and other families accounted for only 6.67 per cent. 

GmNPV was non-infectious to H armigera, S. lilura. E. vittella, A. peponis. 

M separata, B. l1?ori, A. janata, E. molli/era, N geometr3fJ.~.;.J;~. indifa~ P. zizyphi, 
~'~"'-\'l\(-\II '"):/ 
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GmNPV infection in alternate hosts 

Plate 4. Plutella xylostella 

Plate 5. Crocidolomia binotalis 

Plate 6. Hellula undalis 

-. 

Plate 7. Chilo partellus 



GmNPV infection in alternate hosts 

Piate 8. Chilo infuscatelllls Plate 9. Chilo sacchariplUlgus indicus 

Plate 10. Pericallia ricini 

Plate 11. Ergolis merione 



GmNPV infection in alternate hosts 

Plate 12. Maruca vitrata 

Plate 13. Cnaphalocrocis medinalis _!Iate 14. Opisina arenosella 



H. puera, E. macheralis, C. cephalanica and A. ipsilan. For non-susceptible insect species 

like H. armigera and S. litura, instars other than third including neonates tested against 

GmNPV and were not found to be susceptible. 

4.1.1. DNA characterization of GmNPV 

The restriction profiles of GmNPV DNA samples from inoculum and progeny 

viruses are shown in Plates 17-19. Pst I enzyme profile revealed that the progeny viral 

DNA from P. xylastella (Lane 3) and M vitrala (Lane 4) contained the same fragment 

profiles as detected in the inoculum GmNPV viral DNA (Lane 2; Plate 17). The 

molecular weights of the fragments were determined with the help of co-migrating 

fragments of 1 Kb ladder and 'A- DNA (Appendix V -A). Out of the total ten fragments of 

the viral DNA, the maximum molecular size fragment of 25.13 Kbp and minimum 

molecular size fragment of2.46 Kbp were identified. However, in the progeny viral DNA 

profile from P. xylastella, the fourth fragment with molecular size of 17.08 Kbp was 

distinct from the other viral DNA fourth fragment (12.86 Kbp). The molecular size of 

inoculum GmNPV DNA was 116.82 Kbp and it was the same for progeny viral DNA 

from M vitrata while the molecular size of progeny viral DNA from P. xylas/ella was 

121.04 Kbp. In the other lanes. progeny viral DNA from C. bino/alis, 

P. rieint, H undalis, C. inJuseatelius and C. partellus did not produce any profiles 

because of insufficient quantity of DNA. Hence they were, subjected to ethanol 

precipitation of DNA. 

The GmNPV DNA profiles and progeny viral DNA profiles from C. binotalis, 

P. rieini, H undalis, C. infuseatellus and C. partellus were identical. (Plate 18). The 

restriction endonuclease activity with Pst I generated a total of ten fragments. The 

molecular size of the fragments was 115.96 Kbp (Appendix V·B). However the viral 

DNA from G. mellonella had a total molecular weight of 111.62 Kbp because of slight 

variation in the migration when compared with the co-migrating bands. DNA profiles 

generated from inoculated viral DNA and progeny viral DNA from D. pulverulentalis cut 

With' BamH I enzyme were similar (Plate 19). There were seven fragments with maximum 

m~lecular size of 20.96 Kb,p and minimum molecular size of 2.60 Kbp. The molecular 

S (, 
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Restriction endonuclease analysis of DNA of GmNPV 

1 23456789 

Plate 17. With Pst 1 

1. 1 kb Marker 
2. GmNPV inoculum 
3. Progeny virus from P. xylostella 
4. Progeny virus from M. vitrata 
5. Progeny virus from C. binotalis 
6. Progeny virus from P. ricini 
7. Progeny virus from H. undalis 
8. Progeny virus from C. infuscatellus 
9. Progeny virus from C. partellus 
10. Lambda DNA 

1 2 3 4 

... 10.00 

12345678 

Plate 18. With Pst 1 

1. Lambda DNA 
2. Progeny virus from C. binotalis 
3. Progeny virus from P. ricini 
4. Progeny virus from H. undalis 

"' 12.22 

"'4.07 
"'3.05 

5. Progeny virus from C. infuscatellus 
6. Progeny virus from C. partellus 
7. GmNPV inoculum 
8. 1 kb Marker 

Plate 19. With BamHl 

1. Lambda DNA 
2. GmNPV inoculum 
3. Progeny virus from D. pulverulentalis 
4. 1 kb Marker 



, size of DNA fragments was 62.20 Kbp (Appendix V - C). DNA characterization with 

Pst I and' BamH I restriction enzymes thus confirmed the cross~infectivity of GmNPV in ' 

P. xylostella, M vitrata, C. hinatalis, P. ricini, H. undalis, C. !nfilscatellus, C. par(ellus 

and D. pulverulentalis. 

, 4.1.2. Susceptibility and yield of GmNPV in alternate hosts 

Data on the susceptibility and yield of GmNPV revealed' variation among the 

, alternate hosts (Table 2). C. infuscatellus was the most susceptible with a mortality of 

94.4 per cent followed by M. vitrata (87.8 per cent), P. ricini (80.0 per cent) and 

,D. pulverulentalis (80.0 per cent). P. xylastella, H. undalis and C. sacchariphagus indicus 

were on par with the mortality of 78.9 per cent, 71.1 per cent and 68.9 per cent 

"respectively. C. hinatalis (66.7 per cent); C. partellus (64.5 per cent), E merione 

(66.7 per cent), E alamosa and M. palnalis each with 51.1 per cent folJowed next. 

C. medina/is, 0. arenosella and S. exigua were the least susceptible with a mortality 

range 0[20.0 ~ 35.3 per cent. 

The yield of GmNPV was highest in P. ricini larvae (21.86 x 107 POB/larva) 

followed by C. injilscalellils (14.90 x 107 POB/larvae), C. partelllls (8.90 x 107 

POB/larva) and D. plliverulenta/is (8.24 x 107 POB/larva). C. sacchariphaglls indiclls and 

E. merione with a yield of 4.83 x 107 and 3.34 x 107 POB/larva respectively followed 

'next. The yield of POBs was on par for M vitrata 3.89 x 107 POB/larva and H. Imdalis 

(3.43 x ] 07 POB/larva) followed by C. hinota/is (2.59 x 107 x POS/larva) and S. exiglla 

_ (2.42 x 107 POB/larva). The yield of POB/larva in P. xylostella, E. alomosa, C. medina/is 
, 

and M palna/is did not differ significantly. The lowest yield, was obtained from O. 

arenosella (0.74 x 107 POB/larva). On comparing both the attributes, P. ricini was highly 

susceptible with' highest yield/larva followed by C. injuscate/Jus, D. pulverulentalis and 

, C.partellus. A. alhistriga with the lowest mortality of 15.00 per cent and highest yield of 86.04 

xl0
7 

POI3/1aiva was not included in the comparison as late fifth instar larvae were used. 

··4.1.3: Comparison of efficacies of GmNPV isolates in alternat~ hosts 

The efficacies of GmNPV isolates were compared in terms of per cent mortality 

andyield ofPOB/larva (Table 3). In general, CBE isolate was more effective than BNGL 
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Table 2. Susceptibility of different insect pests to GmNPV (CBE isolate) 

Insects tested Per cent mortality 
Yield 

S.No (d07 POB /larva) - Crucifer lepidopteran complex 
1. PllItella xylostella 78.89 cd 1.82 fg 
2. Crocidalomia hinatalis 66.67 e 2.59 ef 
3. Rel/ula undalis 7l.11 cde 3.43 de 
4. Spodoplera exi)[lIa 20.00 h 2.42 f 

Pulse pod borer complex 
5. Maruca vi/rata 87.78 b 3.89 de 
6 Exelaslis atamosa 5l.11f 1.04 fg 

Sugarcane borer complex 
7. Chilo iJ?flfscatelllfs 94.44 a 14.90 b 
8. Chilo sacchariphaKlis indiclls 68.89 de 4.83 d 

Millet stem borer 
. 9. C. partellus 64.45 e 8.90 c 

Rice leaf folder complex 
10. ·Cnaphalacracis medinalis 35.33 g 1.49 fg 
11 .. Marasmia patnalis 51.11 f 1.10 fg 

Coconut blackheaded caterpillar 
12. Opisina arenasella 33.33 g 0.74 g 

Hairy caterpillar 
n. Pericallia ricini 80.00 be 21.86 a 

Castor butterfly 
14. Erf(olis meriol1e 66.67 e 3.34 e 

Mulberry leaf webber 
15. Diaphania pulverlilelltalis 80.00 be 8.24 d 

Red hairy .caterpillar 
16 Amsacta albistrifla * 15.00 86.04 

* Late fifth instar larvae used and hence not included in the statistical analysis 
I!i a column, means followed by the same letter do not differ significantly by Dl'v1RT 
(P=0.05) . . 



Table 3. Comparative virulence of GmNPV isolates to selected bost species at a 
dose of 467.91 POB/mm2 

.r-'" 
Yield (xlO' POBllarva) 

Insect species 
Per cent mortality 

CBE BNGL CBE BNGL 

P. xylostel/a 81.1c 74.5 c 1.81e 1.28 e 

C. binotafis 65.6 d 81.1c . 2.54 e 2.06 e 

H..·un(ialis 76.7 c 66.7 d 3.39 d 1.71e 
" , -

. C. partellus 87.8 b 76.7 c 8.84 c 2.59 e 

.' 

M. vitrata 81.1 c 64.4 d 3.80d 2.31 e .' 
" 

P. ricini 80.0 c 68.9 d 21.58 a 16.19 b 

C. in/uscatellus 95.6 a 82.2 be 14.75 b 10.80c 

C. medinalis . 35.6 e. 30.0 e 1.40e 1.10 e 
-

.. In a column, means followed by same letter do not differ significantly by DMRT (P=0.05) 

{, ;(';) 

60 



with higher mortality rates for all the insects tested. CBE isolate was highly infectious to 

C. injuscatellus (95.6 per cent) followed by C. pC/rIel/us (87.9 per cent), P. xy/oslella 

(81.1 per cent) and M vi/rata (81.1 per cent). While BNOL isolate was highly effective 

against C. inJuscale/lus (82.2 per cent) followed by C. bino/alis (81.1 per cent), 

• C. partellus (76.7 per cent) and P. xylostella (74.5 per cent). P. ricini and H. undalis were 

moderately susceptible to both the isolates with per cent mortality of 80.0, 68.9 and 76.7 

and 66.7 respectively. Both the isolates were least effective against C. medinalis (35.6 per 

cent and 30.0 per cent mortality). 

The yield of CBE isolate was higher than that of BNOL isolate in all the insects 

tested. The yield of POB/larva was 1.33, 1.36, 3.41, 1.98 and 1.65 fold higher for CBE 

isolate than BNOL isolate in P. ricini. C. infuscatellus. C. parlel/us, H. undalis and 

M vitrata respectively. The yield from other insects like P. xyloslella, C. binotalis and 

C. medinalis were on par for both the isolates. 

4.1.4. Concentration - mortality responses of P. xylos/ella larva to GmNPV 

passaged through alternate hosts 

4.1.4.1. First passage (Appendix VI-A) 

The concentration mortality response of P. xylostella larvae to GmNPV passaged 

once through susceptible alternate hosts showed variation as revealed by LCso values. The 

lowest LCso of 15.16 POB/mm2 was recorded after passage through the original host, 

G. mellonella, while the highest LCso of 339.70 POB/mm2 was observed upon passage 

through C. medinalis. LCso was on par for passages through P. xyloslella and P. ricini. 

Passage through C. infuscatellus recorded a LCso of 24.91 POB/mm2 followed by that of 

H. undalis. LCso for passages through E. inerione and D. pulverulentalis were 8.39 and 

6.96 fold higher than that passaged through original host. OmNPV passaged through 

C. binotalis, C. partellus and E. alomosa recorded higher LCso of 314.56, 215.26 and 

272.64 POB/mm2 respectively. 

4.1.4.2. Second passage (Appendix VI-B) 

Lowest LCso of 12.15 POB/mm2 was observed when GmNPV was passaged 

through C. infuscatellus followed by that passaged through original host (21.83 
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POBlmm2) and H. undalis (23.06 POB/mm2). Highest LCso or" 612.52 POB/mm?, was 

recorded with passage through C. medina/is followed by passage through E. alomosa 

(21.7.52 POB/mm2). LCso of GmNPV passaged through P. xylostella, M vitrata, 

, c. sacchariphagus indicus and D. pulverulentalis were in the range of 42.96 - 88.17 

PoB/mm2. GmNPV passaged through C. hinolalis, E. merione, C. parlel/lis and 

P. ricini recorded 7.10, 5.82, 5.37 and 4.83 fold higher LCso when compared to passages 

through the original host. 

4.1.4.3. Third passage (Appendix VI-C) 

GmNPV passaged through the original host recorded the lowest LCso of 8.73 

POB/mm2 against P. xy/ostella followed by the passages through P. xylostella (33.59 

POB/mm2) and C. infuscatelllls (34.08 POB/mm2). LCso of GmNPV passaged through 

H. unda/is, M vitrata and C. sacchariphaglls indicus were on par with overlapping 

fiducial limits. Likewise, passage through P. ricini, C. partelllls and D. pu/veru/enta/is 

, recorded LCso of 70.72 - 97.18 POB/mm2 and were on par. LCso of GmNPV passaged 

through C. hi17ota/is, E. atomosa and E. merione was 23.86, 22.29 and 14.56 fold higher 

than that of the passages through original host. Passage through C. medina/is recorded the 

. highest LCso of362.63 POB/mm2. 

,4.1.4.4. Fourth passage (Appendix VI-D) 

The lowest LCso of6.65 POB/mm2 was seen with the passage of GmNPV through 

the original host followedbythe passage throughP. xy/oslella (18.04 POB/mm2). LCso of 
. . 

all the other passages through P. ricini, H. linda/is, M vitrata, C. injuscatel/us, 

C. sacchariphaglls indicus and C. parlellus were on par with overlapping fiducial limits . 

.. Passage of GmNPV through C. hinotalis recorded the highest LCso of 138.98 POB/mm2. 

'.4.1.4;5. Fifth passage (Appendix VI-E) 

GmNPV passaged five times through the original host recorded the lowest LCso of 

5.88 POB/mm2 followed by the passage through P. xyloslella (8.02 POB/mm2) and 

. C. infuscatellus (10.86 POB/mm2). GmNPV passaged five times through P. ricini, 

H. undalis, M vitrata, C. sacchariphagus indicus and C. partellus produced LCso in the 
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range of22.87 - 46.02 POB/mm2 against P. xylostel/a and they did not differ significantly 

~ with overlapping fiducial limits. Highest LC,o of 120.10 POB/mm2 was observed with 

GmNPV passaged through C. binotalis. 

On comparing the LCso of GmNPV passaged subsequently through alternate hosts 

five times against P. xylostella larvae, it is evident that the LCso decreased with increasing 

number of passages through alternate hosts (Table 4). There was a drastic reduction in the 

. LCso for passages through C. partellus and P. xylostella while there was not a clear trend 

for passages through G. mellonel/a, C. hinolalis, P. ricini, M. vitrata and 

C. sacchariphagus indiclfs. LCso upon passages through G. mellollella and 

C. it?/ilscale/llfs did not differ significantly with overlapping fiducial limit. However the 

· serial passage of GmNPV through H. ,mdalis has no significant effect on LCso against P. 

· xylostella; II). general there was a decrease in LCso by 2.58, 6.84, 2.62, 2.36, 2.52, -0.99, 

2.29, 4.68 and 2.42 fold after five subsequent passages through G. mellonella, P. 

xylostella, C. hinotalis, P. ricini, M vitrata, H. unda/is, C. in/uscatellus, C. partellus and 

C. sacchariphagus indiclls respectively when compared to the activity after first passage 

· against P. xylostella larvae. 

· 4.2. Comparative virulence of GmNPV isolates to P. xylostella 

Mortality rates of early third instar larvae fed with different concentrations of 

GmNPY isolates viz., Coimbatore and Bangalore are presented in Table 5. Both the 

isolates showed an increasing trend in mortality rates with increase in dose. The mortality 

of the larvae commenced four days post inoculation~ for both the isolates and increased 

with period oftime upto 10 days post inoculation. 

Highest mortality of 96.85 per cent was recorded with highest concentration of 

. '. 2 x'· 109 POS/ml . followed by the subsequent concentrations ~f 2 x 108 and 2 x 107 

, POB/rol with 84.32 and 75.76 per cent mortality respectively for CBE isolate. Mortality 

rates were less than 50 per cent ie., 39.08 per cent and 21.21 per cent with lowest 

concentrations bf2 x 105 and 2 x 104 POB/ml respectively. A similar.trtmd was observed 

with BNGL isolate with highest and lowest mortality of 93.42 per cent and 

18.18 per cent at highest and lowest concentrations of 2 x 109 POB/ml and 2 x 104 
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Table 5. Comparative virulence of GmNPV isolates to early third instar larvae of 
P. xylostella 

.-- Per cent mortality (days after inoculation) 
Dose CBE BNGL 

(POB/ml) 4 6 8 10 4 6 8 10 

2x109 51.52 66.67 90.91 96.85 a 42.26 54.~6 78.64 93.42 a 

2x108 45.62 51.58 66.67 84.32 b 33.33 45.62 66.67 80.81 b 

2x107 42.25 51.47 5l.47 75.76 b 39.40 45.38 54.48 66.67 c 

2xl06 15.36 27.23 30.28 51.48 c 18.12 21.18 39.34 54.55 c 

2xl0s 9.04 15.12 33.33 39.08 c 9.04 18.15 21.18 33.33 d 

2xl04 6.02 18.15 18.15 21.21d 6.02 9.09 15.12 18.18 e 

In a column, means followed by same letters do not differ significantly by DMRT 
(P=0.05) , 
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POB/rol respectively. The mortality rate ranged between 33.33 - 80.81 per cent with the 

concentrations range of2 x lOs - 2 x 10
8 

POB/ml. 

eBE and BNGL isolates of GmNPV did not differ significantly in their virulence 

at all doses tested except 2 x 107
, 2 x 105 and 2 x 104 POB/ml where the mortality rates 

were not on par. Mortality above 65 per cent was witnessed at a dose of 

2 x 107 POB/mi for both the isolates. Hence, for subsequent bioassays with these isolates, 

the highest dose used was 5 x 107 P0l3/ml with five-fold dilutions. 

4.2.1. Response of different larval instars of P. xylostella to GmNPV isolates 

Data on concentration-mortality responses of different larval instars of . 
P. xylostella to GmNPV isolates revealed that all the instars were susceptible to both CBE 

and BNOL isolates (Table 6). The degree of susceptibility of larval instal'S varied 

significantly as evidenced by the variation in the LCso with non .. overlapping fiducial 

limits among the instal'S in consideration. Second instal' larvae were the most susceptible 

with the lowest LCso of 4.55 POB/mm2 while the fourth instal' larvae were least 

susceptible with highe,st LCso of 588.20 POB/mm2 for eBE isolate. LCso were 11.55 and 

33.76 fold higher in early third and late third instars when compared to that of second 

instal' larvae. 

A similar trend was observed with Bangalore isolate with lowest LCso of 6.32 

POB/mm2 in second instar and highest LCso of 391.08 POB/mm2 in fourth instars. LCso 

for early and late third instal'S were 12.84 and 29.14 fold higher respectively than that of 

second instar larvae. Though the CBE isolate recorded a lower LCso than that of BNOL 

isolate for second, early third and late third instars, the variations were not significant 

because of the overlapping fiducial limits. 

4.2.2. Effect of serial passage of GmNPV through P. xylostella 

The yield of POBllarva of CBE isolate was more or less the same 

upto 13 passages. A significant increase in POB yield was observed at the 14th and 15th 

passages (Table 7). 
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4.2.2.1. Concentration and time-mortality responses of P. xy/ostella larvae to 

serially passaged GmNPV 

Concentration-mortality responses of early third instar larvae of P. xylos/ella to 

serially passaged GmNPV (CBE isolate) were compared (Table 7). The susceptibility of 

the larvae increased with subsequent passages of GmNPV through the same host as 

'revealed by the decreasing trend of LCso. It was highest at 54.84 POB/mm2 after 

1 st passage and was on par in the subsequent two passages. However, there was a 

'significant decrease in LCso by 4.72 and 10.61 fold after fourth and fifth passages when 

compared to LCso' after third recorded passage. There was ,a decreasing trend in LCso in 

the subsequent passages except after lzth and 13th passages where there was a slight 

, increase with LCso of 10.39 and 11.31 POB/mm2 respectively. However, the LCso after 

5- IS passages did not differ significantly. There was 12.27 -fold decrease in LCso after 

, 15 passages, compared to LCso after first passage. 

The serial' passage' of GmNPV through P. xylostella larvae however had no 

significant effect on the L T so which ranged from 108.65 to 144.99 h (Table 8) 

4.2.3. Responses of P. xy/ostella larvae to GmNPV and PxGV ' 

GmNPV and PxGV passaged once through P. xylos/ella larvae were compared for 

their efficacies against third instar larvae of P. xylastella (Table 9). Though LCso of 

GmNPV was 10.31 fold higher than that of PxGV, GmNPV recorded a lower L T so 

(133.25 h) when compared to that of PxGV(157.06 h). LCso of the viruses differed 

significantly with non-overlapping fiducial limits. 

4.2.4. Combined effect of GmNPV and PxGV on P. xylostella larvae 

Mixtures of GmNPV and PxGV were used at different ratios to determine the 

, interaction effects on P. xylastella larvae, if 'any. From Table 10, it is evident that 

GmNPV and PxGV,when combined together in any ratio did not produce synergistic 

effect. The effect of GmNPV and PxGV combined together in the ratio of LC2S: LCso, 

LC50 : LC2S and LC2S: LC2S produced mortality of 61.67 per cent, 64.17 per cent and 34.87 

per cent respectively which were all lower when compared to that of respective single 

,effects. The treatments in combination produced an effect lower than the algebraic sum of 
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Table 9. Comparative concentration and time - mortality responses of 
P. xylostella larvae to GmNPV and PxGV 

Virus 
No. 

2 * Slope 
Responses Fiducial limits observed X (n-2) b±S.E. 

LCso (OB/mm~) 

GmNPV 197 0.282 0.446 ± 0.153 54.84 21.03 - 173.04 

PxGV 196 0.854 0.349 ± 0.047 5.32 1.855 - 14.72 

LTso (h) 

GmNPV 197 1.113 0.297 ± 0.174 133.25 114.63 - 148.43 

PxGV 196 0.805 0.241 ± 0.132 157.06 118.19-182.21 

* All lines are significantly a good fit (P<0.05) 



Table 10. Combined effect of GmNPV and PxGV against P. xylostella larvae 

Treatments Per cent mortality (Days after inoculation)'" 
4 6 8 10 

LC50 GmNPV 17.50 b 32.50 c 50.83 c 52.50 c 

LC75 GmNPV 31.67 a 62.49 a 73.33 a 74.17 a 

LC25 GmNPV+ 30.83 a 53.33 b 58.34 b 6l.67 b 
LC50 PxGV 

LCsoGmNPV+ 35.83 a 50.00 b 60.83 b 64.17 b 
LC2S PxGV 

LC2SGmNPV+ 8.36 d 15.83 e 26.67 e 34.87 d 
LC2S PxGV 

LCso PxGV 13.33 c 23.33 d 43.34 d 54.17 c 

" /' 

LC7S PxGV 16.67 bc 31.6Tc '_ 61.67 b 76.17 a 

* In a column, means followed by the same letter do not differ significantly by 
DMRT (P=0.05) 



~ingle effects revealing the absence of any interaction between the components. However, 

, it is interesting to note that treatment of GmNPV alone initiated the infection at a greater 

pace' and the expected effects were observed eight days' po:;t treatment. The rate of 

infection of PxGV was rather at a slow pace and the expected effects were observed 

10 days post treatment. 

4.3. Mass production of GmNPV 

, 4.3.1. Standardization of mass production technique for GmNPV in G. mellon ella 

Among the methods of inoculation tested, whole diet contamination and direct 

per os methods gave the highest larval mortality of 42.50 per cent and 43.33 per cent 

respectively for CBE isolate and 42.50 and 52.50 per cent respectively for BNGL isolate 

(Table 11) (Plate 20, 21). Both the meth6d~ were equally effective as the mortality rates 

of larvae were on par. These were followed by the diet surface contamination method 

with mortality rates of 11.67 per cent and 18.34 per cent for eBE and BNGL isolates 

respectively .. Larval head dip method was the least effective with the lowest mortality of 

7.5 per cent and 13.34 per cent for CBE and BNGL isolates respectively. However the 

susceptibility of G. me/lone/la larvae to BNGL isolates was significantly higher than that 

ofeBE isolate in diet surface contamination, direct per os and larval head dip methods. 

The yield of CBE isolate did not differ significantly with the methods of 

inoculation and it was in the range of 76.60 - 81.70 x 107 POB/larva. BNGL isolate 

recorded around 10 fold lower yield than GBEisolate irrespective of the method of 

inoculation. The yield of this isolate was highest in larvae inoculated by whole diet 

contamination method (8.33 x 107 POB/larva) followed by larvae inoculated by larval 

head dip method (7.30 x 107 POB/larva). The yield was on par in larvae inoculated by 

diet'surface contamination and direct per os methods. 

4.3.2. Susceptibility of different host insect species and yield of GmNPV 

Three insect species viz., G. mellonella. P. ricini and C. partelllls were selected 

for mass production of GmNPV on the basis of production of virulent progeny virus, 

higher yield of POB/larva and ease of mass culturing respectively from the previous 



Table 11. Standardization of mass production technique for GmNPV in G. mellollella 

r0- Per cent mortality Yield (x 10' POB/larva) 

Method of 
bioassay eBE BNGL eBE BNGL 

~arval head dip 7.50 b 13.34 b 78.82 a 7.30 ab 

Diet surface 11.67 b 18.34 b 78.88 a 6.58 b 
, contamination - " 

Whole diet 42.50 a 42.50 a 81.70 a 8.33 a 
contamination 

I 
Direct per os 43.33 a 52.50 a 76.60 a 6.76 b 

In a column, means followed by same letters do not differ significantly by DMRT (P=0.05) 



Plate 20. GmNPV infection in Galleria mellonella 

--Plate 21. Mass production of GmNPV in G. mellonella 



experiments. The susceptibility of different larval instars and yield of GmNPV in these 

selected insect species were determined to standardize the host instar for mass production 

ofChnNPV (Table. 12). 

Among the insect species tested, the yield of GmNPV was highest in the early 

fifth instar larvae of p, ricini (10.19 x 108 POB/larva) and the susceptibility was also high 

with 76.57 per cent mortality. Though the susceptibility was highest in the early instars 

· the yield of GmNPV was low. Hence early fifth instar larvae of P. richU was found to be 

the ideal· stage for mass production of GmNPv. 

The yield of GmNPV in late fourth and early fifth instars of G, mellonella was on 

par with that of P. ricini larvae. However the susceptibility of fourth and fifth instars of 

. G. mellonella larvae was low in the range of 20.0 - 39.4 per cent. The yield of GmNPV 

(7.45 - 8.20 x 108 POB/larva) with moderate per cent mortality of 55.16 - 58.19 in the 

· early and late third instar stages can also be considered suitable for mass production of 

· GmNPV in G. mellonella larvae . 

. In the case of C. partellus larvae, second and third instar larval stages recorded the 

highest mortality in the range of 89.46 - 98.18 per cent but the yield of GmNPV was poor 

.. to the tune of O.lZ - 1.14 x 108 POB/larva. This was followed by early and late fourth 

larval stages. Though highest yield of GmNPY (3.38 x 108 POB/larva) was record~d in 

the early fifth instar, the susceptibility was below 50 per cent. Hence fourth instar larval 

,. stages of C. partellus were optimum for mass production of GmNPV . 

. 4.3.2.1. Production efficiency ratio of GmNPV in three different insect species 

The production efficiency ratio of GmNPV in G. mellonella, P. ricini and 

:C partellllS was compared (Table lZa). The production efficacy was highest in the third 

instar larvae of G. mellonella (433.52-452.31), early fifth jnstar larvae of P. ricini 

'(780:25) and ·fourth instar larvae. of C. PtJrt~llus (234.14 - 238.09) (Plate 22). The 

production virulence ratio was highest in G. mellonella larval stages because oflowest LCso 

(5.88 POB/mm2) against P. xylostella larvae. This was followed by P. ricini larval stages 
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. with LCso of 22.87 POB/mm2
. The ratio was lowest in C. partellus larval stages with 

highestLCso (46.02 POB/mm2
). On comparing the production efficiency ratio of P. ricini 

and C. parte/lus with G. mellonella, the ratio was highest in the early fifth instar stages of 

.. Pi ricini (0.444) and it was 2.25 fold lower than G. mel/onella. The ratio was highest in 

fourth instar larval stages of C. partel/us (0.067) but it was 14.93 fold lower than 

. G. mellonella. Hence GmNPV requires more serial passages through P. ricin; and 

C, partelllls larvae to enhance the virulence against P. xylostella. 

4.3.3. Relative susceptibility of different larval instars of G. mellon ella, P. ricin; and 

C partellus to GmNPV 

Different instars of G. mellonella, P. ricini and C. partellus differed in their 

responses to GmNPV as revealed by the variation in LCso (Table 13). In general, LCso 

. was positively correlated with the age of all the insects tested. The LCso for late instars of 

G. mellonella i. e. IV and V instars was not determined as the mortality rates were below 

50 per cent with the concentrations tested. Among the insects tested, C. parlellus recorded 

the lowest LCso in all the stages except the second and fifth instars. The responses of 

second instars of all the three insects were on par with overlapping fiducial limits. For the 

early and late third instars, LCso in G. mellonel/a and P. rinic; did not differ significantly. 

However LCso in C. partellus was significantly lower than those of the other two species. 

LCso of early and late fourth instars of C. partellus were 2.08 and 2.96 fold lower than 

that of P. ricini laI:vae, However, in the early fifth instar stage, C. partel/lis recorded a 

higher LCso (496.62 POB/mm2) than that of P. ~ricilli (284.31 POB/mm2). 

The time-mortality responses of the three insects tested viz., G. mel/onella, 

C. partellus and P; rlcini differed significantly between the insects for the same age group 

of larvae with non-overlapping fiducial limits (Table 14). LT so for a mel/onella were not 

determined fotfourth and fifth instar larvae as the mortality rates were below 50 per cent. 

Up to the third instars, C. partellus recorded the lowest LTso of 177.98 h followed by 

G. mel/ollella (215.64 h) and P. ricini (252.75 h). C. partellus recorded 1.38, 1.35 and 

1.19 fold lower LTso than P. ricin; larvae for early fourth, late fourth and early fifth instar 

stages respectively. 
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. 4,4. Transovarial transmission of GmNPV 

Table 15 depicts the transovarial. transmission of GmNPV in C. hinota/is and 

p, ricini. The. parameters of the first generation of virus treated larvae viz, fecundity, 

.' fertility .. per c~nt larval mortality, per cent pupation and per cent, adult emergence 

revealed that the virus treated generation had significantly higher per cent mortality of 

.Iiirvae of C. hinatalis (92 per cent) and P. ricini (79.8 per· cent) than the untreated 

generation. However other parameters like fecundity, fertility, per cent adult emergence 

did not differ significantly between treated and untreated populations, 

4."4.1. Activity of horizontally and vertically transmitted GmNPV' against 

, P. xylostella 

The activity of horizontally 'and vertically transmitted GmNPV against 

,P.· xy/astella larvae was compared in terms of LCso (Table 16). Though the LCso of 

horizontally transmitted GmNPV were 1.26 and 1.32 fold less than that of the vertically 

transmitted GmNPV for C. hinatalis and P. ricini respectively, however, it did not differ 

significantly because of the overlapping fiducial limits 

4.5. Comparison of infection of GmNPV in different susceptible host tissues 

The infection of GmNPV in different susceptible host tissues of P. xy/as/ella 

(Plate 23-28), M vitrata (Plate 29-34) and C, partellus (Plate 35-40) was compared 

(Table] 7). The per cent infection of nuclei of fat bodies of insect species increased 

significantly with increase in time after treatment. The presence of polyhedra was 

.observed 48 h post inoculation in P. xy/os/ella and 72 h post inoculation in C. parlellus 

cmtlM vi/rala. At 120 h post inoculation, 93.28 per cent nuclei were found to contain the 
. ' 

POB in P. xy/astella, while 93.19 per cent and 81.38 per cent of cell nuclei were packed 

with POB at 158 h for C. partellus and M vitrata respectively. The rate of infection did 

not differ significantly between 72 hand 144 h post treatment in fat bodies of M. vitrata 

larvae. 

The polyhedra were assembled in hypodermal cells only in the advanced stage of 

infection for all the three insect species. The number of polyhedra visible' pe; cell at the 
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Microsections of GmNPV infected Plutella xylostella larvae 

Plate 23. Vacoulation and virogenic stroma (vs) Plate 24. Fat body (fb) infection (72 h) 

Plate 25. Refractive midgut epithelium (l1!_e) Plate 26. Fat body (fb) infection (96 h) 

Plate 27. Hypodermal (h) infection (120 h) Plate 28. Fat body (fb) infection (120 h) 



Microsections of GmNPV infected Maruca vitrata larvae 

Plate 29. Fat body (fb) infection (96 h) Plate 30. Hypodermal (h) infection 

Plate 31. Fat body (f!?) infection (144 h) Plate 32. Imaginal disc (id) infection (144 h) 

Plate 33. Tracheal matrix (tm) infection Plate 34. Hypodermal (h), Fat body (fb), 



Microsections of GmNPV infected Chilo partellus larvae 

Plate 35. Fat body (fb) infection (96 h) 

Plate 37. Fat body (fb) infection (144 h) 
/ .~ 

Plate 39. Salivary glands (sg) infection (168 h) 

Plate 36. Fat body (fb) and Hypodermal (h) 
infections (120 h) 

Plate 38. Few Polyhedra (FP) and 
Many Polyhedra (MP) cens 

Plate 40. Ganglion (g) infection (168 h) 



, plane of cutting was 10.9 at 120 h after inoculation for P. xylastella, 14.1 and 12.3 at 

~ 168 h for c. partellus and M vitrata larvae respectively. The polyhedra were observed in 

the fat body cells in the early stage of infection for insect species tested i.e, 48 h post 

t'reatments in P. xylostella and 72 h in C. partellus and M vi/rata larvae. The number of 

polyhedra per cells of fat bodies was highest in C. partelllls larvae followed by 

p, xylos/ella and M. vitrata upto 120 h after inoculation. However the number of 

, polyhedra per cell of fat bodies .did not differ significantly during the period of 

'observation in all the insect species tested, High standard error values in C. partellus and 

_._M. vitrata reveal the presence of few polyhedra cells more frequently in these insects 

, when compared to P. xylostella, 

4.6. Size of polyhedra of GmNPV after passage through some alternate host insects 

and in vitro through cell line 

The size of the polyhedra of GmNPV upon passage through homologous and 

. ,heterologous hosts showed variation as depicted in Table 18, The passage of GmNPV 

through the homologous host, G. mellonella resulted in the biggest mean polyhedra of 

size 2.90 Ilm. This was followed by the size of polyhedra produced in vitro in Sf21 cell 

line' (2.75 Ilm). The difference between the smallest and biggest polyhedra was also 

.• lllaximum in homologous passage to the tune of2.88Ilm, 

In general, passage of GmNPV through heterologous hosts yielded smaller 

polyhedra than when passaged through G. 7nellol1ella, Among the heterologous hosts, 

,p, ricini larvae yielded polyhedra of biggest size (2.29 Ilm) followed by that of 

C. partellus (2.16 Ilm) and C. hina/alis (2,07 Ilm), The size of poiyhedra of GmNPV 
. '" '. . 

,'obtained from H. undalis (2.05 Ilm), S. exigua (2,05 Ilm), C. sacchariphagus indiclis 

(2.01 l1.m) and C medinalis (1.98 Ilm) were on par. Passage of GmNPV through 

M. . vitra/a, A. albi.'1triga, P. xy/os/ella and D. pulverulentalis yielded polyhedra of size 

·.1.9~, 1.93, 1..90 and 1.91 Ilm respectively and they did not differ significantly. Polyhedra 

obtained from C. inJuscatellus and O. arenosella were of the size of 1.85 Jlm. Passage of 

GmNPV through E. atomosa and E. merione had the lowest size .of 1.63 Ilm and 1.67 Ilm 

respectively. Based on the upper and lower limits, the maximum and minimum size of 
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, 

Table 18. Size of polyhedra of GmNPV after passage through some alternate 
host insects and in vitro passaged through Sf21 cell line 

,.-GmNPV passed Size of polyhedra * GmNPV passed Size of polyhedra .. 
through ~m±S.E. through J.tm ± S.E. 

G.mellonella 2.90 a ± 0.245 P. ricini 2.29 c ± 0.164 
(2.07 - 4.95 ) (1.70 - 2.98) 

P. xylostella 1.90 gh ± 0.110 E. merione 1.67 I ± 0.068 
'. 

(1.29 - 2.40) (1.35-1.91) 

C. binotaUs 2.07 de ± 0.125 C. medinalis 1.98 efg ± 0.078 
(1.65 - 2.88) (1. 70 - 2.45) 

~ 

H. undalis 2.05 eft 0.141 O. arellosella 1.85 h ± 0.098 
(1.42 - 2.83) (1.33 - 2.33) 

M. vi/rata 1.95 fgh ± 0.134 D. pulverulelltalis 1.91 gh ± 0.084 
(1.44 - 2.53) (1.59 - 2.36) 

E. atomosa 1.63i±0.121 S. exiglla 2.05 eft 0.120 
(1.18 - 2.28) (1.45 - 2.58) 

C. partellus 2.16 d ± 0.105 C. illfuscatellus 1.85 h ± 0.148 
.. Jl.60 ~ 2.64) (1.07 - 2.98) 

.. _ 

C. sacchaiphagus 2.01 efg±0.126 A. albistriga 1.93 fgh ± 0.102 
indicus (1.44 - 2.71) (1.26 - 2.13) 

III vitro passaged 2.75 b ± 0.124 
SUI cell line , (2.04 - 3.26) 

In a column, means followed by the same letter do not differ significantly by DMRT 
(P=0.05) , 
* Figures in parenthesis denote the upper and lower limit 
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polyhedra of2.98 Ilm and l.07 Ilm were witnessed with the passage through P. rieini and 

• C. inJuseatellus respectively among the heterologous hosts. 

4.7. In vitro studies with GmNPV 

4.7.1. Permissibility of cell lines to GmNPV isolates 

All the four cell lines tested viz., SIH, SIPG, Sf21 and HaH were found to be 

susceptible to both the isolates of GmNPV passaged through C. partellus with varied 

frequencies (Table 19). Among the cell lines, Sf21 was the most susceptible with 

_ 92.99 per cent and 84.12 per cent infection for eBE and BNGL isolate respectively 

(Plate 41 arid 42). The susceptibility of SIH and SlPG was on par for eBE isolate but 

differed significantly for BNGL isolate (Plate 43 - 46). HaH was least susceptible with 

12.07 per cent and 5.32 per cent cell infection respectively for eBE and BNGL isolate 

respectively (Plate 47 and 48). 

The yield of POB/ml from cell lines followed the same trend. In both the virus 

isolates highest yield was obtained in Sf21 cell line while the lowest yield was recorded 

in HaH cell line. Infection rates as well as yield of virus did not differ significantly 

between the isolates. 

4.7.2. Susceptibility of Sf21 cell line to GmNPV obtained from the haemolymph of 

different insects 

Virus from C. partellus and P. rieint recorded 81.48 per cent and 75.61 per cent 

infection respectively of Sf21 cell line and they were on par. This was followed by that of 

M vi/rata (47.72 per cent) and H undalis (35.65 per cent) for eBE isolate. Virions from 

. C. partellus recorded the highest cell infection of 82.48 per cent for BNGL isolate 

followed by that of P. rieini (70.42 per cent) and M vitrata (40.46 per cent). 

Haemolymph source from H undalis recorded the lowest infection of 25.34 per cent 

(Table 20). 

The yield ofPOB/ml of cells was highest for virus from C. partel/us which was on 

par with P. rieini for both the isolates. This was followed by M vitrata. Virions from 
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GmNPV infection in Sf21 cell line 

Plate 41. CBE isolate Plate 42. BNGL isolate 

GmNPV infection in Spodoptera litura larval Haemocyte (SIH) cell line 

Plate 43. CBE isolate Plate 44. BNGL isolate 



Table 19. Permissibility of cell lines to GmNPV isolates 

Per cent cells infected ± SE Yield ± SE (x 107 POB/ml) 
Cell lines 

CBE BNGL CBE BNGL 

SIH 44.99 b ± 3.452 42.37 b± 3.246 3.25 b ± 0.061 3.14 b ± 0.072 

SIPG 36.48 b± 2.287 25.12 c:t 1.944 2.01 b ± 0.063 1.68 c ± 0.047 

SU1 92.99 a ± 1.496 84.12 a ± 1.874 28.24 a ± 3.435 25.40 a ± 1.499 

HaH 12.07 c ± 2.815 5.32 d ± 1.771 0.04 c ± 0.013 0.03 d ± 0.014 

In a column, the means followed by same letter do not differ significantly by DMRT 
(P=0.05) 
In a row, the means of the two isolates do not differ significantly at t::;0.05 
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Table 20. Susceptibility of Sf2l cell line to GmNPV isolates from different insect 
haemolymph sources 

Haemolymph Per cent cell infected ± SE Yield ± SE (x 10' POB/ml) 
source CBE BNGL CBE BNGL 

P. ricini 75.61 a ± 2.879 70.42 b ± 2.379 22.37 ab ± 2.017 19.81 a ± 2.576 

C. partellus 8l.48 a ± 1.685 82.48 a ± 2.683 26.72 a ± 2.733 20.46 a ± 1.847 

H. undalis 35.65 c ± 2.671 25.34 d ± 2.111 5.82 c ± 0.941 1.88 c ± 1.530 

M. vitrata 47.72 b ± 2.620 40.46 c ± 2.239 16.52 b ± 2.249 11.74 b ± 1.860 

In a column, the means followed by same leJter do not differ significantly by DMRT 
(P=0.05) .. 
In a row, the means of the two isolates do not differ sign"iticantly at t=0.05 
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GmNPV infection in Spodoptera litura Pupal Gonad (SIPG) cell line 

Plate 45. eBE isolate Plate 46. BNGL isolate 

GmNPV infection in Helicoverpa armigera Haemocyte (HaH) cell line 

Plate 47. eBE isolate Plate 48. BNGL isolate 



H undalis larvae produced the lowest yield of virus in both CBE and BNGL isolates. 

Irrespective of haemolymph source, the isolates did not differ significantly for both the 

parameters (per cent cell infection and yield). 

4.7.3. Comparison of in vivo and ill vitro produced GmNPV 
\, 

The LC50 of in vilro and in vivo produced GmNPV did not differ significantly 

irrespective of the insect haemolymph source as seen by the overlapping fiducial limits 

against P. xylostella larvae (Table 21). However, in the case of H undalis, in vitro 

. produced GmNPV recorded a 1.27 fold increase in LC50 when compared to that of in vivo 

produced GmNPV. 

4.7.4. Comparison of in vitro produced GmNPV from different cell lines 

GmNPV produced in Sf21 cell line recorded the lowest LCso of 42.13 POB/mm2 

followed by SIH (57.36 POB/mm2) and SIPG (63.11 POB/mm2) (Table 22). On 

comparing with LCso of in vivo produced GmNPV (54.81 POB/mm2), it is clear that LCso 

did not differ significantly between the in vivo and in vitro produced GmNPV as 

evidenced by the overlapping of fiducial limits. 

4,8. Determination of chitinase activity of GmNPV 

The chitinase activity in terms of N"acetyl glucosamine released in larvae of 

G. mel/onella and C. partellus infected with GmNPV was compared with that of HaNPV 

and SINPV at hourly intervals (Table 23). In all the three NPVs tested, the chitinase 

activity increased with increase in time after treatment to a certain period and stabilized 

thereafter. Among the three NPVs tested, HaNPV infection showed significantly highest 

chitinase activity at the end of each observation at 24 h interval. The activity was 

, minimum (94.55 I-Lg/g) at 24 h and it steadily increased and the maximum of 151.11 I-Lg/g 

was witnessed at the end of 192 h post treatment. The activity got stabilized after 144 h 

post treatment. A similar trend was observed with SINPV where the maximum chitinase 

activity was recorded at 168 h post treatment (I48.89 I-Lg/g). Though the activity of 

SINPV was slightly lower than that of HaNPV, it was on par at 120, 168 and 192 h post 

inoculation; 
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Table 21. Concentration mortality response of early third instar larvae of 
P. xylostella to in vivo and in vitro produced GmNPV from different 
insect haemolympb sources 

Category 
No. 

2 * Slope LCso Fiducial limits 
observed X (n-2) b±S.E. (POB/mm2) 

P. ricini 
In vivo 195 0.431 0.573 ± 0.088 47.687 21.991 - 115.25 
In vitro 197 0.162 0.620 ± 0.089 38.120 18.416 - 84.151 

C. partellus 
In vivo 196 0.245 0.451 ± 0.083 50.604 19.479 -161.552 
In vitro 195 0.164 0.451 ± 0.082 40.198 15.331-122.086 

H. undalis 
In vivo 194 0.509 0.529 ± 0.086 37.684 16.367 - 95.213 
In vitro 196 0.600 0.494 ± 0.085 47.947 19.880 - 135.226 

M. vitrata 
In vivo 195 0.295 0.598 ± 0.088 38.444 18.174 - 87.386 
In vitro 197 0.191 0.649 ± 0.091 33.293 16.458 - 70.403 

* All lines are significantly a good fit (P<0.05) 
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. 

Table 22. Concentra.tion mortality response of early third ins tar larvae of 
P. xylostella to in vivo and in vitro produced GmNPV from different cell 
lines 

Cell line 
No. 

X
2 * 

Slope LCso Fiducial limits observed (11·2) b±S.E. (POB/mm2) 

SIH 196 0.483 0.459 ± 0.082 57.36 22.46 - 184.29 

SIPG 195 0.747 0.521 ± 0.086 63.11 27.26 - 174.95 

Sf21 196 0.640 0.467 ± 0.083 42.13' 16.49-126.01 

In vivo 196 0.802 0.412 ± 0.082 54.81 19.47 - 203.57 

* All lines are significantly a good fit (P<0.05) 
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Table 23. Determination of chitinase activity of GmNPV in comparison with 
HaNPV and SINPV 

,...-
N-acetyl glucosamine released (J.lglglh)* Hours after 

treatment GmNPV passed through 
HaNPV SINPV G. mellon ella C. partellus 

24 BDL** BDL 94.55 dA 54.44 gB 

48 13.33 gC 7,4SeD 114,45 cA 68.89 bB 

72 16.11 gC 8.89 eO 132.22 bA 96.67 dB 

96 22.67 fC 18.89 dC 112.22 cA 82.22 cB 

120 95.55 dB 37.78 cC 131.11 bA 125.00 cA 

144 121.67cC 56.67 bD 147.78 aA 135.55 bB 

168 84.44 eB 46.67 bC 145.56 aA 148.89 aA 

192 128.89 bcB 55.55 bC 151.11 aA 145.56 abA 

216 146;67 aA 97.78 aB - -

240 136.66 bA 88.89 aB - -

'" In a column, means followed by same small letters do not differ significantly by DMRT 
at P=0.05 
>I< In a row, means followed by same capital letters do not differ significantly by DMRT at 
P=0.05 
>1<* Below detectable level 
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On the whole, GmNPV recorded the lowest chitinase activity among the three 

NPVs tested. The activity commenced only" after 48 h post treatment and it was as low as 

13.33 ~.g/g and 7.45 ~g/g respectively in homologous (G. mellonella) and heterologous 

.' host (c. partellus) at the beginning. The activity reached its peak only after 216 h post 

treatment with 146.67 ~glg and 97.78 ~glg respectively for homologous and heterologous 

hosts. At the end of each observation the chitinase activity of GmNPV was significantly 

· higher in homologous host than heterologous host. It is interesting to note that the 

. :chitinase activity of GmNPV lowered at 168 h post treatments irrespective of hosts and 

stabilized thereafter. 

4.9. Persistence of GmNPV on cauli~ower phyllosphere 

The activity of GmNPV exposed to sunlight for different periods of time against 

P. xylostella larvae is presented in Table 24. The activity of GmNPV showed a declining 

trend with increase in exposure to sunlight and it persisted for six days after exposure. 

However, the virus lost 50 per cent of its activity at the end of two days of exposure to 

sunlight. The per cent Original Activity Remaining (OAR) was low at 16.67 after five 

days of exposure while it was meager (2.22 per cent) at the end of six days of exposure. 

Passage of persisted ViruS through P. xylostella and subsequent exposure to 

· sunlight for five times did not enhance the persistence of GmNPV significantly except at 

the end of three and six days of exposure. The per cent OAR was significantly greater at 

the end of six days of exposure in the fourth and fifth passages than that of the previous 

passages. At the end of one and five days post exposure, the per cent OAR was on par for 

all the passages. The rate of increase of per cent OAR was rather gradual at the end of 

three days of exposure . 

.. 4.9.1. Effect of microclimatic conditions on the persistence of GmNPV 

The influence of microclimatic conditions on the persistence of GmNPV was 

· .determined for a period of eight months (Sep 2001· - April 2002) (Table 25). During the 

period of observation, GmNPV was fomid to persist on cauliflower leaf phyllosphere for 

five days. The persistence of GmNPV, measured in terms of its activity against 
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P. xy/us/e/la, declined with increase in time of exposure after treatment. The activity of 

GtnNPV was highest in the month of December with significantly higher mortality rate of 

. more than 57 per cent at the end of three days of exposure and the activity was 

maintained with mortality of 25 per cent at the end of five days of exposure. GmNPV was 

relatively more persistent in the month of November and December as evidenced by 

. higher activity against P. xylastella than that of September. 

The low persistence of GmNPV was witnessed in the month of February and 

April with a loss of 52 per cent activity at the end of the one day of exposure. During 

January and March, the activity of GmNPV was on par upto four days after exposure and 

the activity diminished by 93 per cent and 82 per cent at the end of five days of exposure 

when compared to the activity at the end of one day of exposure. 

The correlation of microclimatic weather parameters with the persistence of 

GmNPV is depicted in Table 26. There was correlation between maximum temperature, 

relative humidity at 14.30 h solar radiation and per cent mortality of P. xylas/ella. The 

. relative humidity at 7.30 h and minimum temperature did not have any effect on the 

persistence of GmNPv. The maximum temperature and solar radiation were negatively 

correlated with the per cent mortality of P. xylostella while relative humidity at 14.30 h 

was positively correlated with the same. 

4.10. Efficacy of different dosages of GmNPV in pot culture assay 

.. 4.10.1. P. xylostella 

The mortality of P. xylastella larvae increased with increase in dose of GmNPV 

and period of exposure (Table 27). Observations on the per cent mortality of P. xylostella 

. larvae taken at f~ur, six and eight days post treatment showed significant differences 

: among the treatments on eight days post treatment. Highest mortality of 60 per cent was 

observed with the highest dose of 1 x .108 POB/ml followed by the dose of 5 x 107 

. POB/ml (56.67 per cent). The effects of doses of 2.50 x 107
, 1.25 X 107 and 6.25 x 106

, 

3.13 x 106 POB/m! were on par. However all the treatments were eff~ctive in debilitating 

·the larval population of P. xy/astella when compared to the control. 
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Table 27. Effect of different dosages of GmNPV (CBE isolate) on P. xylostella by 
pot culture assay 

Treatments Per cent mortality of larvae (Days after treatment) 

(POB/ml) 4 6 8 

1.00 X 108 28.33 a 49.l7 a 60.00 a 

5.00 x 107 25.85 a 48.34 a 56.67 ab 

2.50 x 107 21.67 a 42.50 ab 50.00 bc 

1.25 X 107 13.33b 35.00 bc 43.33 b 

6.25 x 106 10.83 bc 27.50 cd 32.50 d 

3.13 ~ 106 6.67 c 25.00 d 28.33 d 

Control 1.67 d 2.50e 2.50 e 

In a column, means followed by the same letter dq not differ significantly by DMRT 
(P=0.05) 
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4.10.2. C. binotalis 

Similar trend was observed with the population of C. binotalis (Table 28). There 

was moderate increase in per cent J11OJ:tality of C. binotalis larva with all the doses tested 

a day after first spray. Due to the subsequent spray at five days interval, there was a 

drastic increase in per cent mortality of the larvae on 11 th and 13 th day observations. 

Plants sprayed with OmNPY @ 1 x 108 POB/ml recorded the highest larval mortality of 

70 per cent followed by doses of 5 x J 07 (63.33 per cent) and 25 x 107 POB/ml 

(54.17 per cent). The doses of 6.25 x 106 and 3.13 x 106 POB/ml were equally effective 

~- against C. binotalis. 

4.10.3. H. ul1daU~ 

Application of OmNPY @ 1 x 108 POB/ml and 5 x 107 POB/ml was the most 

effective with on par mortality rates of 59. J 7 per cent and 55.83 per cent respectively at 

the end of 11 days post treatment (Table 29). Subsequent doses of 2.5 x 107 POB/m1 and 

1.25 x 107 POB/ml followed suit and their effects were on par. The effect of doses of 

6.25 x 106 POB/ml and 3. J 3 x 106 POB/ml did not differ significantly with on par 

mortality rates of 31.67 per cent and 27.50 per cent respectively. However drastic 

increase in the mortality rates of H undalis was not observed in the subsequent count 

after second spray at five days interval as that of C. binotalis. 

4.11. Field efficiency of GmNPV 

4.11.1. P.xylostella 

Pre-treatment counts showed the larval population in the range of 19.56-23.42 per 

10 plants. Observations on larval population taken on four, six and eight days post 

treatment showed significant reduction in all the treatments (Table 30; Plate 49). Eight 

days after first spray, indoxacarb was found to be the most effective in reducing the larval 

population (9.03 larvae/lO plants) followed by B.t. (14.20 larvae/lO plants). GmNPY 

@ 7.5 x 10 13 and 3.75 x 10 13 POB/ha were as effective as PxGv (1.5 x 1013 OBlha) 

followed by GmNPV @ 1.88 x 1013 POBlha. 
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Table28. Effect of different dosages of GmNPV (CBE isolate) on C. binotalis by 
pot culture assay 

Treatments Per cent mortality of larvae (Days after treatment) 

(POB/ml) 5 7 9 11 13 

1.00 X 108 15.00 a 29.99 a 31.67 a 55.83 a 70.00 a 

5.00 x 107 15.83 a 25.00 ab 30.00 ab 48.34 ab 63.33 b 

2.50 x 107 14.17 a 25.33 ab 25.00 abe 42.50 b 54.17 e 
, 

1.25 x 107 13.33 a 20.00 be 22.50 bed 33.33 e 41.67 d 

6.25 x 106 9.17 b 15.83 e 20.00 cd 27.50 cd 34.17 e 

3.13 x 106 3.33 b 14.17 c 15.84 d 23.33 d 31.67 e 

Control 0.00 c 0.83 d 2.00 e 2.50 e 7.50 f 
, ,/ 

In a column, means followed by the same letter do not differ significantly by DMRT 
(p== 0.05) 
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Table 29. Effect of different dosages of GmNPV (CBE isolate) on H. undalis by pot 
culture assay 

Treatments Per cent mortality of larvae (Days after treatment) 

(POB/ml) 5 7 9 11 

. 1.00 X 108 29.17 a 34.17 a 45.83 a 59.17 a 

5.00 x 107 26.67 a 30.00 ab 44.17 a 55.83 a 

2.50 x 107 21.67 ab 24.17 bc 39.17 ab 46.67 b 
I 

1.25 X 107 17.50 bc 20.00 cd 31.67 be 41.67 b 

6.25 x 106 14.17 cd 17.50 cd 26.67 c 31.67 c 

3.13 x 106 10.00 d 15.00 d 24.17 c 27.50 c 

Control 0.96 e. 2.50 e 5.00 d 7.50 d 
" __ -

In a column, means followed by the same letter do not differ significantly by DMRT 
(p= 0.05) 
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Plate 49. Field trial on efficacy of GmNPV 



Observation on the larval count eight days after second spray showed that 

, GmNPV @ 7.5 x 1013 was as effective as PxGV and indoxacarb in reducing the larval 

population followed by GmNPY @ 1.88 x 10 13 and 3.75 x 10 13 POB/ha. The plots treated 

with B. t. stood next. 

In the subsequent two sprays also indoxacarb was the most effective in reducing 

the larval population by 73.91 per cent over control. Among the other treatments, 

GmNPY @ 7.5 x 1013 POB/ha and PxGV were equally effective in reducing the larval 

population by 65,68 and 65.82 per cent res'pectively. GmNPV @ 3.75 x 1013 and 1 :38 x 

10 13 POB/ha stood next with the total reduction of approximately 61 per cent of larval 

,population. These were on par with B.t. recording 59.39 per cent reduction in larval 

population over control. Control plots recorded significantly the highest larval population 

,in the range of20.30 .. 25,67 larvae/lO plants at the end of each spray. 

,4.11.2. C. binota/is 

The larval population of C. hinotalis in pre-treatment count was in the range of 

, 9.45-11.22/10 plants (Table 31). Observations on the larval populatic)O on four, six and 

" eight day post treatment in all the sprays revealed that indoxacarb was the most effective 

in checking the population of C. hinotalis. The reduction in larval population in this 

treatment was 70.95, 73,65,84,67 and 64.22 per cent over control eight days after I, II, III 

and IV sprays respectively. The highest dose of GmNPV @ 7.5 x 10 13 POB/ha stood next 

to indoxacarb with the larval population of 5,37, 4.07, 4,93 and 4,10/10 plants eight day 

after I, II, In and IV sprays respectively. The reduction in larval population was 62.39 per 

" cent over control at the end of four subsequent sprays. 

, GmNPV @ 3.75 x 1013 and 1.88 x 1013 POB/ha exhibited equal efficacy. The 

. plots treated with these doses of GmNPV recorded larval population of 4.27 and 4.331 

" 10 plants at eight days after fourth spray respectively. The larval population in these plots 

did not differ significantly from those of B.t. - treated plots at the end of I spray while 

,they were superior over the B. t. applicatiori at the end of II, III and IV sprays. Bas~d on 

" the, debilitation of larval population, B. t. was more effective than GmNPV only at four 
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and six days post treatment, while at eight days post treatment GmNPV was found to 

perform better than B. t. 

4.11.3. Yield parameters 

Observations on the mean diameter of flower heads and yield per hectare showed 

that all the treatments were significantly better than control (Table 32). Application of 

indoxacarb resulted in the highest mean diameter of flower head (15.37 cm) and yield of 

26.64 t/ha. GmNPV @ 7.5 x 1013 POB/ha and PxGV at 1.5 x '10 13 OB/ha were found to 

be the next best in increasing the yield of cauliflower followed by GmNPV @ 3.75 x 10 13 

POB/ha. Plots treated with GmNPV @ 1.88 x 10 13 POB/ha ai)d B.I. were next in order. 

Control plots recorded the lowest mean diameter of flower head (11.53 cm) and yield 

(19.70 t/ha). 

4.12. Safety tests of GmNPV isolates on non-target organisms 

4.12.1. T; chllonis 

The per cent parasitization, adult emergence, adult duration and total life cycle of 

T. chilonis exposed to GmNPV (CaE and BNGL isolates) through C. cephalonica eggs 

or through adult feed did not differ significantly with those of untreatedparasitoids (Table 

3Jand 34). 

4.12.2. C. carnea 

There were no harmful effect on hatchability, larval period, per cent pupation, 

pupal period and per cent adult emergence ot C. carne a fed with C. cephalonica eggs 

treated with GmNPV (CBE and BNGL isolates) when compared to that of control 

~Table 35). Though, 8-10 per cent mortality of grubs was observed in virus treatments, 

~here existed no significant difference from control. 

'-12.3. B. mori 

Observations on the larval weight of III, IV and V instars, per cent pupation, pupal 

)eriod, cocoon weight, per cent adult emergence and per cent larval mortality of six 

lifferent races of B. mari compared with those of respective control' are given in Table 
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Table 32. Effect of GmNPV on the yield of cauliflower 

I Treatments Mean diameter (em) Yield Iha (tonnes) 
I 

I 

r 
I GmNPV 1.88xlOl3 (POB/ha) 13.33 d 21.67 cd 
~ 

I 
I 

IGmNPV 3.75 xlO IJ (POB/ha) 14.30 c 22.73 c 

GmNPV 7.50 xl0 13 (POB/ha) 14.93 ab 24.40 b 

PxGV 1.5 xlO J3 (OB/hR) 14.43 be 23.13 be 

I 

B.t. ( O.S kg/ha) 13.57d 20.50 de 

Indoxacarb (29 g a.i.lha) 15.37 a 26.64 a 

Control 11.53 e 19.70 e 

In a column, means followed by the same letter do not differ significantly by DMRT 
(P=O.OS) 
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Table 33. Effect of GmNPV isolates on T. chilonis by egg treatment 

Parameters * GmNPV treated 
Control 

CBE BNGL 

Parasitization (%) 73.8 ± 5.32 76.6 ± 4.61 70.6 ± 4.66 

Adult emergence (%) 93.1 ± 2.92 91.5 ± 2.44 94.7 ± 1.61 

Total life cycle (days) 9.10 ± 0.31 9.20 ± 0.20 9.l0±0.31 

Adult duration (days) 2.80 ± 0.25 3.00 ± 0.26 3.50 ± 0.22 

, -

* In a row, the means do not differ significantly by DMRT (P=0.05) 

Table 34. Effect of GmNPV isolates on T. cltilonis by oral feeding 

Parameters * GmNPV fed 
Control 

CBE BNGL 

Parasitization (%) 68.1 ± 4.52 66.1 ± 2.70 67.7 ± 2.50 

Adult emergence (%) 93.9± 1:59 92.7 ± 1.96 94.3 ± 2.08 

Total life cycle (days) 9.10 ± 0.23 9.00 ± 0.30 9.10 ± 0.35 

Adult duration (days) 3.00 ± 0.30 3.10 ± 0.28 3.10 ± 0.23 

* In a row, the means do not differ significantly by DMRT.(P=O.05) 



J15 

Table 35. Effect of GmNPV isolates on C. carnea 

Parameters * GmNPV treated 
CBE BNGL Control 

Hatchability eX» 94.00 ± 2.44 96.00 ± 2.45 96.00 ± 2.45 

Larval mortality (%) 10.00 ± 3.16 8.00 ± 2.00 8.00 ± 3.74 

. Larval period (days) 10.84 ± 0.16 10.96 ± 0.12 1l.02 ± 0.17 

% pupation (days) 80.17±3.99 80.22 ± 4.28 80.11 ± 2.60 

Pupal period (days) 10.78 ± 0.07 10.89 ± 0.05 10.95 ± 0.02 

Adult emergence (%) 92.14 ± 3.23 92.06 ± 3.29 95.28 ± 2.90 

* In a row, the means do not differ significantly by DMRT (P=0.05) 



36. The above parameters did not differ significantly between the virus treated and 

. control. However, a higher larval mortality of 26.70 per cent and 20 per cent less pupation 

were observed in CSRI 4 x 2 race treated with GmNPV. compared to control (6.67 per 

cent). This was probably due to triggering of latent infection of the homologous B. mori 

NPV. 

4.12.4. Honey bees 

The mortality rates of adult bees of four species viz., Apis mellifera, A. cerana 

. indica, A. florea and Trigona iridipennis are given in Table 37. GmNPV @ 2 x 109 

POB/ml fed with sucrose solution did not cause any deleterious effect in all the species 

tested as the mortality rates between treated and control were on par at the end of each 

. observation period. Moreover, there were no significant differences in the mean number 

of days of survival between treated and control for all the four species tested. 

l1B 
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Table 37. Safety of GmNPV (CBE isolate) to different species of honeybees 

..--
Per cent bees dead (Days after feeding) Mean no. 

Species * Category days 
4 8 12 16 20 survived 

Treated 26.67 53.33 60.00 73.33 96.67 11.5 ± 1.11 

Apis 
melli/era 

Control 33.33 46.67 66.67 83.33 100.00 11.8 ± 1.10 

Treated 33.33 40.00 56.67 80.00 100.00 11.6 ± 1.16 
A. cerana 
indica 

Control 36.67 .50.00 63.33 86.67 93.33 10.6± 1.14 
! 

Treated 43.33 60.00 86.67 100.00 100.00 8.4 ± 0.82 

A·florea 

Control 40.00 53.33 93.33 100.00 100.00 8.5 ± 0.68 

Treated 33.33 56.67 96.67 100.00 100.00 8.5 ± 0.76 
Trigona 
iridipennis 

Control 26.67 66.67 93.33 100.00 100.00 8.3 ± 0.67 

The means of each category do not differ significantly at t=0.05 for a species 
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Chapter V 

DISCUSSION 

In the past 50 years, the diamondback moth, P. xy/ostella has become one of the 

most difficult insects in the world to control because of its intrinsic biology and ecology 

and its large host range. Failure to control is not an indication of lack of efforts but it is 

.' rather the ability to develop resistance by diamondback moth to every insecticide that has 

been widely used against them; including, B. thuringiensis. New products such as 

microbial insecticides to complement our traditional strategies of pest management are 

sorely needed. The present study investigates the potential of nuCleopolyhed~osis virus of 

G. mel/onel/a for the management of P. xy/os/ella and explores the possibility of 

developing GmNPV as a bioinsecticide .. 

5.1. Cross-infectivity of GmNPV 

GmNPV was found to be cross-infective to 16 insect species out of 3 I species 

tested. Several of the economically important pests like P. xylos(ella, C. parlellus, 
I 

C. iJ?/lIscatelllls, C. ,\'Clcchariphaglls indiclls, M vitrata, C. medlnalis, M palna/is, 

.' O. arenosella, A. alhislriga and D. pulvert/tenla/is were susceptible to GmNPV (Table 1). 

The host range ofGmNPV covered several families of the order Lepidoptera, of which 

Pyralids dominated followed by Arctiids (Fig 1). Not all the sp~cies' of the same family 

· were susceptible to GmNPV. Some of the pyralids like D. indica, H. {luera, 

C. cepha/onica, N. geometra/is did not get infect with GmNPV. Likewise, except 

· S. exiglla, other noctuids like H. armigera, S. lilura, E. villella, E. mClchera/is, A. peponis, 

A. janata, A. ipsi/Oll and M separata were refractive to GmNPV infection. Also, the host 

. range of GmNPV covers pests of different crop ecosystems like paddy, sugarcane, pulses, 

crucifers, oilseeds and mulberry. 

Interestingly, more than one insect pest colonizing the same crop viz., 

· P. xylostella, C. binotalis, H. undolis, S. exigua ( crucifers), C. . infuscatellus, 

, c.' sacchariphaglls, indicus (sugarcane), M vitrata, E. aiomosa (pulses), C medina/is, 

M. paIno/is (rice) and P. ricini and E. merione (castor) were susceptible to GmNPV. This 
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would be of great economiC significance In pest management In different . crop 

ecosystems. 

The susceptibility of several lepidopteran species to NPV from GmNPV has been 

reported earlier. It included H. zea, T ni, M sex/a (Fraser and Stairs, 1982), H. virescens, 

S. ./i'ugipe/'da, Pla/hypena includel1s, , A. ipsilon (Biever and Andrews, 1984; Kadir and 

Payne, 1989), P. xyloslella, C. hil10lalis and M hrassieae (Kadir e/ al. 1999b). 

The cross-infectivity of GmNPY to H. undalis, S. exigI/a, C. parlelllls, 

C. il?/i,.w.:alelills, C. saechariphaglfs ind;ells, P.ricini, M vitrala, E. atomosa, 

C. medinalis, M patna/is, 0. arenosella, A. a/histriga, D. pu/veru/enlalis and to a distinct 

relative nymphaJid butterfly, E. merione-is' reported for the first time. Refractiveness to 

GmNPV infection was confirmed in different larval instars of another 15 species 

. including ,R. armigera. Rabindra et al. (1998a) showed that GmNPV did not infect 

H. armigera larvae but triggered the expression of a latent virus infection. Since insect 

host..;virus interactions are complex, several barriers to successful infection such as 

deactivation in the midgut (Pritchett et al., 1982), failure to pass through the peritrophic 

membrane (Derkson and Granados, J 988) and abortion and regeneration of midgut cells 

(Inoue and Miyagawa, 1978) have been reported. It is likely that anyone of the above 

factors might have caused immunity to GmNPY in non~susceptible insect species. 

Baculoviruses are mostly host~specific (Groner, 1986) while a few like AcNPY, 

Antiearsia gemmata/is (AgNPV), AtNPV and Bomhyx mori (BmNPV) have a broader 

host range. The ability of certain NPV to cross-transmit is attributed to the packaging of 

redundant nucleocapsids within a single virion. Washburn et al. (1999) pr~ved that 

multiple· nucleocapsid packaging strategy of AcMNPV accelerated the onset of 

irreversible systemic infections in T ni while single nucleocapsid per virion restricted to 

primary infection· in the midgut cell foci. Electron micrographs of the polyhedra of 

GmNPV with multiply enveloped nucleocapsids (MNPV) by Fraser and Hink (1982b) 

substantiates the cross ~ transmitting ability of GmNPV. 
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The degree of susceptibility of insect species to GmNPV varied significantly in 

the present study. Among the 16 susceptible insect species, three different levels of 

susceptibility were observed (Fig 2.). C. infuscatellus, M vitrata, P. rieini and 

D. pulverulentalis were highly susceptible group with the mortality range of 80-95 per 

cent. P. xylostella, H undalis, C. binotalis, C. sacchariphagus indicus, C. parlel/us, 

E. atomosa, E. merione and M patnalis could be grouped together with the moderate 

mortality range of 51 ~ 79 per cent. C. medinalis, 0. arenosella, S. exigua and A. alb is/riga 

were least susceptible group with the. mortality range of 15-40 per cent. The variation in 

the degree of susceptibility of GmNPV (CBE isolate) is supported by the view of Fraser 

and Stairs (1982) that among the three alternate species tested with GmNPV, T ni was 

the most susceptible followed by H. zea and M. sexta was the least susceptible. Grewal 

et al. (1998) ranked the insect species from most to least susceptible as H. virescens > 

H. zea > S. exiguC/ > S. frugiperda > P. xylostella, based on relative susceptibility to 

AfNPV. The order of susceptibility of seven insect species viz., P. xyiosfe/la, 

H vtrescens, Tnt, H. su~flexa, H zea, S. exigua and S. jrugiperda varied significantly 

for three viruses tested (PxMNPV, AcMNPV and AfMNPV) (Kariuki and McIntosh, 

1999). 

The yield of GmNPV also varied significantly among the susceptible insect 

species (Table 2). The yield of GmNPV was highest in the highly susceptible species like 

P. ricini (21.86 x 107 POBllarva:'), C. infuscatellusand D. pulverulentalis. The yield was 

lowest (0.74 x 107 POB/larva") in the least_ susceptible species, 0. arenosella. Highly 

susceptible species yielding average POB/larva (M vitrata) and least susceptible species 

yielding highest POBllarva (A. ablistriga) suggest that size of the host species influence 

the yield of POB/larva irrespective of degree of susceptibility. Also moderately 

susceptible and medium sized species yielding high POB/larva (c. partellus) reveals the 

involvement of other factors like rate of invasion and spread of systemic secondary 

infection. 

5.1.1. Confirmation of cross-infectivity of GmNPV 

DNA profiles generated by restriction endonuclease analysis with Pst I revealed 

identical patterns of fragments of inoculated GmNPV and progeny virus from 
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p, xylostella, C. binotalis, M vitrata, H undalis, C. infuscatellus, C. partellus and 

p, ricini (Plate 17 and 18). Also the profiles generated with BamH I from DNA of 

inoculated GmNPV and progeny virus from D, pulverulentalis were similar (Plate 19). 

There was difference in the total molecular weights of the DNA fragments between the 

inoculated virus (116.82 Kbp) and progeny virus from P. xylostella (121.04 Kbp). This 

was due to the difference in the migration of the fourth fragment. Alteration in molecular 

weight of a few fragments during serial passage through alternate hosts is fairly typical of 

most wild-type baculoviruses which usually exhibit some heterogeneity (Smith and 

Crooks, 1988, Kadir et al., 1999a). Also, Fraser et al. (1983) reported the acquisition of 

host cell DNA during the viral infection resulting in the alteration of viral genome. In the 

present study, the passage of GmNPV through P. xylostella might have resulted in the 

insertion of host cell DNA in the restriction sites of Pst I enzyme leading to the variation 

in the molecular size of the fourth fragment. REN analysis with other enzymes may show 

variation in the progeny viral genome of GmNPV after passage through alternate hosts. 

DNA of progeny virus from C. bino/alis, H undalis, C. infuscatellus, C. partelhls 

and P. ricint were insufficient to generate profiles (Plate 17). The ethanol precipitaion of 

DNA concentrated the quantity of DNA and the profiles were generated thereafter with a 

molecular weight of 115.96 Kbp. 

The DNA pl'of1les of GmNPV generated using Pst I enzyme in the present study 

were identical with that -obtained by Fraser_et. al. (1983) for GmNPV with the same 

enzyme. This further confirms the identity of GmNPV used in the present study and also 

the cross-infectivity of GmNPV to p, xylostella, C. binotalis, M vi/rata, H. undalis, 

C. infuscatellus, C. partellus, P. ricini and D. pulverulen/alis. For other susceptible 

insects viz., C. sacchariphagus indicus, E. merione, E. alomosa, A. alb is/riga, 

0. arenosella, C. rnedinalis, s. exigua and M patnalis, the progeny virus was reciprocally 

tested with G. mellonella and the cross-infectivity was confirmed. 

5.1.2. Effect of serial passage of GmNPV in alternate hosts 

The virulence of GmNPV against P. xylostella larvae increased by serially 

passaging through the alternate hosts as evidenced by the decrease in LCso after 



successive passages (Appendix VI A-E, Fig 3.). The lowest LCso for P. xylostella was 

witnessed with the subsequent passages through the original host, G. mellonella. This is 

in agreement with the view of Stairs (1990) who reported that progeny virus of GmNPV 

from M sex/a larva when passaged back through the original host, O. mellonella retained 

its virulence for this species. 

A drastic reduction in LC50 by 6.84 fold was recorded with five subsequent 

passages of GmNPV through P. xylostella against the same. Tompkins et al. (1988) 

recorded a 12.5 fold increase in virulence of HaNPV to neonate Tn; after three passages 

in. T ni larvae. Serially passaged AcMNPV through P. xylostella larvae for 

20 times increased the virulence by 15 fold against the pest (Kolodny - Hirsch and Van 

Beek, 1997). These reports support the view that passage of NPV through an alternate 

host but same as the test insect enhance the virulence of NPV against the test insect, as 

observed in this case with P. xyloslella. 

Passage of GmNPV subsequently through other hosts like C. bino/alis, 

P. rfeint, M vi/rata, C. infitscatellus, C. partellus and C. sacchariphagus indieus resulted 

in reduction of LCso for P. xylostella larvae thereby revealing the increase in virulence. It 

seems NPVs adapt to the homologous or heterologous hosts upon sequential passages. 

Passage of virus through alien insects produces changes in growth and virulence of NPV 

(Stairs et al., 1981). Tompkins et al. (1981) showed that passage of AcMNPV through 

alternate hosts changed the size of the polyhedra and these polyhedra contained more 

virions per cross section of PIB and greater mean and mode of nucleocapsids per virion 

and were more virulent to neonate T ni. As discussed earlier, increase in nucleocapsids 

per virion upon serial passages through alternate hosts contributes to the increase in 

virulence of passaged virus against the target pests. Hence, it can be assumed that 

GmNPV should be serially passaged through the test insect subsequently followed by a 

passage through the original host, G. mellonella for selection of a more virulent strain 

against a test insect. 
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5.2 .. Efficacy of GmNPV on P. xylo!Jtella 

Larvae of P. xy/ostella were found to be susceptible to GmNPV isolates viz. 

coimbatore (CBE) and Bangalore (BNGL) in the dose range of 104 
• 109 POB/mt. The 

· mortality rates of larvae were positively correlated with the dose and period of time after 

· inoculation (Table 5). However, more than 50 per cent mortality was observed with the 

dose of 2 x 106 POB/ml in the present study, as against the dose of 1.7 x 103 POB/ml with 

· PxNPV for third instar larvae of P. xylostelta, reported by Padmavathamma and Veeresh 

(1991). This may be attributed to the heterologous infection of P. xylos/ella larvae by 

NPY of alien insect source, G. mellonella. Heterologous infections normally require a 

high dose to produce an expected effect. This view is supported by the finding of Fraser 

and Stairs (1982) that extremely large doses of GmNPV @ 4.125 x 106 
- 4.125 X 107 

: POB/ml were required to infect neonate M sexta larvae by feeding. Among certain 

· conditions shown to favour the successful transmission of GmNPV to alternate hosts, 

... requirement of higher doses is advocated to overcome some unfavourable factors in the 

.. midgut environment of alternate hosts such as pH differences or more active digestive 

enzymes. 

Assays of GmNPV with neonate P. xylostella , C. bino/alis, M brassicae and 

H. virescens . larvae were done using half-log virus doses within the range of 104 to 

10~ POB/ml (Kadi~ et al., 1999b). Leaf disc bioassay with these concentrations revealed 

the lowest LCso of 4.S5POB/mm2 (CBE isolate) and 6.32 POB/mm2 (BNGL isolate) for 
-~'-

.. second instar larvae while LC50 were 11.55, 29.14 and 61.88 fold higher for early third, 

late·third and fourth instar larvae for eBE isolate and 12.84, 33.77 and 129.27 fold 

. higher for the above instars in the case of BNGL isolate (Table 6). This exhibits the 

variation in the degree of susceptibility of larval instars and comparatively, the fourth 

. instar larvae required higher POB/mt than larvae of the other instars to give 50 per cent 

mortality. Shapiro et al. (1986) reported that as larvae matured, the amount of POB 

required to kill 50 per cent of the test population also increased in the case of gypsy moth. 

Biever and Andrews (1984) recorded a LCso of 1.5xl03 POB/mm2 with Oxford 

isolate of GmNPV against the third instar larvae of P. xy/ostella. In the present study the 
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LCso for P. xylostella were low in the range of 52.57 - 81.12 POB/mm2 (early third) and 

153.64 - 184.16 POB/mm2 (late third instar). From this it is evident that both the 

Coimbatore and Bangalore isolates tested are more virulent than the Oxford strain of 

GmNPV to P. xylostella. 

LCso obtained with these isolates for P. xylastella larval instars corresponding to 

3.88 x lOs to 5.02 X 107 POB/ml are corroborative with the report of Kadir et al. (1999b) 

who determined the LC50 in the range of 3. 7x 106 to 1.2x 1 07 POB/ml for GmNPV against 

P. xy/as/ella larval instal'S fr0111 eight bioassays. In both the dose-mortality assays 

(Table 5 and 6), eBE and BNGL isolates did not differ significantly in their activity 

against P. xylastella larvae. Brown et al. (1981) identified five European isolates of 

M brassicae MNPV with no significant differences in virulence between the isolates 

against M brassicae. Also, Beretta et al. (1988) characterized four geographical isolates 

of S. Jrugiperda but the biological activity of the different isolates did not differ 

significantly against the same. 

5.2.1. Effect of serial-passage of GmNPV in P. xylostella 

Alternate hosts are often less susceptible to heterologous infection (Allaway and 

Payne, 1984). The virulence of baculoviruses can be increased by serial passage in 

homologous or heterologous hosts (Shapiro and 19noffo, 1970; Maleki-Milani and 

Milani-Maleki, 1978; Shapiro et al. 1982; Martignoni and Iwai, 1986). Hence GmNPV 

was serially passaged through P. xylostella larvae subsequently for 15 times to determine 

the increase in virulence, if any, 

Subsequent passages of GmNPV in P. xylostella for 15 times resulted in 

substantial decrease in the LCso by 12.76 fold (Table 7), LCso for early third instar was 

54.84 POB/mm2 at the end of first passage while it was as low as 4.47 POB/mm2 after 

15 successive passages through the same host. There was a sharp decline in LCso by 

4.72 and 10.61 fold after fourth and fifth passages when compared to LCso after third 

passage. LCso in the subsequent passages did not differ significantly. However there was a 

slight increase in LCso at the end of 12 and 13 passages, which may be attributed to the 
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variation in the host insect population tested. This Clearly indicates that GmNPV needs to 

be passaged through P. xy/ostella for a mini,mum of seven times for maximizing the 

virulence against the pest. 

This is in conformity with earlier observations by Kolodny ~ Hirsch and Van Beek 

(1997) that OBS from AcMNPV passaged serially 20 times through P. xy/as/ella were 

approximately 15 times more virulent to second instar P. xy/as/ella larvae than the wild 

type virus. The basis for increased virulence of serially passaged virus is selection of 

genotypic variants characterized by OBs occluding a greater number of virions containing 

fewer nucleocapsids per envelope. OBs with greater number of virions would be expected 

to be more virulent than with fewer virions because there is more number of virus 

particles to initiate infection. It is suggested that virions containing fewer nucleocapsids 

could be more infectious, mainly because they would be more efficient in passing through 

the peritrophic membrane and binding to midgut cells. 

GmNPV isolate used in the present study might have had a similar variation in the 

number of virions per DB and nucleocapsids per virion before (wild type) and after 

passages contributing to the enhancement of virulence against P. xylostella. Besides 

morphologiCal differences, the increased infectivity could be due to (1) the presence of a 

factor affecting infectivity, which is embedded in the OB matrix (Derksen and Granados, 

1988) or (2) 'the speed ofr~lease of virions in the midgut (Ignoffo et al., 1995).· 

5.2.2. Comparison of efficacies of GmNPV and PxGV against"}~ xylostella 

PxGV recorded a lower LCso of.5.32 OB/mm2 than GmNPV (54.84 POB/mm2) 

indicating that PxGV is more virulent than GmNPV to P. xylostella (Table 9). Similar 

observations were also made by Kadir et al. (1999b). LCso corresponding to 4.5 x lOS 

OS/ml observed in the present study is nearly equivalent to the LCso of 5.5 x lOs OB/ml 

recorded for third instar larvae of P. xy/as/ella by the above authors. However, by serially 

passaging GmNPY four times through P. xylostella, LCso of GmNPV was on par with 

that ofPxGV against third instar larvae of P. xy/astella (Table 7). 
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However, OmNPV recorded a lower LTso (133.25 h) than PxGV (157.06 h). This 

corresponds to 5.55 days (GmNPV) and 6.54 days (PxGV). Kadir et al. (1 999b) recorded 

the L T 50 of 4.24 days for GmNPV against neonate larvae of DBM while PxGV had a 

LTso of 5.51 days for third ins tar larvae of DBM. The explanation for high L T 50 of PxGV 

could be that each GV OB is likely to contain only one virion, whereas each NPV OB 

contains many virions which can infect many cells leading to an earlier death of the 

larvae. 

5.2.3. Combination of GmNPV and PxGV against P. xylostella 

Mixtures of GmNPV and PxGV in different ratio viz. LCso: LC25, LC25 : LCso and 

LC25 : LC25 did not produce any synergistic effect as the mortality rates in the combined 

treatments were less than that of the respective individual effects (Table 10). On the 

contrary, synergistic effects of enhancing gene (enhacin) of T.ni GV (Gallo et al., 1991; 

Lepore et al., 1996; Wang and Granados, 1997) and H armigera GV (Whitlock et al., 

1996) on the respective NPV s have been demonstrated. Shapiro (2000) studying the 

effect of two GVs, HaGV and S. frugiperda GV on gypsy moth NPV (LdMNPV) found 

that HaGV reduced the LCso of LdMNPV'while SfGV at a dilution of 10-5 had no effect 

on NPV activity. It was concluded that enhancin or an enhancin like gene may not been 

present in SfGV. The same may be the case with PxGV used in the present study. 

,', It was interesting to note that' the rate of infection in GmNPV treated larva was 

1higher than that of combined treatment or PxGV treatments (Table 10). This is in 
I . -

,accordance with the findings of HunterFujita et al. (1997) that survival of larvae of 

.s. littoralis following mixed infection of GV and NPV was longer than that following 

: infection with NPV alone and, shorter than that following infection with GV alone. 

~ Moreover, the number of individual cells in the larva that become infected at the start of 

,;the infection process will be greater in NPV infected larvae (more virions per OB) and 

:'~herefore the infection will proceed at a greater pace, leading to an earlier death of the 

~arva. 
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5.3. Mass production of GmNPV 

Although susceptible to infection by GmNPV, P. xylostella is not an ideal 

production host because of its small size and low yield of virus (1.01 - 1.30 x 107 

POB/larva). Any insect pathogenic virus for mass production requires a suitable 'host, 

which can give a high yield of POB with good virulence. The host insect should also be 

amenable for economic mass rearing technology. Keeping in view the above facts, 

G. midlonelia producing virulent progeny virus (low LCso: 15-16 POB/mm2), P. ricini 

yielding highest POB/larva (2.19 x 108
) and C. partellus (easy mass rearing technique on 

, artificial diet) were selected for studying the production efficiency. 

In order to standardize the host instar for maxlmlzmg the production, the 

, susceptibility of different instars of these 'three insect species to GmNPV was studied. As 

the neonates of G. l11ellonella are difficult to handle, neonates were excluded from the 

study. Based on' the susceptibility and yield of POB/larva, late third instar larvae of 

G. mel/onella, early fifth instar of P. ricini and fourth instar larvae of C. parte/Ius were 

found to be best for mass production of GmNPV (Table 12). 

The maturation immunity of late instars of G. mellol1ella and C. 'partelll/s 

, observed inthis study is supported by the view of Gitanjali el,al. (2000) that the high 

, level of phenoloxidase activity probably acted as gut barrier to secondary NPV infection 

in late instars of S. lilura. Morobrullah and Nagata (2000) showed development of 

, resistance in orally inoculated mature larvae oLS. lilura to its NPV. However, in the 

present study, the, late instars of P. ricin; larvae were susceptible to 'GmNPV producing 

76.57 per cent mortality. P. ricini, being a voracious feeder, probably ingested more 

quantity of virus resulting in GmNPV infection. 

Furthermore, concentration and time mortality responses of different instars of 

three insect species revealed lowest LCso and L Tso for C. partellus in all the instars tested 

(Table 13, 14). It is obvious that, among the three insect species, C. partel/lis requires the 

lowest concentration of GmNPV to' produce the expected effect and the mortality was 

observed in relatively shorter period than G. mel/onella and P. ricini. These results 
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Suggest that C. partellus larvae are ideal for mass production of GmNPV. In this study, 

GmNPV was found to be more infectious to the heterologous host, C. partellus than the 

homologous host. In general, alternate hosts are often less susceptible, but this is not true 

in all cases as suggested by Allaway and Payne (1984). Dose-time mortality responses of 

different host species to M brassicae NPV revealed that MbNPV was more infective to 

p/usia gamma (LCso: 3.5 OB, LTso: 8.7 days) and Noctua promba (LCso: 10 OB, LTso: 

- 8.7 days) than to M brassicae (LCso: 21 OB, LTso: 9.8 days). 

The production efficiency ratio of GmNPV was highest in G. mellonella larvae 

when compared to the other hosts, P. ricini and C. partellus (Table 12a). This is mainly 

. due to the production of virulent progeny virus after passage of GmNPV through the 

homologous host (0. mellonella). HI.?IlCe, in terms of virulence against P. xylostella 

GmNPV requires more serial passages through P. ricini and C. parlel/us to increase the 

virulence. 

However, high cost of artificial diet of O. mellonella (Rs. 135/kg) and pupal 

diapause and aUergepic indicating setae of P. ricin; make them unsuitable for mass 

production of GmNPV. C. partel/us can be reared throughout the year on inexpensive diet 

(Rs. 20/litre) (Plate 50). Although the virus could be produced in the alternate host, the 

extracted virus must also be virulent for natural host. Shapiro et al. (1982) recommended 

0. .pseudosugala NPV - E. acre a host system for production of OpNPV on the basis of 

both virus yield and activity. Previous studies indicated the production of virulent strains 

of GmNPV upon serial passage through C. partellus. Hence mass production of GmNPV 

using C. partellus larvae as in vivo system on large scale is recommended. 

5.4. Transovarial transmission of GmNPV 

Survivors of late instar larvae of C. binotalis and P. ricini treated with GmNPV 

successfully completed the life-cycle but larval mortality by virosis was observed in the 

subsequent generation. This prompted to study the transmission of GmNPV through eggs 

in these insects. 



Plate 50. Mass culturing of Chilo po(.tellus on semi-synthetic diet 
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Virus treated generation had significantly higher per cent mortality of larvae of 

C. binotalis (92%) and P. ricini (79.8%) than untreated generation (Table 15). Surface 

sterilization of egg/egg masses before hatching ruled out the possibility of transovum 

transmission but confirmed the transovarial transmission of GmNPV. Roegner-Austs 

(1950) observed dissolution of polyhedra in the lymph of B. marl pupa and concluded 

that such freed virus particles could penetrate the eggs in ovaries resulting in transovarial 

transmission. Vail and Gough (1973) detected viral particles in the ovaries of virus 

infected cabbage l?oper larvae. Nair and Jacob (1985) indicated low per cent mortality of 

S. mauritiana by transovarial transmission. The evidence gathered in the present 

investigation with GmNPV substantiated the above findings. 

Moreover, fecundity, hatchability and per cent adult emergence did not differ 

significantly between GmNPV treated and untreated populations. Vertically transmitted 

GmNPV was equally virulent as that of horizontally transmitted GmNPV against 

P. xylostella larvae (Table 16). This is in accordance with the findings of Hamm and 

Young (1974) who observed no adverse effects on mating, oviposition or egg hatch of 

adult H zea fed with PIB. The absence of adverse effects due to feeding PIB on 

fecundity, hatchability, adult emergence and virulence of progeny viruses is an important 

consideration if PIB fed adults are to be released to disseminate the virus in a natural 

popUlation. 

One of the principal methods of dissemination' of insect pathogens is by the 

movement of healthy carriers and infected hosts (Tan ada, 1964). This concept was 

recognized by Knipling (1960), when he suggested the release of insects to spread 

pathogenic organisms as one of four ways to utilize insects for their own destruction. In 

the present study, transovarial transmission of GmNPV was tested as it is more 

advantageous than transovum transmission. In transovum transmission, surface 

contamination of eggs occurs via adults and the persistence of virus inoculum on egg 

surface till consumption by emerging larvae under natural condition is critical. While in 

transovarial transmission, viral inoculum contained within the egg is protected and 

remains active. Transmission of virus through egg provides an economical and self 
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perpetuating method of insect control and knowledge of this mode of transmission of 

GmNPV will'be of much practical utility. 

5.5. Histopathology of GmNPV infection 

Microsections of tissues of P. xylostella, M vitrata and C. partellus revealed the 

susceptibility of different tissues of the insect species for the production of POB of 

GmNPV (Table (7). In P. xylostella the polyhedra were observed on the tissue of fat 

'bodies 4& h post inoculation. The per cent· infection of nuclei of cells increased with 

increase in time and the maximum of 93.28 per cent was witnessed in the sections taken 

, 120 h post inoculation. Virus replication was observed mainly in' fat bodies and 

hypodermis. In the initial stages of infecticm vacoulation and hypertrophied nuclei with 

virogenic stroma were observed. (PlEite 23). The spread of secondary infection in 

hypodermis was noted at the advanced stages of infection (Plate 27). Vail et al. (1973) 

described'large cuboidal polyhedra of AcMNPV in nuclei of the hypodermis, 'tracheal 

matrix and fat body cells of infected larvae of P. xylostel/a. 

In the present study, midgut epithelial tissues of P. xylostella larvae were 

refractive to GmNPV infection (Plate 25). Livingston and Yearian (1972) reported no 

polyhedra formation in the midgut epithelium of P. includens larvae. Tompkins et al. 

, (196?) in a histological study of the T. l1i single embedded virus (SEV), failed to find 

polyhedra inthe midgut cells. However, Vail and Jay (1973) recorded infection of the 

, midgut columnar epithelium by AcNPV in alternate ho-sts. 

Variation in the number of polyhedra per cell in different tissues of three insect 

species tested indirectly indicates the variation in the susceptibility of these species to 

GmNPV. Presence of more number of polyhedra per cell in C. parte/lus than in M v~trata 

explains 'the higher yield in C. partellus . . However the same cannot be explained for 
, . 

P. xylostella larva. In the advanced stages of infection, the spread of secondary infections 

in salivary glands, neural ganglion, tracheal matrix and tissues of imaginal disc were 

observed in C. partellus and M vitrata larvae (Plates 39, 40, 33, 32). C. cautella NPV 

replication in P. il1telpul1ctella occurred in cell nuclei of the hypoderm'is, tracheal matrix, 
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fat body cells, malphighian tubules and in tissue associated with muscles (Hunter et al., 

1973). Histopathology studies aid in the elucidation of rate of infection of GmNPV in 

alternate hosts and by the way confirmed the viral infection by GmNPV in larvae of 

P. xylostella, C. partellus and M vitrata. 

5.6. In vitro studies with GmNPV 

The use of cultured cells for the study of insect viruses has become increasingly 

important as a result of the development of baculovirus expression vectors (BEV). The 

successful replication of nucleopolyhedrosis viruses in insect organ explants or primary 

cell cultures has been documented extensively. Before cell technology can be developed 

as a viable alternative to in vivo production of viral insecticides, the conditions for in vitro 

production must be systematically. evaluated and optimized (McIntosh and Ignoffo, 

1982). One important parameter in this evaluation is selection of a cell line that is a 

producer of virulent, polyhedral inclusion bodies. Hence, in the present investigation four 

different cell lines viz. SIH, SIPG, Sf21 and HaH were compared for their ability to grow 

and replicate GmNPV. 

Among the cell lines tested, Sf21 was the most susceptible with infection range of 

84.12 - 92.99 per cent followed by SIH and SIPG. HaH was least susceptible with 5.32 -

12.07 per cent infection for CBE and BNGL isolates of GmNPV. The yield of POB/ml of 

culture medium had the same trend (Table 19). This in accordance with the findings of 

McIntosh and Ignoffo (1989) that susceptibilitr of cell lines from T.ni, S. jrugiperda, 

H virescens, P. xylostella and A. gemmatalis to AcMNPV varied. Base~ on the virus 

yield, P. xylostella cell line was the best with 1.20 x 108 POB/ml while S. jrugiperda cell 

line recorded a lowest yield of 1.13 x 107 POB/ml. Based on the variation in per cent cell 

infection of PxMNPV, cell lines HsAMI, PxEMI, HVAMI and TNMCL 1 recorded 

highest per cent infection in the range of 82.5 - 98.1 while HZFB 33 had a meagre of 

1.5 per cent infection. 

Moreover, cell lines established from S. litura and H armigera were permissive to 

GmNPV infection while in vivo counterparts were refractive to infection. It is known that 
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under in vitro conditions, viruses are not specific. Cell lines from M brassicae 

(Mitsuhashi, 1981), T ni (McKenna et al. 1988), S. frugiperda (Bonning et al., 1995) and 

H virescens (McIntosh and Ignoffo, 1983) were susceptible to the heterologous virus, 

AcMNPV. Similarly, T. ni, S. fi'ugiperda and M separata cell lines replicated the 

heterologous virus, HaNPV (Qui el al., 1988). These facts widen the scope of using cell 

lines from diverse species for replication of GmNPV. 

Haemolymph source of the virus is also as important criterion as observed with 

the variation in the susceptibility, and yield of GmNPV from four different sources viz., 

C. partellus, P. ricini, M vitrata and H. undalis (Fig 4.). Virus source from C. partelhls 

and P. ricini were more virulent than that of from M vi/rata and H. undalis. The same 

trend was observed with yield of POB/ml. There are no reports so far on this aspect and 

hence further studies on this line are required for selection of insect host with high 

per cent infection and yield of GmNPV. 

Another important aspect of in vitro produced viral insecticides is the proper 

selection of a cell line that will produce a high concentration of occlusion bodies (OBs) 

equivalent in activity to that produced in larvae. GmNPV produced in Sf21 cell line from 

different haemolymph source was compared with the respective in vivo produced 

counterpart. The LCso of in vitro and in vivo produced GmNPV did not differ 

significantly irrespective of the insect source (Table 21). Laboratory bioassays and field 

trials demonstrated that the AcMNPV and TnMNPV produced in cell culture were as 

effective as that produced in larvae (Ignoffo et al., 1974). No significant differences in 

virulence were noted between in vitro and in vivo produced GmNPV against 

G. mellonella (Dougherty et al., 1982). 

Also, the activity of GmNPV produced in different cell lines was on par with that 

of in vivo produced GmNPV against P. xylostella (Table 22). The LCso of GmNPV for 

P. xylostella larvae did not vary significantly between the sources of cell line or larvae. 

Jegan Mohanambal (1998) observed that ICXNPV after passage through HaEI and 

E7 were found to be as virulent as the in vivo produced virus to larvae of H armigera. 
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McKenna et at. (1988) reported that AcMNPV and TnSNPV replicated in the embryonic 

cell line of T. ni were as virulent as the in vivo produced viruses. Passaging AcMNPV 

through the cell line Sf21 and Tn531-4 (Bonning et al., 1995) and IPLB-SF-21, TN-368 

and BCRL. HNU 3 (McIntosh and Ignoffo, 1989) did not change the virulence of the 

virus. Geethalakshmi (2001) observed similar effects with SINPV after passage through 

in vivo and in vitro systems. 

In this study, the GmNPV passaged only once through in vivo and in vitro systems 

were compared. However, serial passages in cell line generate few-polyhedra mutants 

(FP) with reduced activity as observed in GmNPV (Fraser and Hink, 1982b) and in other 

viruses (Brown and Faulkner, 1975; Hink and Strauss, 1976). 

There are several advantages of in vitro systems for production of baculoviruses. 

These include purity of viral preparations, storage for long periods and less labour 

intensive. In vitro system is more flexible, controlled and reproducible. Cost of 

production and generation of FP mutants are major limitations. In the present 

investigation, cells ,with one, two, three or few polyhedra (FP) and cells with more than 

30 polyhedra (MP) of GmNPV were observed even after one passage through the cell 

lines (Plate 51 and 52). Recently Slavicek et al. (2001) identified L. dispar NPV isolate 

(122b) that does not accumulate FP mutants during extended serial passage in cell culture. 

This offers scope for identification of similar strain of GmNPV or cloning of MP mutants 

of GmNPV and for stabilIzed production under in vivo system. 

Besides, cell cultures favour the study of DNA transfection (Smith et al., 1983), 

recombinant DNA experiments (Fraser et at. 1985) and growth of temperature sensitive 

mutants at different temperature regimes (Gorden and Carstens, 1984). Successful 

production of GmNPV in roller bottles on S. Jrugiperda IPL-21 AE cells (Dougherty 

et al., 1982) indioate the possibility of production of GmNPV on a large scale. Highest 

yield of GmNPV (2~2.5 x 108 POB/ml) from Sf21 cell line when compared with the yield 

of AcMNPV and PxNPV in other studies (McIntosh and Ignoffo, 1989; Kariuki et al., 



Plate 51. Few Polyhedra (FP) and Many Polyhedra (MP) 
mutants of GmNPV in Sf21 cell line 

Plate 52. Polyhedra of GmNPV liberated from SIPG cell line 
at 120 h post inoculation 
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2000) indirectly indicates the production of high level of protein. Hence, GmNPV offers a 

wide scope in baculovirus expression vector system. 

5.7. Chitinase activity of GmNPV 

The heterologous hosts died of GmNPV infection showed atypical symptoms of 

disease. Even in the homologous host, G. mellanella, the integument of the cadavers 

remained intact 48 hI's post death and liquefaction of the body contents occurred 

thereafter. Since chitinase enzyme is involved in the degradation of cuticular chitin, the 

main constituent of the integument, the activity was determined for GmNPV in the 

homologous host and a heterologous host, C. partel/us. The activity was compared with 

that of HaNPV and SlNPV which showed typical polyhedrosis against the respective 

pests. 

GmNPV recorded the lowest chitinase activity among the three 

nucleopolyhedrosis viruses tested (Fig 5.). The activity measured in terms of N-acetyl 

glucosamine released (j.!g/g/h) was highest with HaNPV followed by SINPV. However, 

the activity was on par after 168 h post treatment for both the viruses. Though SINPV 

recorded a lower chitinase activity, the liquefaction of body contents of S. lifura larvae 

occurred soon after the death. This may be due to the thin integument with less amount of 

chitin. H. arm/gem larvae with thick and tough integument probably require more 

quantity of chitinase to degrade the chitin. 

The same can be argued for GmNPV where liquefaction of the homologous host, 

G. mellonella with a thin skin, occurs at a faster pace than the heterologous host. In the 

heterologous host, the chitinase activity did not reach the levels as observed in 

G. mellanella and it was nearly half the level at the end of each observation. The chitinase 

activity of GmNPV being lowest could be attributed for the atypical symptoms in 

C. parfellus and delayed rupture of body wall in G. mellanella. 

Tanada (1954) showed that the pathology produced by NPV isolated from 

Pieris rapae was atypical in an alternate host, C. eurytheme. Passage of A. gemmatalis 
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NPV through S. exigua, T. ni, H zea, P. indudens, S. jrugiperda including A. gemmatalis 

produced non-wilt symptom wherein the integument remained intact in all the respective 

inoculated larvae. These studies substantiate the finding that passage of NPV through 

alternate hosts results in. change in the virus chitinase activity exhibiting atypical diseased 

symptom of cadavers. 

The gene responsible for chitinase enzyme has been characterized in the NPV 

genome of A. cali/arnica, B. mori and H cunea (Gong-ChengLiong et al., 1999) and 

C. pomonella granulosis virus (Kang-Wonkyug, et al. 1998). Recently, the chitinase of 

NPV has become the molecule of interest in many genetic engineering studies. 

Baculoviruses serve as the chief expression vector system in these studies. 

Gopalakrishnan et al. (1995) constructed a recombinant AcMNPV encoding 1.8 kb DNA 

fragment of M sexta chitinase. Insect cell line infected with the recombinant baculovirus 

expressed M sexfa chitinase and was effective against S. jrugiperda with a shorter L T so. 

Similar technology was used to construct transgenic plants expressing M sexta 

chitinase protein via recombinant Agrobacterium strain. The transgenic tobacco plant 

suffered less tissue damage and inhibited the larval growth of M sexta. 

8hi et al. (2000) developed transgenic tobacco cultivars expressing AcMNPV 

derived chitinase gene. These cultivars were found to be resistant to brown spot caused by 

Alternaria alternata. Chitinase gene from HaNPV and 8lNPV encoding for high chitinase 

activity can be used in the development transgenic plant with disease and insect 

resistance. 

Chitinase eDNA from S. litura was cloned usmg a recombinant baculovirus 

lacking the virus-encoded chitinase gene and the recombinant protein named 'Sichi' was 

characterized (Shinoda et al., 2001). Moreover, active chitinase encoded in H. cunea 

NPV was cloned in this recombinant virus to enhance the chitinolytic activity. In the 

present study, GmNPV with a low chitinase activity is of least significance in its 

biological activity. Hence the chitinase gene in GmNPV can be replaced by a high 
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chitinase expression gene either from an insect or another NPV like HaNPV or SINPV 

with high chitinase activity. Such recombinants would shorten the LT 50 of GmNPV 

against the pest and make them more effective in the field. 

5.8. Persistence of GmNPV 

One of the drawbacks of the use of entomopathogenic' viruses is their relative 

sensitivity to UV light. Insect viruses are known to be inactivated by solar radiation 

(Bullock, 1967; Cantwell, 1967; Morris, 1971; Smirnoff, 1972). Inactivation of insect 

. viruses by radiation has important consequences in terms of their effectiveness as 

microbial insecticides (Burges and Hussey, 1971; DeBach, 1964; Stairs, 1972). Although 

the predominant type of radiation penetrating the atmospheric ozone of the earth occurs in 

the near UV range·(3000.;3800 A),' a significant amount of far UV radiation (l900~3000 A) 

may periodically reach the surface of the earth (Barker, 1968). Hence an attempt was 

made to study the effect of UV light by exposing GmNPV to sunlight continuously for a 

period of time. 

The persistence of GmNPV decreased considerably with increase in exposure time 
. . ' 

, to sunlight. It persisted for 6 days with 50 per cent loss in activity at the end of 2 days of 

, exposure (Table 24). Witt and Stairs (1975) showed that NPY of G. mellonella was 

inactivated by exposure to both UV and near UV radiation. El~Nagar el al. (1980) 

reported that the per cent originally activity remaining (OAR) of purified S. liltol'Cllis 

NPV on cotton plants was44 per cent after one day of exposure. 

Carter (1984) suggested that viral isolates with high resistance to UV inactivation 

,can be developed by manipulation' of the existing isolate. In the present study, se.lection of 

" UV tplerance by' passaging the persisted virus serially through the host and exposing the 

progeny ~irus to sunlight to extended period was attempted. The persistence of GmNPV 

could' not be enhanced by serial passages and exposures to sunlight as the per cent OAR 

was on par even after five serial passages (Fig. 6). This is in conformity with the result 

, obtained by Witt and Hink (1979). Repeated 'selection treatment did not yield AcMNPV 
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with increased resistance to UV radiation. Moreover the virulence of the virus after 

selection was significantly reduced in comparison with that of wild virus. 

Several factors have been identified for the mechanism of inactivation of NPV s by 

sunlight. Sunlight generates highly active radicals (e.g. peroxides, singlet oxygen, 

hydroxyls) which are involved in degradation of baculoviruses (Ignoffo and Garcia, 

1994). Pyrimidine dimers are the major factors responsible for inactivation of virus by 

UV radiation. If other photolesions occur, they are irreparable accounting for the 

inactivation ofvinls. 

Witt (1984) developed photoreactivation and ultra violet ~ enhanced reactivation 

of UV irradiated NPV by insect cells. GmNPV cultured in TN ~ 368 cells when exposed 

to white fluorescent and black light or to far UV radiation restored significantly the 

infectious capacity of UV ~ irradiated virions of GmNPV. Since repeated passage and 

exposure failed to select UV tolerant strain of GmNPV in the present study, the above 

methodology can be adopted. 

Temperature effects on baculoviruses are not as important as solar radiation, but 

they can affect the success of applied viruses by increasing the lethal time of the virus and 

by inhibiting the infection at low or high temperatures. Inhibition of viral replication has 

been demonstrated in some insects, such as GV of P. rapae (36°C), NPV of T. ni (39°C) 

(Tanada, 1963), the NPV of H. zea (40°C) _(Ignoffo and Couch, 1981) and NPV of 

A. gemmatalis (10~400C) (Johnson et al., 1982). Thepresent study revealed the negative 

correlation between maximum temperature, solar radiation and per cent mortality of 

P. xylostella larvae by GmNPV (Table 27). However there existed a positive correlation 

between relative humidity at 14.30 h and per cent mortality of P. xylostella larvae by 

GmNPV. These findings are corroborative with the result of Moawad (1986) that high 

relative humidity resulted in a high percentage of mortality of S. lit/oralis by its NPV. 

The persistence of GmNPV was highest in the month of October, November and 

December with low maximum temperature (26.2 ~ 31°C), low solar radiation (225.7 ~ 
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358.8 calories/m2) and high relative humidity (68.8 - 83.8%) while the persistence of 

GmNPV was lowest in the month of February and April when a higher maximum 

temperature, solar radiation and low RH prevailed. Manjunath and Mathad (1981) 

reported that the reduction in virus infectivity of NPV of M separata was more rapid in 

summer than in winter which was in conformity with the results obtained in the present 

study. 

Many substances like uric acid, folic acid, Tinopal DeS, dyes have been tested as 

sunscreening agents to extend viral activity in the field (Jaques, 1985; Shapiro, 1995). 

Recently research with fldurescent brighteners of the stilbene group showed that they are 

efficient protectants of baculoviruses against solar radiation as they absorb UV radiation 

(Shapiro and Hamm, 1999; Farrar arid' Ridgway, 2000; Young, 2001). 

Several other protectants advocated were copper ammonium nitrate, copper 

sulfate (Arivudainambi et al., 2000), robin blue (Reddy et cd., 2001) lampblack, 

typtophan, lyrosine (Sairabanu, 2000) for NPVs and GVs. This offers scope for 

enhancing the persistence of GmNPV under field conditions particularly in the months of 

January-April by adding UV protectants. 

5.9. Field efficacy of GmNPV 

Normally NPVs are used in the dose range of 1.5 - 3.0 x 1012 POBlha under field 

conditions (Geetha, 1997; Subramanian, 1998; Sathiah, 2000). Being a heterologous 

infection and based on the laboratory experime~t results, GmNPV was used in the high 

dose range of 1.88 - 7.50 x 10 13 POB/ha against P. xylostella on cauliflower in the present 

study. 

The results of the field trial indicated that the chemical insecticide indoxacarb was 

the most effective with a 'total reduction of 73.91 per cent in larval population over 

control after four rounds of sprays (Table 30). The efficacy of chemical insecticide can be 

attributed to its quick knock down effect. Rajagopalbabu (2001) reported that indoxacarb 

was one among the best treatment against P. xylostella in field. GmNPV @ 7.5 x 1013 
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POBlha stood next and was as effective as PxGV applied @ 1.5 x 1013 POB/ha. The 

subsequent doses of GmNPV (1.88 x 10 13 and 3.75 x 10 13 POB/ha) were on par with B.t. 

In all the virus treatment, a total reduction of 60-75 per cent of larval population over 

control was observed at the end of four subsequent days at eight day intervals (Fig 7.). 

This proves that GmNPV is effective under field conditions against P. xylostella. 

Though GmNPV is persistent for 6 days under natural condition, spraying was 

done at 8 days ihterval to cover the period from primordial initiation to heading stages of 

cauliflower where the peak incidence of p, xylostella occurs. B, t. was found to be 

effective only upto four days after spray and the larval population increased six days after 

each spray. Kreig et ai, (1981) demonstrated that inactivation by short wave and long 

wave UV radiation was higher in B.t; than NPV. Hence it can be presumed that poor 

persistence of B.t on cauliflower foliage reflected in the less efficacy of B.t. than GmNPV 

and PxGV in the present study. The order of efficacy of treatments did not vary at the end 

of each spray. 

The efficacies of above treatments followed the same order as those on the larval 

population of C. binotalis. The plots treated with GmNPV @ 7.5 x 10 13 POB/ha recorded 

the lowest population of C. bino/alis and it was equivalent to that of indoxacarb 

(Table 31). G~NPV applied at the rate of 1.88 - 3.75 x 1013 POB/ha was more effective 

than B,t, However, the larval population of C. bino/a/is treated with PxGV @ 1.5 x 1013 

OB/ha was on par with control. As PxGV is highly host specific, it was not effective in 

checking the larval population of C, binotaiis, Kadir et al. (1999b) reported that neonate 

larvae of C. binotalis were more susceptible to GmNPV than those of P. xy/oslella. This 

substantiates the results in the present study that the effect of GmNPV at highest dose is 

comparable with that of chemical insecticide. 

There are no reports on the field efficacy of GmNPV in the control of crop pests 

except the one by Dougherty ef al. (1982). The authors have used GmNPV for the 

management of G. mellonella by spraying on bee hives under field conditions. 
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The yield of cauliflower was highest in indoxacarb treated plots (26.64 t/ha). 

Though GmNPV (7.5 x 1013 POB/ha) and PxGV were equally effective in reducing the 

larval population of P. xylostella, the yield from PxGV treated plots was less than those 

treated with GmNPV (Fig 8.). This may be due to the inefficacy of PxGV against 

C. hinotalis larvae which were found in' appreciable levels in the field and have caused 

high damage to the flower heads in PxGV treated plots. 

Field studies indicate that GmNPV @ 7.5 x 1013 POB/ha was as effective as 

PxGV against P.xylostel/'a. GmNPV has an added advantage over PxGV that it is highly 

effective against C. binota/is also. Moreover addition of UV protectants like the stilbene ' 

compounds may improve the efficacy of GmNPV against lepidopteran pest complex of 

crucifers under field conditions. 

5.10. Safety of GmNPV to non-target organisms 

Being a virus with a broad host range, it becomes mandatory to test the safety of 

GmNPV to non-target organisms. In the present study, both CBE and BNGL isolates of 
, ' 

GmNPV were' found to be safe to the egg parasitoid Trichogmmma chi/ollis by egg 
, , 

treatment. Rate of parasitization, adult emergence, adult duration and total life cycle of 

treated and untreated population did not differ significantly (Tables 33 and 34). Treatment 

of f. chikmis aqults by oral feeding confirmed the safety of GmNPV. Safety of 

baculoviruses to r. chilonis has been already reported by Ethiraju (1986), Muthiah (1988) 

and Maheshbabu (1991) .. ' 

The biological attributes like hatchability, larval period, per ,cent pupation and 

adult emergence of the predator Chrysoperla carnea did not vary when fed with eggs 

',treated with. GmNPV (Table 35).' Thus GmNPV has been proved to be innocuous to C. 

carne~. Mortality of 8-10 per' cent of grubs' in virus treatment may be due to stress 
. . . . 

. induced during the treatment. Earli.er studies with other NPVs for their safety to C. carnea 

(Maheshbabu, 1991; Heinz el al., 1995; Thennarasan, 1997; Geetha, 1997) had also 

proved that NPVs are non-infectious to Neuropterans. 

,,' , Five hybrids and one cross races of B. mori were te,sted for their susceptibility to 

GmNPV. All the five hybrid races viz., TN white, AE 40032 Mysl, Pure Mysore and Thai 
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were resistant to GmNPV infection. The larval weight, durati~n of life stages, cocoon 

weight and adult emergence were normal (Table 36). However, a mortality of 

26.70 per cent of larvae of cross race, CSRI 4 x 2 was observed. The virus extracted from 

· cadavers was confirmed as BmNPV by physical examination. The inoculation of GmNPV 

probabiy had triggered the latent expression of BmNPV in this race. Application of an 

alien NPV in a host may activate an inapparent infection of an NPV native in that host 

(Burges el al., 1980). Also, Rabindra et al. (1 998a) showed that inoculation of GmNPV in 

H. armigera triggered the latent expression ofHaNPV. 

GmNPV did not induce infection in honey bees viz., A. melli/era,' A. cerana 

· indica, A.f/orea and T. iridipennis. The mortality rates of virus treated and untreated bees 

were on par and the mean number of days of survival also did not vary (Table 37). The 

· NPV of M. hrassicae had no harmful effect on the honeybees (Groner et al., 1978). No 

abnormal and significant effects were observed with GVs of C. injuscalellus and 

. C. sacchariphagus indicus by cage experiment (Easwaramoorthy and Jayaraj, 1987) 

Safety tests of biological organisms. have become necessary for development and 

registration of biopesticides. The innocuous nature of GmNPV to non-target beneficial 

organisms like parasitoids, predators, silkworm and honeybees is reassuring its 

commercial exploitation for pest management 

The present investigation revealed the wider host range of GmNPV. Laboratory 

and field tests have proved the susceptibility of the lepidopteran pest complex of crucifers 

viz. P. xyloslella, C. hil1olalis, H. undalis and S. exigua to GmNPY. This may be of 

considerable value in situations where a complex of lepidopterous pests occurs on 

cruciferous crops. Moreover, the ability of GmNPV to infect several lepidopterous pest 

species of the same crop could increase its ability to maintain itself within the 

lepidopteran population complex and cause. natural epizootics. Therefore GmNPV would 

be an ideal candidate against the lepidopteran pests of cruciferous crops. 

The key pests of sugarcane viz. C. injuscatellus and C. sacchariphagus indicus 

Were found to be susceptible to GmNPY. Though there are reports of granulosis virus 
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infections in these pests, difficulty in mass culturing the borers under laboratory 

conditions hampers the economical production of GV s, which are highly host specific. On 

the other hand, GmNPY can be mass produced economically in C. parte/llls, as evidenced 

in the present study, and this would be of greater significance for use against these pests 

in the sugarcane ecosystem. Also, there are no reports on the viral infection of 

lepidopteran pest complex of rice ecosystem. There are several lepidopteran pests like 

stem borers, horned caterpillar, skipper, case worm, armyworm and cutworms besides the 

GmNPV susceptible leaf folder complex. The cross-infection of GmNPV to these pests 

"needs to be tested by experimentation. The same can be extended to the pests of pulses 

where GmNPV Is infectious to spotted pod borer and plume'moth. 

,/ , 

Based on the results of the present investigation the following are the future lines 

, of research: 

I, Cross-infectivity tests on other lepidopteran pests that produce more and, high 

yield of polyhedra per larva 

'2. Characterization of chitinase gene of GmNPV, cloning of hyperactive chitinase 

genes either from insects or other baculoviruses like HaNPV and SINPV. 

J: Cloning of small POB from a cell line and passages through in vivo for the 

development of a strain of GmNPV that produce small an~ many polyhedra. 

4. Development ofIPM module with GmNPV as a component against insect pests of 
, ' 

different crop ecosystems viz. crucifer, sugarcane, rice and pulses. 

The inherent characteristics of GmNPV viz, the wide host· range, mcrease m 

virulence' by . serial passages, capacity to replicate in cell lines, amenability to 

economic mass production in C. partellus larvae, ability to transmit transovarially and 

: to ",persist on phyllosphere, potentiality to reduce larval populations under field 

conditions and ,safety to non-target organisms, make, it a potential candidate for 

development as bioinsecticide for use against several economically' jmportant 

h~pidopteran pests in different crops. 
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Chapter VI 

SUMMARY 

Laboratory and field investigations were carried out to explore the 

potential of GmNPV as a microbial insecticide against important pests of crops 

with special focus on the pests of cauliflower. Safety of the virus to silkworm, 

honeybees and entomophages was also studied. The results of the findings are 

summarized below: 

1. GmNPV was cross-infective to C. binotaiis, H undalis, S. exigua, C. partel/us, 

C. iY!fuscatellus, C. sacchariphagus indicus, P. ricini, E. merione, M vitrala, 

E. alamosa, C. medinaiis, ~M . palnaZis, 0. arenosella, A. a/bistriga and 

D. puiverulentalis, besides P. xylostella. Insect species like H. armigera, S. Ii/ura, 

~. vittella, A. peponis, M separata, B. mori, A. janara, E. malli/era, 

N geometralis, D. indica, P. zizyphi, H puera, E. macheralis, C. cephalonica and 

A. ipsilon were not susceptible to GmNPV infection. The cross- infectivity tests 

reveal the br0ader host range of GmNPV and its infection in 14 insect species are 

reported for the first time. 

2. The cross-infectivity of GmNPV was confirmed in P. xy/as/ella, M vi/rata, 

H undalis, P. ricini, C. partellus, C. infuscatellus and D. pulverulentalis by 

restriction endonuclease (REN) analysis of OmNPV DNA before and after 

passage through alternate hosts. In the insect species with insufficient DNA for 

REN analysis because of poor yield/ larva, cross-infectivity was confirmed by 

reciprocal inoculation studies. Thus DNA characterization studies unequivocally 

confirm the GmNPV infection in these insects. 
\ 

3. C. infilscatellus was the most susceptible alternate host and S. exigua was the least 

susceptible host to GmNPV. The yield of GmNPV was highest in P. ricini larvae 

and lowest in 0. arenosella larvae. eBB isolate waS more virulent than BNOL 

isolate against H undalis, C. partellus, M vitrata, P. ricini and C. infuscatellus. 

This study indicates the variation in the susceptibility of alternate hosts to the 

heterologous GmNPV infection. 
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4. Serial passages of GmNPV through alternate hosts like P. xylos/ella, C. bino/alis, 

P. ricin', H. undo/is, M. vitrata, C. injuscatellus, C. partellus, C. sacchariphaglls 

indiclls and homologous host, G. mellonella for five times decreased LCso of 

GmNPV against P. xylos/ella. The reduction was significant by 6.84 fold in 

passages through the same host, P. xy/ostella. Hence, GmNPV requires serial 

passages through the homologous or heterologous hosts to be more virulent 

against P. xy/os/ella. 

5. Second, third and fourth instar larvae of P. xy/ostella were susceptible to CBE and 

BNGL isolates of GmNPV with no variation in the virulence between the isolates. 

LCso for second instar larvae was in the range of 4.55~ 6.~2 POB/mm2 while third 

and fourth instars had 11.55 and 129.27 fold higher LCso for CBE isolate. More 

than 50 per cent mortality of early third instar larvae was recorded with a dose of 

46.79 POB/mm2 of GmNPV. GmNPV was found to be effective against all the 

larval stages of P. xy/as/ella. 

6. The median lethal concentration of GmNPV against P. xy/as/ella larvae decreased 

by 12.76 fold when serially passaged through P. xy/astella larvae for 15 times, 

while LTso did not change upon passages. Though GmNPV recorded 10.31 fold 

high LC50 for P. xy/astella than PxGV, L T 50 was short by 23.31 h. LCso of 

GmNPV was comparable with that of PxGV after four subsequent passages in 

P. xy/astella. The combination of GmNPV and PxGV did not have any synergistic 

effect on P. xylastella larvae. Serial passages of GmNPV through P. xy/astella 

larvae aids in the isohition of virulent strains of the virus for use against the pest. 

7. Whole diet contamination method with 100 Il.l of GmNPV suspension (2xl07 

POB/ml) in 1.0 g of artificial diet was found to be the best method for mass 

production of GmNPV in G. mellonella larvae. The yield of POB/larva of CBE 

isolate of GmNPV was 10 fold higher than that ofBNGL isolate. 

8. Fourth instar lar'vae of C partellus was found to be the suitable host for mass 

production of GmNPV with high mortality (81.82-83.03%) and yield (2.82-

2.91x10B POBllarva) and ease of mass culturing on inexpensive semi-synthetic 

diet. Other hosts studied viz., G. mellanella and P. ricini were found unsuitable 

.because of the presence of maturation immunity and allergenic urticating setae 
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respectively. This imparts .the importance of selection of suitable host for mass 

production of GmNPV with high susceptibility, good yield of POB and economic 

mass culturing technology. 

9. Transovarial transmission of GmNPV determined in C. hino/a/is and P. ricini did 

not affect the fecundity, hatchability, and adult emergence of the treated 

'generations. The horizontally and vertically transmitted GmNPV did not vary in 

their activity against P. xylostelJa larvae. Thus, transmission of virus through eggs 

provides an economical and, self-perpetuating method of ipsect control. 

10. Passage of GmNPV through alternate hosts influenced the morphometries of 

GmNPV as revealed by decrease in size of polyhedra when' compared to that of 

passages through homologous host. 

11. Histopathology studies confirmed the GmNPV replication in' fat body tissues of 

P. xyk),'~t(.llla, C. partellus and M vitrata during the initial stages of infection and 

in hypodermal cells, tracheal tissue matrix, salivary glands, ganglion and imaginal 

, disc at the advanced stages of infection. Variations i'n the rate of infection of host 

tissues were observed among the three insects. Microsections of different tissues 

, 'of insect species elucidate the course of GmNPV infection. 

"Ii In vitro studies revealed the permissibility of cell lines viz. SlH, SlPG, Sf21 and 

BaH to GmNPV infection. Sf21 cell line was the most susceptible with high per 

cent infection and yield of POB/ml of culture medium while HaH was the least 

susceptible cell line. The virions from C. partellus were more virulent than virions 

from P.' ricini, M vitrata and H. 1Inda/is. The in vitro and in vivo produced 

GmNPV did not differ in their activity against P. xy/oste//a larvae irrespective of 

inoculum from haemoJymph or cell lines. Selection of virulent haemolymph 

source and cell line supporting the maximum polyhedra production is of great 

economic significance in the baculovirus expression vector system studies. 

13., GmNPV recorded the lowest chitinase activity when compared to HaNPV and 

SINPV attributing to the atypical symptoms of disease. Between the homologous 

(G. meJloneJla) and heterologous host (c. partellus), the chitinase level was higher 

in the former than the latter at the end of each observation period. Determination 
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of chitinase level of GmNPV explores the possibility of future cloning studies 

with this virus. 

14. The persistence of GmNPV on cauliflower phyllosphere under natural conditions 

was six days post exposure to sunlight. Subsequent passages of persisted virus and 

exposure to sunlight did not enhance the persistence of GmNPV. The persistence 

of GmNPV was positively correlated with relative humidity at 14.30 hand 

negatively correlated with maximum temperature and solar radiation. This study 

shows the significance of microclimatic weather parameters on the persistence of 

GmNPV. Application of GmNPV @ 5xl 07 POB/ml caused more than 50 per cent 

mortality of lepidopteran pest complex of crucifers viz., P. xylostella, C. binotali.l· 

and H. unda/i.l· in pot culture assays. 

15. GmNPV @ 7.5xl0 13 POB/ha was found to be the most effective in debilitating the 

larval population of P. xylostella and C. binotalis under field conditions. GmNPV 

at this dose performed better than B. t. but only next to the chemical insecticide, 

indoxacarb for P. xylostella while it was equivalent to the effect of chemical 

insecticide in the case of C. binotalis. The yield of cauliflower heads was highest 

in indoxacarb treated plots followed by that of GmNPV treatments. Four rounds 

of GmNPV spray at eight day intervals commencing from 60 DA T were required. 

Thus GmNPV was found to be effective in reducing the larval population of 

P. xylostella and C. binotalis on cauliflower under field conditions. 

16. The innocllous nature of GmNPV to natural enemies and beneficial organisms 

was ascertained by safety tests with T. chi/onis, C. carnea, four species of honey 

bees and six different races of B. mori. Safety of GmNPV to non-target organisms 

gives assurance for developing it as a bioinsecticide for use against several 

economically important crop pests. 
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Jlppendices 



Fraction A: 

Wheat flour 200g 

Corn flour .. 400g 

Wheat germ 200g 

Appendix I 

Semi-synthethic diets 

Galleria mellon ella (Singh, 1994) 

Fraction B 

Honey 

Glycerol 

375 m) 

375 ml 

Milk powder 200g. 

Yeast. 100g 

Mix fraction A and B separately and blend together into a dough. 

Fraction A 

Water 

Chickpea flour . 

Yeast' 

Sorbic acid 

Vitamin E 

Chilo partellus (Sharma et al. 1994) 

: 2000 ml 

: 438.4 g 

: 32.0 g 

: 4.0g 

: 4.6g 

Fraction B 

Agar-agar 

Water 

Formaldehyde (40%) 

Methyl p-hydroxy benzoate :·6.4 g 

Ascorbic acid .. 

Sorghum leaf powder 

10.4 g 

160.0 g • 

40.8 g 

1600 ml 

3.2 ml 

~lend A without sorghum leaf po~der. For I min soak sorghum leaf powder in 

70°C water. Boil agar for 2 min., cool, add formaldehyde and A. Blend for 3 min. 300g 

diet - 1 lit plastic jar. 



Maruca vitrata/Agrotis ipsiloniHelicoverpa armigerai 

!>j'pot/optera lituralExe/astis atomosalMytltimna separata (Singh, 1994) 

Chickpea seeds (White kabuli) 100.00g 

Distilled water 400.00ml 

Agar ,agar 12.80g 

Distilled water 400.00ml 

Methy p hydroxy benzoate 2.00g 

Sorbic acid 1.00g 

Wesson's salt 7.20g 

Carbendazim 0.50g 

Formaledhyde 40% I.OOml 

Yeast (Brewer's) 30.00g 

Choline chloride 10% 7.20ml 

Vitamin (ABDEC) 2.00ml 

Ascorbic acid 3.20g 

Streptomycin sulphate 0.04g 

,,-I 

i " 



Appendix II 

Buffers for restriction endonucleases 

PRODUCT: PROMEGA 

Pst I, Buffer H 

BamH I, Buffer E 

10 mM Tris-HCl pH 7.4, 50 mM NaCl, 0.1 roM EDTA, 1 

mM DIT,. 0.15% Triton x 100, 0.5 mg/ml BSA, 50% 

glycerol 

10 mM Tris-HCl pH 7.4, 300 mM KCI, 0.1 mM EDTA, 1 

mM DIT, 5 mg/ml BSA, 50% glycerol 



Appendix III 

Head capsule width 

Instar 
Width of the head capsule (~) ± S.E. * 

G. mellon ella P. ricini C. partellus 

II 64.4 ± 1.54 191.82 ± 1.56 87.40 ± 0.86 

Early III 100.74 ± 2.52 243.80 ± 1.14 105.34 ± 1.20 

Late III 120.98 ± 1.02 262.20 ± 3.98 129.26 ± 0.73 

Early IV 159.36 ± 3.56 354.60 ± 5.45 145.82 ± 1.47 

Late IV 184.00 ± 2.74 409.20 ± 2.96 163.18 ± 2.34 

Early V 223.62 ± 1.23 424.00 ± 7.85 196.88 ± 2.69 

* Mean of 30 observations 



Appendix IV 

Reagents for chitinase assay 

1. 1M CH3COONa buffer pH 4.0 

Fourty one ml of 1 M CH3COO and 9 ml of 1 M CH3COONa are added to make 

50 mI of 0.2 M buffer. From this stock, the buffer of 1 M concentration was made. 

2. 1M potassium phosphate buffer, pH 7.1 

Thirty five ml of 0.2 M KOH and 15 ml of 0.2 M KHlP04 are added and the 

volume is made upto 100 ml to arrive 0.1 M of potassium phosphate buffer. 

3. O.05M Na~borat,e buffer, pH 9.8 

Fifty·ml of 0.05 M borax and 34 ml of 0.2 N NaOH are added and the volume is 

made t6 200 ml to arrive 0.05 M borate buffer. 

4. Colloidal chitin substrate: 10 mg/ml . 



Appendix V-A 

Molecular weights (Kbp) of GmNPV DNA fragments 

Restriction endonuclease analysis - Pst I 

Fragment 
Lane 1 

number 

1 25.13 

2 21.52 

3 19.11 

4 12.86 

5 10.67 

6 9.56 

7 7.48 

8 5.13 

9 2.89 

10 2.46 

116.82 

Lane 1 - inoculated virus of GmNPV 

Lane 2 - progeny virus from P. xylostella 

Lane 3 - progeny virus from M . vitrata 

Lane 2 Lane 3 

25.13 25.13 

21.52 21.52 

19.11 19.11 

17.08 12.86 

10.67 10.67 

9.56 9.56 

7.48 7.48 

5.13 5.13 

2.89 2.89 

2.46 2.46 

121.04 116.82 



Appendix V-B 

Restriction endonuclease analysis - Pst I 

Fragment 
Lane 1 Lane 2 Lane 3 

number 

1 25.47 25.47 25.47 

2 21.93 21.93 21.93 

3 17.13 17.13 17.13 

4 13.39 13.39 ... 13.39 . ' 

5 10.48 10.48 10.48 

6 9.08 9.08 9.08 

7 7.34 7.34 7.34 

8 5.53 5.53 5.53 

9 2.85 2.85 2.85 

10 2.76 2.76 2.76 

115.96 115.96 115.96 

Lane 1 - progeny virus from C. binotalis 

Lane 2 - progeny virus from P. ricini. 

Lane 3 - progeny virus from H undalis 

Lane 4 - progeny virus from C. infuscatellus 

Lane 5 - progeny virus from C. partellus 

Lane 6 - inoculated virus of GmNPV 

Lane 4 LaneS 

25.47 25.47 

21.93 21.93 

17.13 17.13 

13.39 13.39 

10.48 10.48 

9.08 9.08 

7.34 7.34 

5.53 5.53 

2.85 2.85 

2.76 2.76 

115.96 115.96 

Lane 6 

25.12 

21.46 

16.58 

11.86 

10.02 

8.72 

7.23 

5.26 

2.75 

2.62 

111.62 



Appendix V-C 

Restriction endonuclease analysis - BamH I 

Fragment 
Lane 1 Lane 2 

number 

1 20.96 20.96 

2 10.50 10.50 
. 

3 9.18 9.18 

4 8.61 8.61 

5 5.39 5.39 

6 4.96 4.96 

7 2.60 2.60 

62.1ll 62.10 

Lane 1 - inoculated virus of GmNPV 

Lane 2 - progeny virus fromD. pulverulentalis 
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