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Introduction

Baculoviruses have potential to be used as microbial

control agents against lepidopteran pests due to their

high pathogenicity, environmental stability, biosafety

and host specificity. They comprise a large family of

insect specific DNA viruses, divided into two genera,

nucleopolyhedrovirus (NPV) and granulovirus (GV)

(Moscardi 1999; Blissard et al. 2000) based on occlu-

sion body (OBs) morphology. Baculoviruses have a

long history as effective and environmentally benign

insect control agents in field crops, vegetables, for-

ests, and pastures (Moscardi 1999). Although much

is known about the genetics of baculoviruses (Her-

niou et al. 2003), very little is known about their

ecology and epidemiology, in particular their trans-

mission which is the key to their persistence in the

environment (Cory and Myers 2003). Vertical trans-

mission or parent to offspring passage of a patho-

genic microorganism is a phenomenon commonly

observed with insect viruses. This type of virus trans-

mission produces sublethal effects which could be

extremely important from a pest control perspective

as they offer a density-independent mechanism for

retaining the virus within the pest population when

numbers are low, as well as providing additional

control benefits in terms of reduced host fitness

(Rothman and Myers 1996). Vertical transmission of

insect pathogens generally is not critical for main-

taining their populations in nature nor does it corre-

late with disease prevalence (Fine 1984; Andreadis

1987) but rather it functions to transport these

pathogens in the ecosystem and provide foci of new

infections (Fuxa et al. 1992; Fuxa and Richter 1993).
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Abstract

A strain of granulosis virus from Pieris brassicae (Linn.) was isolated and

characterized from the dry temperate region of Himachal Pradesh, India

situated at an altitude of 2580 m above msl. The pest appears in the

region during the summer months (May to September) and overwinters

as pupae during the snow covered winter months. Carry over of virus

inoculum as sublethal infections, could be an important mechanism for

next season epidemics in the region. Effect of sublethal P. brassicae gran-

ulovirus infection on its host was therefore studied to understand the

transmission mechanism. The third instar larvae were exposed to suble-

thal viral infection. The surviving larvae showed symptoms of virosis in

the pupal and adult stages. The per cent pupation and adult emergence

of sublethally infected larvae were significantly reduced and no adult

emerged from the abnormal pupae. The mode of transmission of viruses

from parents to offspring appeared to be through eggs (transovum). The

emerging larvae from the eggs laid by treated females also showed

symptoms of virosis. Complete mortality due to viral infection was

observed at third instar stage in the offspring (F1). The amplification of

granulin gene using specific primer also showed the presence of virus in

F1 progenies of sublethally treated P. brassicae larvae, hence confirming

vertical transmission.
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Recently, a granulosis virus of Pieris brassicae (PbGV)

has been isolated and characterized from the temper-

ate region (situated at an altitude of 2590 m above

msl, 31�25¢56¢¢ N latitude and 78�15¢4¢¢ E longitudes)

of Himachal Pradesh and its pathogenecity against the

pest has been proved (Sood 2004). Before this virus is

exploited for the management of P. brassicae, there is a

need to generate information on its ecology, epidemi-

ology, transmission, etc. The present study was there-

fore conceptualized to study the effect of sublethal

PbGV infection on its host and the transmission of the

virus to the next generation. The study will be helpful

for not only in effective management of the pest but

also in understanding viral persistence in the absence

of active host.

Material and methods

Rearing of experimental insect

The initial culture of P. brassicae was started from

field collected eggs. The eggs were kept in sterilized

Petri-plates (7.5 cm diameter) over a UV irradiated

filter paper moistened with sterile distilled water

(SDW) to prevent desiccation under laboratory con-

ditions (Temp. 25 � 2�C and RH 75–80%). Newly

hatched larvae were transferred to fresh cabbage

leaves surface sterilized with aqueous solution of

sodium hypochlorite (0.05%) followed by three

washings with SDW. The cabbage leaves were kept

in ethanol washed and UV sterilized cage

(15 · 15 · 15 cm3). The first three larval instars

were reared in the small cages (15 · 15 · 15 cm3)

while the later instars were reared in large cages

(45 · 45 · 55 cm3). Caterpillars in cages were pro-

vided with surface sterilized fresh cabbage leaves

daily. The full grown caterpillars were transferred to

the new cages for pupation. Two days old pupae

were detached from the walls of cage and were kept

in a batch of 20 pupa in each cage (60 · 60 ·
70 cm3) over a thick layer of UV irradiated filter

paper for adult emergence. The adults were held in

cages (60 · 60 · 70 cm3) provided with cotton swabs

soaked in honey solution, SDW and some flowering

shoots of mustard as pollen source. Potted cabbage

plants were kept in each cage for egg laying when-

ever needed.

Virus strain

The Pieris brassicae granulovirus (PbGV) used in the

study was the local strain isolated and characterized

from the dry temperate region of Himachal Pradesh

by Sood (2004). The virus was multiplied in the host

larvae in the Postgraduate Laboratory of Department

of Entomology, CSK HP Agricultural University, Pal-

ampur, India (1200 m amsl). The virus was purified

and the concentration of OBs in stock suspensions

was determined by direct count using Helber bacte-

ria haemocytometer (0.02 mm depth). A stock solu-

tion of PbGV with strength of 2 · 1012 OBs/ml

(approximately) was prepared for transmission stud-

ies and stored in amber coloured bottles at 4�C.

Serial dilutions (2 · 103 to 2 · 109 OBs/ml) were

prepared from the quantified virus stock solutions in

sterile distilled water.

Standardization of sublethal concentrations

A leaf disc bioassay technique, as described by Bal-

lard et al. (2000), was used for standardization of

sublethal concentrations of PbGV. Cabbage leaf discs

(diameter 4.5 cm) were cut from fresh cabbage

leaves collected from an insecticide free plot and

washed with 70% ethanol. The discs were treated

with different virus concentrations (2 · 103 to

2 · 109 OBs/ml) and shade dried. The treated discs

were singly kept in the UV irradiated Petri dishes.

Twenty-five pre-starved larvae (24 h) each of sec-

ond, third and fourth instars were released on trea-

ted cabbage leaf discs for each treatment separately.

Each treatment was replicated thrice and an

untreated control (DSW) was also kept. After 24 h

of feeding, the larvae were transferred to untreated

cabbage leaves. The mortality counts were recorded

after 72 h of release and thereafter. In case of uncer-

tainty, larvae were prodded with a needle in order

to test the characteristic disintegration of the larval

tissue. The concentration indicating minimum per-

centage of larval mortality was determined as sub-

lethal dose of PbGV.

Effect of PbGV sublethal infection

Three concentrations one above and one below the

sublethal dose were used to study the effect on

P. brassicae larvae and its further transmission to next

generation.

Bioassay methodology

Cabbage leaf discs (4.5 cm diameter) were surface

sterilized with ethanol and treated with 100 ll sus-

pension of three PbGV concentrations, i.e. 2 · 104,

1 · 104 and 1 · 103 OBs/ml and shade dried. Treated

discs were singly kept in the UV irradiated Petri
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dishes. Twenty-five pre-starved (24 h) larvae of third

instar were released on each disc for each concentra-

tion separately. Each concentration (treatment) was

replicated four times and an untreated control (trea-

ted with sterilized distilled water) was also kept.

After 24 h of feeding, the larvae were transferred to

ethanol washed untreated cabbage leaves and were

reared individually for further development. The

leaves were changed daily and larval development

was monitored during the course of studies. The lar-

vae which showed symptoms of virus infection were

separated out. The larvae that survived against virus

challenge were reared in separate cages (15 · 15 ·
20 cm3) until pupation. The number of healthy and

diseased pupae were recorded from both virus trea-

ted as well as control treatment. The pupae from

each treatment were then kept separately in cages

(45 · 45 · 55 cm3) for adult emergence. The data

on adult emergence was recorded daily for all

treatments.

Effect on fecundity, hatchability and larval develop-

ment of F1

The females emerged out from virus treated as well

as control treatments were monitored for oviposition

and the number of eggs laid on potted plants kept in

cages (45 · 45 · 55 cm3) was recorded. The egg

masses from each treatment were clipped along with

leaves and kept separately on a thick moistened filter

paper in a Petri-plate (7.5 cm). Observations on

hatchability were recorded periodically to work out

the per cent hatchability. The neonate larvae were

separately maintained on cabbage leaves for further

development and their developmental parameters

were recorded. The larvae that died of sublethal

virus infection during the course were kept in

Eppendorf tubes under refrigerated conditions after

initial microscopic examination of OBs for final con-

firmation of PbGV by molecular techniques using

primer specific to granulin gene (Burden et al.

2002). The primer sequences used were:

Consensus F primer: 5¢ CAAGATCAAGGAATT-

CGCACCCGACGTA3¢
Consensus R primer: 5’GTTCTAGTTCCTTAAGCG-

TGGGCTGCAT3¢

Extraction of genomic DNA and PCR amplification

Total genomic DNA of PbGV was extracted following

the procedure of Murray and Thompson (1980). For

extracting total genomic DNA, healthy fifth instar

larvae, adults (control), sublethally treated fourth

instar larvae, adults and their off-springs (second

instar larvae) were taken, washed with deionized

water and then dried on filter paper. The larvae

were then ground individually in pestle and mortar

with liquid nitrogen and maintained in separate

tubes for extraction of virus DNA. About 100 mg

powder from these tubes was transferred to Eppen-

dorf tube containing 680 ll of CTAB extraction buf-

fer maintained at 60�C and mixed thoroughly by

turning the tubes up and down. The tubes were

then incubated at 60�C for 1 h with gentle mixing

after every 10 min. To each tube equal volume

(680 ll) of chloroform: isoamyl alcohol (24 : 1) was

added. The contents were mixed gently and centri-

fuged at 10 000 g for 10 min in high speed refriger-

ated centrifuge (REMI, India) at 4�C. Aqueous phase

was transferred to new tubes, 450 ll prechilled iso-

propanol was added and kept at )20�C for 20–

30 min to precipitate the DNA. Tubes were then

spun at 10 000 g for 10 min and supernatant was

decanted. The DNA pellet was washed three times

with 70% ethanol, dried and dissolved in 100 ll of

Tris EDTA buffer (10 mm Tris–HCl and 1 mm EDTA,

pH 8.0). RNase at 10 mg/ml (MBI Fermentas) was

added and the emulsion was incubated for half an

hour at 37�C. DNA was stored at )20�C for further

use.

Amplification of virus DNA

The PCR amplification was carried out for confirma-

tion of transmission of PbGV in survivors of virus

challenge using granulin gene specific primers

(Burden et al. 2002). The PCR reaction was per-

formed in 0.2 ml PCR tubes with 25 ll reaction vol-

ume containing 20 ng of DNA template, 20 pmol of

each primer in 25 mm MgCl2, 10 mm of each deoxy-

ribonucleoside triphosphate (Fermentas), five units

of Taq polymerase [Life Technologies (India), Pvt.

Ltd, Delhi, India] and 10 · reaction buffer. Amplifi-

cations were performed using thermal cycler (Gene-

Amp PCR system 9700; Applied Biosystems, Foster

City, CA) with an initial denaturation step of 2 min

at 94�C followed by 40 cycles at 94�C for 30 s, 65�C
for 1 min, 72�C for 30 s and a final elongation step

at 72�C for 10 min. The product was separated in a

1.2% (w/v) agarose gel in TAE buffer (40 mm Tris–

acetate, 1 mm EDTA). DNA ladders of 100 bp (Ban-

galore Genei, Peenya, Bangalore) and lambda DNA/

EcoRI–HindIII double digest (MBI Fermentas, Bur-

lington, ON, Canada) were used as molecular weight

markers. The gels were run at 80 V for 1 h using

Bangalore Genei power pac system. The gels were
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stained with ethidium bromide (0.5 lg/ml) for

10 min after electrophoresis. The gels were viewed

and images were captured using gel documentation

system (AlphaImager 2200; Alpha Infotech Corpora-

tion, San Leandro, CA).

Statistical analysis of data

The data recorded for different parameters in the

present study were analysed statistically by using

the technique of analysis of variance for Com-

pletely Randomized Design as described by Gomez

and Gomez (1984). The treatment means were

compared at 5% level of significance by least sig-

nificant difference test described by Gomez and

Gomez (1984).

Results

Effect of sublethal infection

Larval mortality, pupation and adult emergence

Sublethal infection of PbGV in third instar larvae of

P. brassicae at three concentrations i.e. 2 · 104,

1 · 104 and 1 · 103 OBs/ml resulted in 63.9%,

61.5% and 55.6% larval mortality, respectively

(table 1). The larvae which tolerated the sublethal

dosages resulted in 49.2%, 37.0% and 19.8% abnor-

mal pupae in the three treatments respectively, in

comparison to 1.2% in case of control. Afterwards,

the normal pupae from sublethally treated larvae at

three doses resulted in 35.5%, 19.6% and 9.9%

abnormal adults in comparison to 1.8% in case of

untreated control. Sex ratio of adults emerged were

found to deviate slightly though non-significantly in

favour of females in the treated ones compared to

the control. The hatchability of the eggs laid by

females in different treatments was observed to be

83.6%, 82.4% and 85.8%, respectively which were

significantly lower in comparison to 94.5% in case

of control (table 2). The larval mortality of the off-

springs at the three tested dosages was observed to

vary from 29.8% to 34.3% and 86.0% to 89.0% in

the first and second instar, respectively. However,

complete mortality at third instar stage due to virosis

was observed in the sublethally treated P. brassicae

off-springs.

Developmental attributes of P. brassicae

The data presented in table 3 reflects the effect of

sublethal infection of PbGV on developmental attri-

butes of P. brassicae. The sublethal inoculation of

third instar larvae of P. brassicae at three concentra-

tions prolonged the duration of fourth instar (4.30,

4.42 and 4.42 days) significantly in comparison to

control (3.15 days). Fifth instar duration was also

observed to be prolonged by 1.25, 1.17 and

1.00 days in comparison to control. The larvae sur-

viving the sublethal dosages showed increased pupal

duration of 1.49, 1.89 and 1.79 days than the con-

trol and increased adult longevity (7.47–7.65 days)

in comparison to control (6.00 days). The incubation

period of the eggs in F1 was also increased signifi-

cantly in all the three concentrations (6.00–

6.27 days) in comparison to 4.1 days in control.

Likewise, the duration of first as well as second

Table 1 Effect of sublethal infection of PbGV on per cent mortality, pupation and adult emergence of P. brassicae

Concentration

(OBs/ml)

Corrected

mortality1 (%) Pupation (%)

Normal

pupae (%)

Adult

emergence (%)

Normal

adult (%)

Sex ratio

(female:male)

2 · 104 63.9 36.1 � 1.41 50.8 � 1.80 15.5 � 1.29 64.5 � 2.12 1 : 0.64

1 · 104 61.5 38.5 � 1.80 63.0 � 2.20 20.5 � 1.17 80.4 � 0.91 1 : 0.62

1 · 103 55.6 44.4 � 1.96 80.2 � 1.15 30.5 � 1.80 90.1 � 1.34 1 : 0.66

Control – 84.5 � 1.50 98.8 � 1.92 83.5 � 1.5 98.2 � 0.98 1 : 0.72

LSD0.05 3.67 3.38 3.70 4.04 NS

LSD0.05 = Least significant differences test between treatment at 5% level of significance.
1Based upon n = 100, NS, non-significant.

Table 2 Effect of sublethal infection of PbGV on egg hatchability and

percent larval mortality in the F1 generation

Concentration

(OBs/ml)

Egg

hatchability (%)

Corrected larval (%) mortality

in F1 generation over control

First

instar

Second

instar

Third

instar

2 · 104 83.6 � 1.63 32.9 89.0 100

1 · 104 82.4 � 1.58 34.3 86.0 100

1 · 103 85.8 � 1.81 29.8 88.9 100

Control 94.5 � 1.80 – – –

LSD0.05 3.21

LSD0.05 = Least significant differences test between treatment at 5%

level of significance.
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instar in the off-springs indicated significant prolon-

gation as compared to control.

Reproductive parameters and fecundity of P. brassicae

The data on effect of sublethal effect on reproductive

parameters and fecundity of emerging adults

revealed that 20.25–22.0% of females in F1, laid eggs

as compared to 31% in control though the difference

with respect to pre-mating and post-oviposition peri-

ods were found to be non-significant (table 4). The

mating period (62.7–62.9 min), pre-oviposition per-

iod (4.32–4.42 days) and oviposition period (3.27–

3.35 days) were observed to differ significantly as

compared to control (34.37 min, 2.07 and

4.25 days), respectively.

PCR amplification of granulin gene

The surviving normal larvae and adults derived from

the sublethally inoculated larvae were investigated

to ascertain the presence of viral DNA in survivors.

The PCR amplification of genomic DNA with specific

primers confirmed the presence of PbGV DNA (a

product of approx. 460 bp as expected) in surviving

normal larvae, adult and F1 larvae (fig. 1).

Discussion

Exposure of third instar larvae of P. brassicae to sub-

lethal PbGV dosages resulted in larval mortality

ranging from 55.6% to 63.9% and the impacts were

also evident in the surviving pupae and adults. The

findings are in agreement with the report of

Table 3 Effect of sublethal infection of PbGV on developmental attributes of P. brassicae

Concentration

(OBs/ml)

Duration (in days)1

Fourth instar Fifth instar Pupae

Adult longevity F1 generation

Male Female

Incubation

period First instar

Second

instar

2 · 104 4.30 � 0.96 5.65 � 0.73 12.15 � 0.73 7.47 � 0.45 10.57 � 0.11 6.22 � 0.58 5.12 � 0.87 5.12 � 0.34

1 · 104 4.42 � 0.21 5.57 � 0.88 12.55 � 0.50 7.65 � 0.78 10.77 � 0.86 6.00 � 0.35 5.10 � 0.19 5.12 � 0.29

1 · 103 4.42 � 0.22 5.40 � 0.31 12.45 � 0.26 7.60 � 0.96 10.97 � 0.34 6.27 � 0.23 5.15 � 0.54 5.17 � 0.18

Control 3.15 � 0.34 4.40 � 0.50 10.66 � 0.97 6.00 � 0.23 9.17 � 0.25 4.10 � 0.68 3.15 � 0.18 3.82 � 0.28

LSD0.05 0.80 0.81 1.01 1.15 1.21 0.85 0.49 0.54

1Mean of 10 observations with four replications.

LSD0.05 = Least significant differences test between treatment at 5% level of significance.

Table 4 Effect of sublethal infection of PbGV on reproductive parameters and fecundity of P. brassicae

Concentration

(OBs/ml)

Duration of reproductive phase

Females that

laid eggs (%)

Pre- mating

period (days)

Mating period

(minutes)

Pre-oviposition

period (days)

Oviposition

period (days)

Post-oviposition

period (days)

Average

fecundity/female

2 · 104 20.25 � 1.40 2.10 � 0.04 62.95 � 1.50 4.32 � 0.09 3.35 � 0.03 1.07 � 0.009 21.40 � 1.09

1 · 104 21.25 � 1.52 2.15 � 0.06 62.70 � 1.01 4.37 � 0.02 3.37 � 0.07 1.05 � 0.008 21.50 � 1.50

1 · 103 22.00 � 1.01 2.32 � 0.07 62.82 � 2.52 4.42 � 0.05 3.27 � 0.05 1.12 � 0.004 22.80 � 1.45

Control 31.00 � 1.60 2.12 � 0.04 34.67 � 1.44 2.07 � 0.01 4.25 � 0.08 1.07 � 0.007 32.50 � 1.23

LSD0.05 3.7 NS 6.87 0.73 0.70 NS 4.7

LSD0.05 = Least significant differences test between treatment at 5% level of significance. NS, non-significant.

(a) (b)

Fig. 1 Agarose gel electrophoresis of PbGV granulin-specific PCR

product showing the amplification of granulin gene from (a) GV

infected Pieris brassicae larvae and (b) healthy larval (L1) & adult (L2)

DNA Showing no amplification of granulin gene, and L3, L4 & L5 suble-

thally GV infected larvae (L3), adult (L4) and second instar F1 larval (L5)

DNA (showing granulin gene amplification). (a) M1:100bp Ladder, M2:

k DNA EcoRI/HindIII double digest; (b) M1: k DNA EcoRI/HindIII double

digest.
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Easwaramoorthy and Jayaraj (1989), who observed

that sublethal infection of granulosis virus on sugar-

cane shoot borer, Chilo infuscatellus, caused reduction

in per cent pupation and adult emergence. Mela-

med-Madjar and Raccah (1979) also reported that

pupae derived from sublethally treated Sesamia non-

agroides larvae had higher rate of incomplete pig-

mentation due to SnGV infection and no adults

emerged from these pupae. The rate of vertical

transmission of NPVs in eight species belonging to

Mythimna, Pseudoplusia, Spodoptera, Lymantria, and

Trichoplusia varied from 0.5% to 57.1% under labo-

ratory conditions (Kukan 1999).

Vertical transmission rates of around 12% was

reported by Zhou et al. (2005) in H. armigera when

HaSNPV was applied in field, however rates

increased to around 30% when HaSNPV was applied

under laboratory conditions. This might be due to

the lower virus-induced mortality among F1 progeny

from paired bollworm adults with either both par-

ents or one parent treated with HaSNPV.

The sex ratios of adults emerged from sublethally

treated third instar larvae though deviated slightly in

favour of female in comparison to control in the

present study, however the differences were non-sig-

nificant. The earlier findings of Easwaramoorthy and

Jayaraj (1979), reported deviation in sex ratio of

sugarcane shoot borer, Chilo infuscatellus from

expected 1:1 to 1:5.70 (Female:Male). Melamed-

Madjar and Raccah (1979) had also reported similar

deviation in sex ratio (1:5) of corn borer S. nonagro-

ides due to GV infection. The change in sex ratio pat-

tern in present findings to that of earlier reports

could be attributed to species, which need to be fur-

ther elucidated.

The findings on substantial prolongation in larval,

pupal and adult life after sublethal viral infection are

in concurrence with Hua Lu et al. (2001), who

reported that developmental duration of virus fed

larvae of diamond backmoth, Plutella xylostella was

lengthened due to GV infection. The results of Tat-

chel (1981) reporting extended larval instar duration

of Pieris rapae due to GV infection also support the

present findings.

The data on average fecundity of sublethally inoc-

ulated P. brassicae manifested that 20.25–22.00% of

viroid females laid eggs as compared to 31% in con-

trol with significant reduction in average fecundity.

The present findings draw considerable support from

the findings of Melamed-Madjar and Raccah (1979),

who also reported that sublethal inoculation of

SnGV on corn borer Sesamia nonagroides larvae

caused substantial reduction in fertility rate of

emerging adults. Matthews et al. (2002), also

observed a 15% reduction in the number of eggs

laid by adults developed from sublethally treated

larvae of tomato moth, Lacanobia oleracea. The reduc-

tion in fecundity could be attributed to the hor-

monal and enzymatic changes associated with virus

infections affecting the production or development

of eggs and sperms (Cory et al. 1997).

The reduction in corresponding hatchability of eggs

laid by the surviving females and complete mortality

in the third instar stage could be attributed to virosis.

Easwaramoorthy and Jayaraj (1989) too observed

50% diseased C. infuscatellus larvae from the infected

parents. The findings indicated the vertical transmis-

sion of GV from infected adult to offspring through

eggs. Laur and Quenin (2003) also reported 50.8%

larval mortality in the F1 population of codling moth

Cydia pomonella obtained from CpGV infected parent.

However, David and Taylor (1976) observed that

PbGV failed to transmit vertically from one to next

generation in P. brassicae. Similarly, Matthews et al.

(2002) and Etzel and Falcon (1976) contradicted on

transovum transmission of granulosis virus and

observed the larval mortality of F1 generation not to

vary significantly in comparison to control. The lower

concentrations used in these studies could be the rea-

son for not transmitting the virus inocula to the next

generation. It might have not caused mortality in the

F1 population as optimum level of inoculum is

required to cause larval mortality. The amplification

of virus DNA in the off-spring in the present study

without doubt confirms the vertical transmission of

PbGV in survivors of virus challenge. The findings

are in line with those of Burden et al. (2002), who

detected RNA transcripts for the Plodia interpunctella

GV granulin gene in F1 larvae of P. interpunctella

obtained from adults raised through sublethally trea-

ted larvae. Under field conditions, egg masses pro-

duced infected larvae at rates ranging from 2% to

80%, whereas decontaminated egg masses yielded

only 0.1–9% infected larvae (Kukan 1999). In view

of implications of transmission mechanism of PbGV,

there is a need to further investigate the true mecha-

nism of transmission of sublethal infection for its sub-

sequent utility in the management of pest.

Acknowledgements

The authors thank two anonymous reviewers for

their helpful comments on earlier draft of the manu-

script. This study was supported by Indian Council

of Agricultural Research, New Delhi in the shape of

Adhoc Research Project (F. NO. 1-30/ 2004-PP).

P. Sood et al. Effect and transmission of PbGV

J. Appl. Entomol. 134 (2010) 774–780 ª 2010 Blackwell Verlag, GmbH 779



References

Andreadis TG, 1987. Transmission. In: Epizoology of

insect diseases. Ed. by Fuxa JR, Tanada Y, Wiley, New

York, 159–176.

Ballard J, Ellis DJ, Payne CC, 2000. Uptake of granulosis-

virus from the surface of apples and leaves by first

instar larvae of the codling moth Cydia Pomonella L.

(Lepidoptera: Olethreutidae). Biocontrol Sci. Technol.

10, 617–625.

Blissard GW, Black B, Crook N, Keddie BA, Possee R,

Rohrmann GF, Theilman DA, Volkman L, 2000. Fam-

ily: Baculoviridae. In: Virus taxonomy: seventh report

of the international committee on taxonomy of viruses.

Ed. by van Regenmortel MHV, Fauquet CM, Bishop

DHL, Carstens EB, Estes MK, Lemon SM, Manilov J,

Mayo MA, McGeoch DJ, Pringle CR, Wickner RB, Aca-

demic Press, San Diego, California.

Burden P, Griffiths CM, Corry JS, Smith P, Sact SM,

2002. Vertical transmission of sublethal granulovirus

infection in the Indian meal moth, Plodia interpunctella.

Mol. Ecol. 11, 547–555.

Cory JS, Myers JH, 2003. The ecology and evolution of

insect baculoviruses. Annu. Rev. Ecol. Evol. Syst. 34,

239–272.

Cory JS, Hails RS, Sait SM, 1997. Baculovirus ecology.

In: Baculoviruses. Ed. By Miller LK, The Plenum Press,

New York, 301–339.

David WAL, Taylor CE, 1976. Transmission of a granulo-

sis virus in the egg of a virus-free stock of P. brassicae.

J. Invertebr. Pathol. 27, 71–76.

Easwaramoorthy S, Jayaraj S, 1989. Vertical transmission

of granulosis virus of sugarcane shoot borer, Chilo infus-

catellus Snell. Trop. Pest Manage. 35, 352–353.

Etzel L, Falcon LA, 1976. Studies of transovum and

transstadial transmission of a granulosis virus of the

codling moth. J. Invertebr. Pathol. 27, 13–26.

Fine PEM, 1984. Vertical transmission of pathogens of

invertebrates. In: Comparative pathobiology: pathogens

of invertebrates. Application in biological control and

transmission mechanisms. Ed. by Cheng TC, The Ple-

num press, New York, 205–241.

Fuxa JR, Richter AR, 1993. Lack of vertical transmission

in Anticarsia gemmatalis (Lepidoptera: Noctuidae)

nuclear polyhedrosis virus, a pathogen not indigenous

to Louisiana. Environ. Entomol. 22, 425–431.

Fuxa JR, Weidner EH, Richter AR, 1992. Polyhedra with-

out virions in a vertically transmitted nuclear polyhe-

drosis virus. J. Invertebr. Pathol. 60, 53–58.

Gomez KA, Gomez AA, 1984. Statistical procedures for

agricultural research, 2nd edition. John Wiley & Sons,

New York, USA.

Herniou EA, Olszewski JA, Cory JS, O’Reilly DR, 2003.

The genome sequence and evolution of baculoviruses.

Annu. Rev. Entomol. 48, 211–234.

Hua Lu L, He Y, Feng X, Chen H, 2001 Impact of a gran-

ulosis virus on larval food consumption and develop-

ment duration of the diamondback moth, Plutella

xylostella (L.). http://www.regional.org.au/au/esa/2001/

10/1002/lihua.htm.

Kukan B, 1999. Vertical transmission of nucleopolyhe-

drovirus in insects. J. Invertebr. Pathol. 74, 103–111.

Laur P, Quenin H, 2003. Caprovirus in granulosis virus

formulation: control of resistant strain of codling moth

and study of vertical transmission of virus. Proceedings

of the 77th annual western orchard pest and disease

management conference, 15-17 January 2003, Hilton

Hotel, Portland, Oregon.

Matthews HJ, Smith I, Edwards JP, 2002. Lethal and

sublethal effects of a granulovirus on the tomato moth

Lacanobia oleracea. J. Invertebr. Pathol. 80, 73–80.

Melamed-Madjar V, Raccah B, 1979. The transstadial and

vertical transmission of a granulosis virus from the

corn borer Sesamia nonagroides. J. Invertebr. Pathol. 33,

259–264.

Moscardi F, 1999. Assessment of the application of bacul-

oviruses for control of Lepidoptera. Annu. Rev. Ento-

mol. 44, 257–289.

Murray MG, Thompson WF, 1980. Rapid isolation of

high molecular weight plant DNA. Nucleic Acids Res.

8, 4321–4325.

Rothman LD, Myers JH, 1996. Debilitating effects of viral

disease on host Lepidoptera. J. Invertebr. Pathol. 67,

1–10.

Sood P, 2004. New record of granulovirus on cabbage

white butterfly, Pieris brassicae Linn. from dry temper-

ate regions of Himachal Pradesh. Himachal J. Agricul.

Res. 30, 146–148.

Tatchel GM, 1981. The effects of granulosis virus infec-

tion and temperature on the food consumption of Pieris

rapae (Lepidoptera: Pieridae). Biocontrol 26, 291–299.

Zhou M, Sun X, Sun X, Vlak JM, Hu Z, vander Werf W,

2005. Horizontal and vertical transmission of wild-type

and recombinant Helicoverpa armigera single-nucleocap-

sid nucleopolyhedrovirus. J. Invertebr. Pathol. 89, 165–

175.

Effect and transmission of PbGV P. Sood et al.

780 J. Appl. Entomol. 134 (2010) 774–780 ª 2010 Blackwell Verlag, GmbH


