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ABSTRACT

Mass production of HpNPV, a potential bio pesticide against the teak defoliator
Hyblaea puera (Cramer) was attempted. During the study period HpNPV
amounting to a total of 2.2x10"’POBs was produced which was sufficient for

application in BOUT 4000 ha of teak plantation.

As an activity of the project, attempts were made to transfer teak defoliator
management technology to the Forest Divisions of Nilambur north and south.
Trainings on various aspects of defoliator management using HpNPV biopesticide
were conducted for the benefit of the Forest Department field staff including
foresters, forest guards and watchers. Defoliator monitoring techniques were
included in the first phase of the training. In the second phase training was given
on the HpNPV application methods. The trainings helped to create an awareness
among the forest staff on the need for adopting control measure against the
defoliator attack for increasing the productivity of teak plantations. This model
can be practiced in state, national and transcontinental level. Under the research
component of the project, the shelf life of the formulated HpNPV product was
evaluated. The study showed decrease in activity of the biopesticide formulation
with increase in the storage time. The activity ratio of 76 after 18 months storage
was found decreased to 11 by 42 months As one of the achievement of the
project, HpNPV technology could be introduced to a private teak grower in
Chattisgarh. The effectiveness of HpNPV was well appreciated by the farmer by
using the product in his plantation. A documentary on teak defoliator management

was also produced for distribution among teak farmers.



1. INTRODUCTION

Among the entomopathogens, baculoviruses are the most common and most widely
studied. They are known exclusively from arthropods. This large family of viruses
comprises two genera (i) Nucleopolyhedrovirus (formerly nuclear polyhedrosis virus)
and (ii) Granulovirus (formerly granulosis virus) (Murphy ef al., 1995). At least 800
known isolates of Baculoviruses were reported from more than 400 host species,
mostly in Lepidoptera and Hymenoptera (Vlak and Hu, 1997). Baculoviruses have
been recognized as the most potential biocontrol agents against insect pests (Payne,
1982). Their efficacy, specificity, and production of secondary inoculum make them
attractive compared to broad-spectrum insecticides as ideal components of IPM
systems due to their lack of untoward effects on beneficial insects including other
biological control organisms which is well established (Huber, 1986; Cunningham,
1995).

The first virus to be detected in insects belonged to the nucleopolyhedroviruses
(NPVs), the infection of which was called nucleopolyhedrosis. Nucleopolyhedrovirus
is easily recognized from other viruses because of the presence of unique polyhedral
bodies in the cell nuclei. Bergold (1943) observed these bodies in diseased silkworm
larvae. The bodies were called “polyedrischen Korperchen” (polyhedral granules)
(Fischer, 1906) and the associated disease, polyederkrankheit (polyhedral disease)
(Wahl, 1909) or polyhedrosis (Prell, 1926). By 1990, nucleopolyhedroviruses (NPVs)
were isolated from over 450 species of Lepidoptera (Adams and McClintock, 1991).
Now, NPVs are known to belong to six insect orders: which are Lepidoptera,
Hymenoptera, Diptera, Coleoptera, Thysanura and Trichoptera, as well as from
Decapoda (Class Crustacea) (Murphy et al., 1995). In India research on baculoviruses
was initiated by Patel ef al., (1968) on NPV of Helicoverpa armigera (Hubner)
(Lepidoptera: Noctuidae) and Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae)
a polyphagus pest attacking several crops by Ramakrishnan and Tiwari (1969). Since
then due to their importance works on NPV had been developed rapidly (Rabindra
and Subramaniam 1974; Ethiraju et al., 1988; Rabindra et al., 1990; Kennedy and
Sathiah, 2001).



Very little information is available about the use of NPV against forest pests. Ahmed
and Sen-Sarma (1983) established the pathogenicity of the nucleopolyhedrovirus on
Pygaera fulgurrita (Walker) the poplar defoliator in Uttar Pradesh. Sudheendrakumar
et al., (1988) reported a nucleopolyhedrovirus infection in the teak defoliator,
Hyblaea puera in Kerala. Ahmed (1992) recorded nucleopoly hedrovirus infection in
natural populations of the babul defoliator, Taragama siva (Streblote siva) (
Lepidoptera: Lasiocampidae). The prospects of seeding epicenter populations of

Taragama siva with NPV was studied by Ahmed et al. (2000)

The teak defoliator and HpNPV

The teak defoliator, Hyblaea puera is a well known pest of teak. Suceptibility of this
insect to a nucleopolyhedrovirus disease was first reported from Nilambur, Kerala
(Sudheendrakumar et al., 1988). Since then, this pathogen named as HpNPV has been
a topic of research with a view to use it for biological control of the teak defoliator.
Mohamed Ali et al. (1991) reported that the virus is highly pathogenic. Cross
infectivity studies showed that the virus is non infective to larvae of the forest pests

such as Eutechtona machaeralis, Eligma narcissus and Atteva fabriciella.

Preliminary field studies on efficacy of HpNPV as a biocide were carried out in a plot
with 100 trees at Nilambur during 1993 (Nair ef al., 1996; Nair et al (1998). During
the year, there were four major peaks of defoliator infestation from March to June.
One-time foliar application of a crude preparation of HpNPV at the rate of 10° POBs
(Polyhedral Occlusion Bodies) per ml of the spray fluid was carried out at the earliest
sign of each infestation, gave 70 to 76 per cent protection of foliage during the first
two infestations. Field trials revealed that HpNPV has little environmental persistence
and does not persist even for a week when applied onto teak foliage. The study

indicated the need for application of virus whenever there is teak defoliator infestation

Sudheendrakumar et al. (2001) standardized the protocol for field application of the

virus taking into consideration the interaction of five primary variables- the host (H.



puera), the virus (HpNPV), environmental factors, host tree (teak) and spray
technology. As part of the above study, experiments were carried out to understand
the effect of sunlight on virus persistence and activity of HpNPV on foliage. The
observations on virus decay indicated that sunlight has a striking effect on virus
survival as mortality dropped from initial 97 per cent to 70 per cent in 6 h. The study
thus suggested the need for developing a virus formulation which can withstand
deterioration by ultraviolet light when used in the field. Studies on virus application
system indicated that ground based ULV sprayer Stihl SR 400 is effective for trees up
to 14 m height. A theoretical model for dosage estimation was predicted and the
parameters predicted by the model were field-tested in 1997 and 1998 and the optimal
dosage rates to achieve >95 per cent mortality of the target larvae were calculated.
Various methods of mass production of HpNPV were tried and finally a combination
of individual larval feeding on virus contaminated leaf, followed by rearing on
semisynthetic diet gave a better yield with minimal bacterial contamination. The mean
yield achieved was approximately 2 x 10® POBs per larva at dosage 5 x 10° POBs per

larva for semi purified virus.

In another study, Sudheendrakumar er al. (2006) developed a wettable powder
formulation of HpNPV. This product had been field tested and proved very

effective in controlling the teak defoliator.

The HpNPV formulation developed by KFRI is highly target specific, ecofriendly and
safe to all other organisms. It was felt that there was need for creating an awareness
among the teak farmers and the forest Department about the technology which
includes methods of pest monitoring, method for mass production of the virus and
field application and evaluation of the efficacy. The project thus envisaged short-term
training to the forest officials on various aspects of the teak defoliator problems and
its management using HpNPV. The objectives also included mass production of

HpNPYV for field demonstration in teak plantations.



2. MATERIALS AND METHODS

Host culturing

Considering the requirement of host larvae for mass production of HpNPV, a
continuous culture of Hyblaea puera was maintaine in the laboratory of the Kerala
Forest Research Institute (KFRI), Subcenter, Nilambur. For establishment of the host
culture, H. puera pupae were collected from the teak plantations at Nilambur and
brought to the laboratory. Pupae were surface sterilized by soaking in 5 per cent
sodium hypochlorite solution for 5 min and washed under tap water for another 2 min.
The pupae were then air dried and allowed to emerge. The newly emerged moths
were fed with 10 per cent (v/v) honey solution provided on sponge pieces. Sponge
pieces soaked in diluted honey was provided anew every day. It was found that
fecundity increased with the time allotted for free movement before mating and
hence, the moths were transferred in to a cage on the day of emergence. On the
second day, moths were sexed, pairs were set and transferred to wide mouthed bottles
(20 x 10 cm). The mouth of the bottle was covered with cotton cloth, which served as

substratum for oviposition.

Egg deposited cloth was removed daily and sterilized by soaking in 2 per cent
sodium hypochlorite solution for five minutes and air-dried. When the eggs were
about to hatch, the cloth was transferred to glass bottles provided with fresh tender
teak leaf. H. puera has five larval instars. Until third instar, the larvae were reared on
leaf in groups of 100 in glass bottles (20 x 10 cm). Every day morning, fresh tender
teak leaves were provided. In every two days, glass bottles were changed and checked
for dead larvae and contamination. From third instar onwards the larvae were reared
individually on semi synthetic diet (Mathew ef al., 1990) in plastic rearing tubes (5.5
cm x 2.3 cm). The tubes were closed with perforated cap and kept inverted in a
slanting position in aluminum trays. The larval rearing room was maintained at a

temperature of 28 + 4 °C and a Relative Humidity (RH) of 60 + 10 per cent.



HpNPV mass production

HpNPV was mass multiplied on the host insect in the laboratory as described below.
Early fifth instar H. puera larvae from the laboratory stock were used for the
production of the HpNPV. Each larva was reared in a rearing tube as described
earlier. The artificial diet provided in the rearing tube was sprayed with 10pl of the
virus inoculum of a concentration of  1x10’POBs/ml using a chromatographic
sprayer. After spraying the larvae were introduced in to the diet and kept at 12 h light
dark photoperiod and 80% RH for 96 hours (Fig. 1). After 84hrs post inoculation,
when most of the larvae were in the moribund stage the larvae were retrieved and
stored at -20°C in order to prevent any further contamination. The average
productivity of a larva was 1x10°POB. For each batch of rearing, 500-1000 larvae
were used.

The retrieved larvae were macerated using a homogenizer in 0.1% SDS and
filtered through three layers of cheese cloth in order to remove the head capsule and
other debris. Then the suspension was subjected to centrifugation. The suspension
was centrifuged at 130x g for 10 minutes and the coarse material settled down was
removed and the filtrate was collected. The filtrate from the above process was
subjected to the second step of centrifugation at 6360x g for 25 minutes. The POBs
settled as a pellet was collected by discarding the filtrate and suspended in distilled
water. This process was repeated twice or thrice in order to remove the SDS which
was used during the first step. After re suspension of the sediments in the distilled

water, the POBs was collected and stored for further use.
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Fig.1. Schematic representation of HpNPV production system



Development of freeze dried HpNPV wettable powder formulation.

The virus produced as mentioned above was formulated into a wettable powder
formulation as per the following protocol developed in earlier studies
(Sudheendrakumar ef al. 2006).

1.Every100 ml of the crude virus (each ml contains 2.05x10''POBs) sample
was mixed with 1 ml of poly vinyl alcohol, 1g of talc and 4 g of charcoal.

2. About 200 ml of the sample was poured in to a glass flask of 2 lit. capacity
and kept for freezing at —20°C for 12 hours ensuring a uniform coating throughout
the inner surface of the bottle.

3. The glass flask was attached to the freeze drier for processing. When the
sample was in powder form the bottle was separated out and the powder was
collected.

4. The product was stored at room temperature in dark bottles.
Evaluation of shelf life of Hpnpv formulation

Shelf life of any biopesticide is an important concern in the pest management
programme. In the present study the shelf life of 18 and 42 months old HpNPV
freeze dried wettable powder formulation was compared with unformulated stock of
HpNPV. Bioassay was conducted using third instar H.puera larvae. Three doses of
1x10%, 1x10° and 1x10° POBs/ml were used with three replicate and a control. 10 pl
of virus suspension was provided to the larvae on leaf discs of lem®. After two
hours of incubation, the larvae which fed the leaf disc completely were separated and
reared on artificial diet. Observations on the mortality of the larvae were recorded
at 60, 72, 96,108,120 hours post inoculation. The data were subjected to probit
analysis to calculate the median lethal dose (LDsp). Mean percentage mortality values
were compared using ANOVA and the LSD to test the statistical significance
(P<0.05) between treatments. All analyses were done using the statistical software,
SPSS Version 10.



Transfer of HpNPV technology to stakeholders

The major stakeholder being the State Forest Department, it was decided to extend the
HpNPV technology to the field staff of the Department through training/awareness
programmes. The objectives of the training were to create an awareness among the
Forest Department about the need for manageing the teak defoliator and the
technology available for protection. 'fo disseminate the information , information

booklets were prepared on the pest biology and HpNPV spraying techniques.



3. RESULTS AND DISCUSSION

1. HpNPYV Production

The quantity of virus produced at different points of time is presented in Table 1. It
could be seen that an average virus productivity of 1 x 10° POBs could be achieved
during the production period. The quantity of the virus produced was sufficient for

covering approximately 4000 ha of teak plantation.

Table 1. Details of virus production

Total No. of | No. of | Percentage

SI.No. Period larvae larvae of
inoculated Retrieved | Retrieval.

5 September(3-march 04 11316 7135 63

2. April 04-march 05 13534 8711 64

3 April 05- March 06 9879 5930 60

Total 34729 21776

Average productivity of a single larva 1x10°POB

Total amount of POBs produced 2.2x10°POBs

*Approximate plantation area which could be

: . 4000 ha
covered using the virus produced

*For targeting against third instar larvae

2. Shelf life of HpNPV Freeze-dried Formulation

The results indicated that compared to fresh formulation, the activity ratio of the
formulation stored upto 42 months at room temperature was significantly lower
(Table 2). However, the formulation stored upto 18 months retained an activity ratio
of 76. The result indicated that storage of the formulation upto 18 months for better

performance.




Table 2. Shelf life of freeze-dried HpNPV formulation under different storage

duration
Sl no | Months | LDsg Activity Ratio
1 0 0.058x10% | 100
2 18 0.076x10* | 76
3 42 0.528x10% | 11

Activity ratio=LD 5, 0 months/LD s, of N month

Now the result reveals that almost 90% of the activity of the freeze died product was

lost during a period of 42 months.

3. Technology transfer

Training programme — Phase I: Moniforing of defoliator out breaks

One of the objectives of the project was to train the Forest Department officials to
make them aware the biocontrol technology developed by KFRI and to encourage
them to adopt biocontrol against the teak defoliator as KFRI intended to transfer the
HPNPYV technology to the Department. With this view in mind a training programme
was organized on 24-3-2004 at KFRI Subcentre, Nilambur. Nearly 68 forest staff
including Range Officers, Foresters, Guards and field watchers attended the training
programme.

The training workshop envisaged as part of Project 398/04 entitled " Mass production
of the baculovirus, HpNPV for management of the teak defoliator" was conducted on
24th March 2004 at Kerala Forest Research Institute, Subcentre, Nilambur. This
workshop being the first phase a series of training programme comprising three
phases marked the beginning of the transfer of biocontrol technology developed by
KFRI for management of the teak defoliator to the Forest department. The first phase
of the programme was dealt with "monitoring and detecting the teak defoliator
populations” . A total of 68 Forest Department staff working in the Nilambur North
and South forest Divisions attended the training. The participants included Range

officers, Foresters, Forest Guards and field watchers.
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Scientific sessions

The first session in the training entitled “Introduction to teak defoliator and
strategies for management" was handled by Dr. V.V.Sudheendrakumar which
included information on the biology, habit, life cycle and population dynamics of the
teak defoliator infection dynamics, transmission, production and application of the
HpNPV. He also answered the questions raised by the DFO, Mr. Siddique on the
safety aspects of the virus. He mentioned that over 31 baculoviruses have been
subjected to long term safety testing and none of them have been found to be harmful
to human beings and other organisms according to international publications. He
added that HPNPV has also been subjected to stringent safety testing and proved to be
highly safe for field use. The lecture was supported by visual aids on all the topics and

was followed by questions from the participants.

The second session on "Detecting and monitoring teak defoliator attack" covered

techniques of monitoring and detecting teak defoliator outbreaks.

As part of the training programme the participants were given an opportunity to visit
the Entomology laboratory and observe the insect rearing procedure. Opportunity was
given to familiarize with various life stages of the teak defoliator, crude and
formulated forms of HpNPV and  sprayers used for applying HpNPV to teak stands

of various heights.

Visit of trainees to demonstration plots
All the participants visited the demonstration plots at the Panayamgode teak
plantation, Nilambur Forest Range. Being at the buffer zone between the plots
protected and unprotected from the teak defoliator, the participants could see the
difference between the plots with respect to difference in height and girth and also the
number of trees forked. The impact of teak defoliator on the growth and form of teak
during the first 11 years was well appreciated by the participants.

I



Handout

A Handout was prepared in Malayalam and distributed to the trainees (Appendix I).
The handout contained details of the pest biology, infestation characteristics, damage

caused, monitoring techniques, control using the baculovirus, HpNPV etc.

Qutcome of the workshop

The primary objective of the workshop was to generate awareness among the field
staff regarding the teak defoliator problem and need for its management and to train
them to monitor, detect and inform the outbreaks well in time to mount a control
operation. They were informed about the biocontrol technology developed by KFRI to
manage the teak defoliator. The workshop generated good response by way of
participation and active involvement in discussions. It is interesting to note that even
though the programme was intended for ground level staff like Foresters, Guards and
field watchers, all the Forest Range Officers who attended the inaugural function
showed interest to attend the whole progfamme. As envisaged, the workshop came

up with the following plan of action for the year 2004-05.

1. The Forest Department staff will monitor all teak plantations below the age of
10 years and any outbreak will be reported to the Entomology Laboratory at
KFRI Nilambur Subcentre.

2. Application of HpNPV will be undertaken under the project 398/04 and
efficiency would be evaluated jointly by KFD and KFRI.

Further outcome of the training

During the same year the Forest Department field staff detected and reported the teak
defoliator infestations based on the knowledge acquired in the training workshop.
With the involvement of the forest srtaff, we sprayed the HpNPV in the various
infested teak plantations in and around Nilambur. The summary of the field

applications during the year 2004-2005 is given in Table 3.
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Table 3.Field application of HpNPV- 2004

Plantation HpNPV Efficacy of application
Name Range Year of | Espacement | Type of Dosage Total Larval count / shoot Defoliation (%)
planting inoculum (POB/ml) | used (ml) | Before After Before After
spraying spraying spraying spraying
Nellikutha Vazhikka | 2002 2m Crude 48x10° 1620 4.57 0.40 51 81
davu suspension

Erampadam Nilambur | 2003 2m Crude 2x10° 400 TF 0.76 * 12.8 21 %
suspension

Old Kalikava | 2000 3m Crude 7.1x10° 100 6.48 0.12 52.8 87

Amarambalam suspension

Old Kalikavu | 2000 6m Crude 7.1x10° 400 5.74 0.12 38.6 64.4
suspension

Amarambalam

Emangad Kalikavu | 2003 2m Crude 1x10° 475 5.74 0.27 7.6 24
suspension

Chathanporai Nilambur | 2003 2m Crude 2.4x10° 210 13.4 2.8 15.6 30
suspension

No * Sampled/ scored 5" day after spraying
Training Programme- Phase II : Pesticide application techniques.

During the third year of the project a second phase training of the forest officials was
conducted in order to equip the Forest Department about the HpNPV application
methods. Bearing this view a second phase training was conducted on May 25, 2005
at KFRI Sub Centre Nilambur. A total of 62 participants were included in the training
workshop. The trainees comprised Range Officers, Foresters, Guards and Watchers.

Scientific sessions

The first session on the general biology of the pest and its impact on volume
increment in teak. In the talk the the relevance of biological control of the pest was
emphasized. Information on the biopesticide HpNPV was also passed on to the
participants.

The second session was on the different types of spraying techniques and sprayers. He
explained how we could fix the dose of HpNPV with out wastage of virus and the

logic behind the calculation of dose
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Hand Outs
Hand out in Malayalam (Appendix IT) was printed and distributed to the trainees. It
depicts the life history , infestation pattern, and the method of application of virus.

Field training

As the part of the phase II, a practical training on the biopesticide application was
imparted to selected forest field staff on June7, 2005 and a June 8, 2005. The
training was conducted in a two year old Teak Plantation at Chathamporai,
Nilambur. A group of 5 officials consisting of one guard and 4 watchers were
selected to the training. The group was first familiarized with the spraying
machineries and the operation procedure .The plantation was about 4.25 ha and the
infestation was about 2 ha. during the training the the theories behind the application
of the virus and the criteria for the selection of the dose were explained. Finally the
method of spraying the biopesticide, HPNPV was demonstrated. Totally 10 gm of
formulated product that consists of 2x10''POB/gm was applied in the infested area of
the plantation which came to about 2 ha. After three days of sparying the

effectiveness of the spraying was evaluated.
Field application of HpNPV in 2005 -in Erampadam 2003 Teak Plantation

The forest field staff trained at Chathamporai carried out a sparying at Erampadam
on June 8, 2005. They were able to calculate the biopesticide dose and other
parameters and decide the spraying mode. At Erampadam 2003TP, about 5 ha of the
teak plantations was infested. About 20 g of formulated product containing 2x10""
POB/gm of HpNPV was applied in the infested area of the plantation. Necessary

supervision was done by KFRI Scientists.

14



Transfer of technology to stakeholders in other states

Based on an invitation received, we visited a private teak plantation at Dongaria
Village, Kesda, Raipur, Chattisgarh during 22-26 September 2004, (Fig. 2). The
owner of the plantation Mr. Vijay Chowdhary expressed his interest to adopt
biocontrol of the teak defoliator using NPV. He had paid a visit to KFRI about one
month back to train himself in various aspects of teak cultivation and in this context
he also met Scientists working on teak. Regarding the potential of NPV he had

collected the information from internet files.

Within a total area of about 58 ha, teak, gmelina, eucalypts, mango, and few other
fruit trees were planted. The teak plantation covered an area of 22 ha comprising 18
ha planted with stump s and 4 ha planted with tissue culture plants. The plantation
was raised during 1994-1997 period, and intensively managed with irrigation,

fertilizer application.

As reported by Mr. Chowdhary teak defoliator infestations occured in the plantations
during July-August months. At the time of our observation all pests in the plantation
were controlled using chemical pesticides and about Rs.50,000/- being spent on
pesticides annually. About a dozen of light traps were setup in the plantation to trap
inset pests. It was observed that beneficial insects were also trapped affecting the

biodiversity. The following recommendations were given:
1. Avoid excessive and indiscriminate use of pesticide in the plantations

2. Use HpNPV for teak defoliator management.

3. As there is no specific biopesticide against the teak skeletoniser, Bt biocide of
a good brand may be used to control the pest.

The HpNPV biocide was provided to M/s Chowdhury plantations. The product
contained 1 x 10 '° POBs/g and it was recommended to use 1.5 g per hectare. During
the next season of teak defoliator infestation, the product was used with good results.

The report from the plantation was encouraging.

15



Fig. 2. A view of Chowdhary Plantation

Visual documentation
A documentary film of 15 minutes length entitled ‘Biocontrol of Teak Defoliator”
was produced as a part of the project which depicted the story of HpNPV technology

and technology transfer initiatives..

16



4. CONCLUSSIONS

HpNPV is an ecofriendly biopesticide for controlling the teak defoliator. Mass
production of the biopesticide could ber attempted in the project. Training on
monitoring of the teak defoliator and its management using HpNPV could be
imparted to the field staff of Nilambur Forest Division. As a joint programme of
KFRI and KFD Nilambur Division, pest monitoring and pest management could be
undertaken in the teak plantations. The project served as a model for disseminating
the research results to the stakeholders. In India, majority of teak plantations are
State owned. Hence, more awareness programmes are required to convince the
Government about the need for controlling the teak defoliator for enhancement of
productivity of teak plantations. Suitable policy decisions are also required to adopt

timely pest management practices using ecofriendly biopesticides like HpNPV.
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