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Foreword

Research efforts in the Pest Control Section, BARC, a continuator

of insect sterilization and pest control section of the earstwhile Biology

<3c Agriculture Division, were continued to develop integrated management

practices for the control of important insect pests of agricultural and

medical importance. Insect pests chosen are, ubiquitous potato tuberworm,

a serious pest of potatoes, cotton bollworms with particular reference

to spotted bollworms and a Mosquito (Culex fatiqans) a vector of filariasis.

Keeping these insects as targets, research activities have been concen-

trated in the fields of biological control with parasites, pathogens and

sterile insects, sex pheromones and insect plant interaction with a view

to develop control strategies and to integrate them if required in an

integrated pest management programme.

Besides, the research activity also encompasses investigations of

basic nature in the fields of insect sex pheromones, insect pathology

and insect plant interaction. Studies on insect pheromones relate to

the modifying • influence of abiotic and biotic factors of the environment

on pherornone production and perception and the possibility of insect

developing resistance to pheromones. Studies in the field of insect

plant interaction are directed towards identifying weak links in the

insect plant relationship with a view to exploit them for developing

control. Basic studies in the field of insect pathology relate to isolation

and identification of entomopathogens, source of their pathogenecity,

improvement in their virulence and formulation of cheaper md potent

microbial insecticides.

This report pertains to the period 1982-86 and the reports on research

activities during earlier years are BARC/I-305 (1959-74), BARC/I-4S7

(1975-77).

(G.W. RAHALKAR)
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Realization of disadvantages inherent in unilateral reliance on

synthetic chemical insecticides for crop protection has brought in focus

the need for alternative pest management strategies. One such strategy

would be to integrate different control methods that are effective,

economically viable, and having low environmental cost. Towards this

objective, research efforts of the pest control section, BARC, have

been concentrated in four major areas, viz. (i) biological control of

insect pests with emphasis on the use of sterile insects, (ii) insect

attractants and repellents with major thrust on insect pheromones,

(iii) insect plant interactions and (iv) insect pathology. While carrying

out research in these areas the target insect pests were mainly the

potato tutv ."moth (Phthorimaea operculella) and spotted bollworrn of

cotton (Earias vittelia). Research activity in the field of insect pathology

also relates to development of microbial insecticides for the control

of insect pests of agricultural and medical importance. Given below

are the major achievements.

1. Potato Tuberworm

The potato tubermoth causes excessive damage to potato crop

as well as to potatoes during storage especially in regions with warm

climate. Currently practised chemical control is either inadequate or

unsafe. Therefore, alternative methods being evaluated were based

on mating disruption through pheromone mediated confusion of males

and use of its insect parasites, pathogens and sterile insects.

1.1 Monitoring of seasonal population fluctuations

For timely initiation of any control strategy, first hand information

on an insect's activity pattern in the field as well as seasonal fluctua-

tions in its populations, becomes of paramount importance. This could

be achieved by use of a sound monitoring system. • Female of this insect,

releases a mixture of volatile chemicals called pheromones to attract

male for the purpose of mating. The pheromone could, therefore, be

used as a bait in a suitable trapping system. Commonly used design
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for such a system is a water pan trap in which the pheromone source

in suitable container is positioned over the surface of water in a shallow

pan. The distance between the water surface and the pheromone holder

is of critical importance for effectiveness of such a trap. Its trapping

efficiency however, decreases with evaporation of water unless it is

replenished periodically. This at times, becomes logistically impracti

uaule. To overcome this, a floating trap (Fig. 1) was designed and was

used to monitor tubermoth population in the field over a period of 12

months. Data on trap catches (Fig. 2) revealed periodic peaks in the

number of males trapped and the time interval between the two conse-

cutive peaks coincided with the generation time of the moth. Unusually

high trap catches during the post harvest period of 1981 kharif season

were because of the high inu idence of the pest during that season and

due to the post-harvest refuse being dumped by the farmers alongside

the fields. Low trap catches during the Rabi season and after its harvest

areas per expectation since the pest incidence is generally low during

this season, the temperature being low. Again low incidence of the

pest during kharif season of 1982 as reflected by the trap catch data

and compared with kharif season of 1981 was due to severe drought

in the area. It is thus apparent that pheromone baited traps are ideal

for monitoring the tuberworm populations in the field

1.2 Mating disruption

Disruption of mating in a feral population could be possible if

additional pheromone sources are distributed in the field to confuse

males from locating the natural pheromone source, i.e. the native females.

Attempt was therefore made to evaluate the efficacy of this approach

for tubermoth control during kharif seasons of 1985 and 1986 and rabi

season of 1985-1986. During these trials, two potato fields admea-

suring 500 sq.m. each and adequately apart from each other were selected

at the Central Potato Research Station, Rajgurunagar. Normal cultural

and agronomic practices were followed but no insecticide treatment
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f iq 1. Pheromone baited floating trap for potato tuber moth.

Two bottoms of plastic petri plates are sealed together to form

a float. A circular plastic disc. 2 mm thick, and '> cm bigger than the

float diameter is sealed on the top of the float. A circular hole

{2,'y cm dia) is drilled in the centre through the circular disc and top

of the float to facilitate introduction of the pheromone impregnated

rubber septa. Small holes are drilled on the edge of the float just below

the circular plastic disc for the pheromone to percolate. To prevent

drift of the float by wind it is anchored with heavy metal piece.
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was given to the crop. Thirty days after planting, when normally the

tuberworm incidence starts, rubber septa impregnated with the synthetic

pheromone (0.4 mg PTM I and 0.6 mg PTM II) were distributed in one

field at the rate of one septum per 20 sq.m. during the kharif season

and one septum per 32 sq.m. during the rabi season. Evaluation of

mating disruption was based on the incidence of mating in virgin females

tethered in the field and that of its impact on tuber worm control on

the basis of leaf mining incidence and level of infestation in harvested

potatoes. The incidence of leaf mining in the treatment field was lower

by a factor of 4 and moth emergence from the harvested potatoes by

a factor of 43 over the corresponding values for the control field.

In the rabi trial, leaf mining incidence in the treatment field ranged

from 0.3 to 0.8 compared with 0.9 to. 2.3 in the control field. Only

4.5% of the females tethered in the treatment field were inseminated

compared with 43% females in the control. Of the potatoes harvested

from the treatment field, 38.4% were infested compared with 53.3%

potatoes from the control field and the tubermoth emergence was 2.3

times more in the potatoes harvested from the control field. In the

kharif season of 1986 tubermoth incidence was unusually low for most

part of the season as none of the females tethered even in the control

field were inseminated. However, 9.0% of the females tethered in the

treatment field just prior to harvest were found inseminated compared

with 28.0% females in the control field. These results thus indicate

that the tubermoth control through pheromone mediated male confusion

is practically feasible.

1.3 Biological control with Trichoqramma brasiliensis

Deliberate release of target pest species in the field for rapid

build up of its egg parasite population has been advocated by some

workers. This strategy would prove detrimental' as the larvae emerging

from unparasitized eggs would cause additional damage to the crop.

However, this drawback could be overcome by releasing sterile females
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of the host insect since they would lay non viable eggs. Studies were

therefore carried out, as a first step, to evaluate suitability of eggs

laid by radiation sterilized tuber worm females for the development

of _T. brasiliensis. No adverse effects on the incidence of parasitization,

development of the parasite and its reproductive performance were

noticed. It was also observed that even after continuous rearing 10

generations of the parasite on the sterile eggs the parasite could not

discriminate a sterile host egg from the normal one.

1.4 Microbial control

Potato crop grown over an area of about 500 sq.m. was given

3 sprays at equal intervals, of a wettable powder containing 6.5 x 10

spores of Bacillus thurinqiensis var. Kenyae per gm. Dose used was

2 kg of the wettable powder per hectare. As a result of this treatment

average leaf mining incidence per plant during the entire season was

0.11 mines compared with 0.65 mines in the untreated field. At the

time of harvest 19.0% potatoes from the treated field were infested

compared with 36.0% from the untreated field.

Efficacy of this microbial insecticide was also evaluated indepen-

dently by the Entomology Section of the College of Agriculture, Pune,

during rabi seasons of 19B3-85. In these trials, conducted on farmer's

fields at two locations, efficacy of the microbial insecticide was compared

with that of recommended chemical insecticides and it was observed

that the microbial insecticide was as effective as the recommended

ones (Table 1).

A dust preparation containing the same microorganism (3 x 109

spores/gm) was also tested for its effectiveness in protecting potatoes

from the tuberworm damage during storage under prevalent method

of storage (Ami storage) followed by farmers. Results of three trials

using 1 gm of the dust per kg potatoes are given in Table 2. It is thus

evident that this microbial dust is very effective and could be a safe

substitute to commor.iy used harriful insecticides.
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Table 1. Relative efficacy of Insecticides In the control of potato tuber moth.

Percent potatoes infested at harvest
Treatment Dose (Pooled average of 3 seasons)

Pune Peth

9.S0

13.16

7.76

9.23

10.04

11.36

Control - 20.93 26.11

Permethrln

Endosulphan

Fenvalerate

B. t. var Kenyae
a

(6.5x10 spores/gm
powder)
6.5x10 spores/gm
powder

PTM virus
(35 LES/gm powder)

100

250

75

2

2

1

gm a.i./ha

gm a. I/ha

gm a.i./ha

kg/ha

kg/ha

kg/ha

4.37

7.75

4.67

5.89

8.80

7.63



Table 2. Protection to stored potatoes by the application of B.U var Kenyae dust formulation.

Location

Farmer's field

CP Station,
Rajgurunagar

-do-

-do-

Storage period

Feb. - May 1982

23.3.85 to 18.6.85

5.3.86 to 25.6.86

-do-

Total quantity of
potatoes stored

300 Kg

230 Kg

1.92 Tons
(Kufri Jyoti variety)

1.92 Tons
(Kufri Chandra
Mukhl variety)

Infested tubers (%)
of storage

Control

63.1

43 1

-

at the end
period

Treatment

1.34

5.75

7.3

5.6
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A BacuJovirus (GV) was isolated from diseased tuberworm larvae.

A dust preparation containing 70 larval equivalents per gram ga,e full

protection for 3 months to stored potatoes when used at a rate of

1 gm dust per kg potatoes.

1.5 Control by sterile insect technique

Insect pest population within a storage structure being a discrete

entity is more easy to control by sterile insect technique (SIT). Since

the potato tuberworm causes considerable damage during storage, feasi-

bility of the SIT for its control was evaluated.

1.5.1 Mass rearing

For the implementation of any SIT programme a method for mass

rearing of the target insect is an essential prerequisite. Routine method

for rearing tuberworm on whole potatoes was found inadequate and

uneconomical due to large scale wastage of larval food substrate Bnd

non-uniformity in larval development. Earlier it was observed that

1 cm thick potato slice (Av. wU 11 gins) optimally supported develop-

ment of 42 larvae upto adult -tage as against of 35 larvae on whole

potato (Av. wt. 70 gms). Denydration and microbial spoilage of the

slice could be prevented by giving it a momentary dip in molten paraffin

wax. Based on these observations detailed procedures were established

and necessary equipment was fabricated to mass rear the insect (Rahalkar

et al., 1985). By this method^yield of adult moths per kg potatoes was

1.6 times more than that with whole tubers. For regulation of rearing

schedule, freshly laid eggs could be stored upto 8 days at 10°C without

affecting their subsequent viability. Adults also could be stored for

2 days at 12°C.

1.5.2 Sterilization of adults

Amongst the developmental stages evaluated, adult irradiation

was found most ideal. Near complete sterility was induced when freshly
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emerged males were irradiated with a gamma radiation dose of

0.45 KGy. Factors such as dose fractionation, temperature during and

after irradiation, diurnal rhythm of the insect and gaseous environment

which are known to modify biological radiation damage did not influence

the level of induced sterility and bring about improvement in mating

competitiveness of irradiated males. Induced sterility resulted from

induction of dominant lethal mutations in the sperm and was permanent.

Irradiation with the sterilizing dose did not appreciably alter mating

periodicity, propensity and overall competitiveness of sterile males.

Females were sterilized with the male sterilizing dose. Release of

sterile males alone was found more effective than either release of

sterile females alone or both sexes together.

1.5.3 Inheritance of sterility

It has been reported by other workers that, in Lepidoptera F.

male progeny of male parent irradiated with a substerilizing dose and

unirradiated female parent are i,ampletely sterile. These workers have

also reported that in the F^ progeny there is distortion of sex-ratio

in favour of males. In view of these observations it has been suggested

that inherited sterility in F1 males would be more effective than complete

sterility in parent males.

Irradiation of tubermoth males with a dose of 0.25 KGy induced

65.0% sterility. There was significant distortion of sex raUo in favour

of males in F^ progeny when these males were crossed with normal

females. F^ males were more sterile than F<\ females. In F% generation,

however, the sterility inherited by F^ males and females was completely

lost, The phenomenon of inherited sterility is therefore not considered

of any practical advantage over the release of completely sterile males

in the control of the potato tubermoth.

1.5.4 Field evaluation

Four quintals of potatoes purchased from market were stored

in each of two well ventilated insect proof storage structures (2.5 x
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2.5 x 2.5 m) erected under a shed. Coinciding with moth emergence

from the stored potatoes, daily release of sterile males (irradiated with

0.45 KGy) in one of the cubicles was initiated and was continued for

10 days. Thi.s was repeated, coinciding with moth emergence of the

^2 generation. Data obtained from this trial are given in Tables 3 and
4 and indicate that control of tubermoth under storage is feasible by
the SIT.

2. Spotted bollworm of cotton

The spotted bollworm is a serious pest of cotton, okra and other

cultivated malvaceous crops. Being an internal feeder it invariably

escapes insecticidal treatment and is therefore difficult to control.

Biological control has also not shown much promise, thereby warranting

alternate approc-h.

2.1 Hybrid sterility

Hybrids between closely related species of animals can occur

and they are sterile. Since hybrids may not be reproductively isolated

in the field from either of its parents, Vanderplank (1944) proposed

ths> the phenomenon of hybrid sterility could be a possible approach

to insect control. In nature, hybrids between closely related insect

species are of rare occurrence because of reproductive barriers. However,

by artificial breakdown of these barriers, hybrids could be obtained

under laboratory conditions.

To facilitate hybridization between _E. vittella, and its closely

related species _E. insulana investigations were undertaken to obtain

detailed information on various basic aspects of their reproductive beha-

viour and to identify factors responsible for isolation. Salient obser-

vations from this investigation were the following (1) Access to okra

fruit was essential for the manifestation of the reproductive behaviour

and reproduction in _E. insulana. In the case of _£. vittella there was

no such dependence on the okra fruit. (2) Long scotophase condition



Table 3. Fertility of feral females sampled during the sterile male release programme.

Sampling period

Treatment

Percent females that laid
Non-viable viable

eggs eggs

Control
Egg Percent femaies that laid

Hatch(%) Non-viable viable
eggs eggs

Egg
Hatch(%)

During the first
release schedule
(Fj generation)

During the second
release schedule
(F« generation)

50.0

80.0

10.0

0.0

11.3 0.0

0.0

80.0

10.0

76.1

95.7



Table 4. Adult emergence from potato samples drawn during the sterile male release programme.

Sample collected Total adult emergence Increase in population

Treatment Control Treatment Control

Prior to release 16 16 -
(Parent generation)

End of the first release 67 239 4.2X X44.9
schedule (F. generation/

End of the second 141 603 8.8X X50.1
release (F , generation)



was unfavourable for the reproduction in _E. insulana but was favourable

for _E. vittella. (3) Females of both the species exhibited a multiple

mating behaviour and multimated females were more fecund. The corre-

lation between fecundity and mating frequency was more pronounced

in the case of _E. insulana. (4) Variation in mating rhythms, pheromone

specificity, difference in courtship behaviour and differential influence

of the host plant material and photoperiod were responsible for main-

taining reproductive isolation between the two species. By suitably

modifying these differential requirements, interspecific hybrids were

obtained and their reproductive behaviour was evaluated F.. male progeny

from a cross between _E. insulana male and _E. vittella female did not

inseminate E. insulana females but readily fertilized _E. vittella females

which laid normal component of viable eggs (Table 5). On the other

hand, F^ male progeny from a cross between _E. vittella male and _E.

insulana female, though readily fertilized _E. vittella female, the F_

generation larvae failed to reach adult stage (Table 6). These obser-

vations, therefore, indicate that hybrid male obtained from matings

between E. vittella male and _E. insulana female could have a potential

for use in the control of_E. vittella but not so in the case of E. insulana.

r~1 males from the reciprocal parental cross, however, do not hold promise

for the control of either bollworm species.

2.2 Interactions with host and non host-plants

Studies on the dynamic interaction of insects with their host

and non-host plants have revealed plethora of information as to how

insects choose or reject plants for feeding and oviposition. This infor-

mation on the optimally designed defence of plants against insects could

be of great help in evolving a viable method for insect control. Investi-

gations were therefore undertaken to evaluate the interaction of _E.

vittella with its preferred and non-preferred malvaceous plants as well

as non-host plants belonging to other families. When newly hatched

larvae were reared on host plants such as Abelmoschus esculentus,



Table 5. Reproductive performance of Fl progeny from the E. insulana male X E. vtttella female parental
cross when back crossed or inter crossed as shown.

Cross

F

Ev

Ev

Fl

Fl

Ev

Ei

Fl

F«Femaic; M

M

Ev

Ei

Ev

El

Fl

Fl

Fl

-Male;

Number of
pairs

45

45

15

15

15

15

15

Ev.E. vftteila; Ei«E.

Number
inseminated

38

9

15

0

8

0

5

Insulana

Number of eggs
per female

199.80

219.33

319.75

-

179.00

-

402.2

Egg hatch
(%)

93.7

35.56

88.27

-

92.2

-

66.2

Sex ratio
of adults

M:F

1:0.98

1:0.79

1:0.70

-

1:0.88

-

1:0.49



Table 6. Reproductive performance of Fl progeny from the E. vettetta male X E. Insulana female
parental cross when back crossed or inter crossed as shown.

Cross
F

El

Ei

Fl

Fl

Ev

El

Fl

M

El

Ev

Ev

Ei

Ei

Fl

Fl

Number
of pairs

45

45

IS

IS

15

IS

14

Number
inseminated

36

12

3

0

5

2

4

Number of
eggs per

female

166.3

168.5

333.0

-

216.0

98.0

247.75

Egg hatch
(%>

92.2

39.47

69.67

-

83.56

0.0

88.89

Sex ratio of F ,
adults M;F

1:1.03

1:1.03

1:433

-

0:0

0:0

1:2.33

F-Female; M-Male; Ev-E. vittella; EWE. insulana
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Hibiscus cannabinus, Abutilon inriicum, Gossypium hirsutum and Hibiscus

rosasinensis, J\. esculentus was found to be the most and J \ . indicum

the least suitable for growth and development. This diversity in suita-

bility was due to variation in the efficiency of conversion of ingested

and digested food. It was also observed that the preference for ovi-

position did not coincide with the preference by the larvae for feeding.

.A- 'ndicum, the least preferred host for feeding, was most preferred

for avipositian. The relative preference exhibited for different host

plants for oviposition did not get altered by rearing the insect on diffe-

rent host plants. As regards induction of preference for feeding, there

was no clearcut evidence for the induction. Host plants on which the

larvae were reared influenced susceptibility of larvae to phosalone,

an org anophosphate insecticide. Larvae reared on _G. hirsutum were

plmost 2 times more tolerant than those reared on _A. indicum and

times more tolerant than those reared on the other host plants.

Newly hatched larvae failed to establish on whole fruits of Hibiscus

sabdariffa and ' Thespesia populnea, the two nonpreferred maivaceous

plants. However, their growth and development was normal when deve-

loping seeds of those plants were used as larval food. Failure of the

newly hatched larvae to establish on fruits of _rt sabdariffa was due

to the presence of solvent ether extractable compounds in the calyx

of the fruit which exhibited a. tifeedant activity. In the case of _T.

populnea, compounds with antifeedant activity were present in the fruit

pericarp.

Of the several non-host plants evaluated, leaves of Xanthium

strumarium and Blumea eriantha were totally rejected as food even

in the absence of cotton leaves. Solvent ether extractables of _X. stru-

marium leaves besides exhibiting strong antifeedant and oviposition

deterrent properties, significantly retarded growth when the larvae were

reared on leaves of giandless cotton treated with these extractables.

In the case of B. eriantha, the oil extracted from the leaves, besides
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showing feeding and oviposition deterrent properties, also affected the

reproductive behaviour of adult moths. When adult moths were exposed

for ?0 minutes to oil vapours, matings were significantly reduced as

compared to control and the inhibitory effect was more pronounced

on males than on female insect species.

3. Other research ac'/.'ities

3.1 5ex pheromones

Seasonal changes in male response to female sex pheromones

have been observed for many insect species and this has been attributed

to the fact that the response is programmed by the temperature regime

experienced during adult development in the pupal stage. Since larvae

of khapra beetle undergo facultative diapause under suboptimal tempe-

ratures, influence of temperature induced larval diapause on the response

of post-diapause males to the females sex pheromone was evaluated.

It was observed that with increase in time the larvae remained under

diapause, post-diapause males showed progressively reduced attraction

to the pneromone (Table 7) and this was because of an increase in the

threshold concentration for their pe?!« attraction (Fig. 3). The maximum

response of 72% of control males was obtained with 10 i l l of the phero-

mone extract and the response then decreased progressively with increa-

sing quantities of the pheromone extract used. On the other hand,

the maximum response of 95% of post-diapause males was obtained

with 30 ^ j | of the pheromone extract and with higher quantities the

decrease in response was more or less identical to that of control males.

Furthermore, even after reaching the same level of peak response of

72% as in the case of the non-diapause males at Ca 17^1 of the extract,

there was further increase in the level of attraction of post-diapause

males as the extract quantity was increased. These observations indicated

that there was a qualitative as well as a quantitative change in the

pheromone requirement of the post-diapause males. This was confirmed

when the pheromone from females that had undergone diapause for



Table 7. Influence of larval diapause on the response of

Trogoderma granarium males to female sex pheromone

Diapause
Time

(months)

0

3

4

5

6

8

Percent males
responded + SE

65 • 5.46

54 * 9.66

40 • 7.95

36 * 9.66

33 i 8.83

30 • 8.5
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PHEROMONE EXTRACTED

Fig.3 Effect of pheromone concentration on the
response of TROGODERMA GRANAR1UM males
o — o POST DIAPAUSE MALE(8Months)
• — • NON DIAPAUSE MALE
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12 months as larvae at 20°C, was extracted and tested (Table 8). These

observations indicate that for the male annihilation technique to be

effective in the control of the khapra beetle, increased concentrations

of the pheromone would be required and this again would depend on

duration of the larval diapause.

In insects, at optimum concBntrations, the sex pheromones induce

fixed patterns of behaviour in conspecific individuals and so have a

potential for adversely modifying the normal reproductive behaviour.

Use of sex pheromones, therefore, has been advocated for insect control

and their successful use in the field has been demonstrated by several

workers. However, it has been routinely observed by many workers

that during laboratory bioassay of male response to the pheromone,

a certain proportion of males from a randomly selected group show

no response. Since pheromone perception in insects has been shown

to have a genetic basis and if the lack of response by a few individuals

reflects the proportion of different pheromonal phenotype(s) in the popu-

lation, then it is likely that, under selection pressure of the pheromone

used for male annihilation, such individuals may get segregated through

generations over a period of time. This possibility was evaluated using

the khapra beetle as a test insect. Non-responding males at the end

of 5 minutes from several bioassays were pooled, paired, with an equal

number of 1-2 day old virgin females from the same culture, to start

the next generation.

F"i males were similarly assayed and the non-responding ones
were used to start the next generation and this procedure was followed
in rearing successive generations. It was observed that as compared
with 70% males of the parent population responding, only 9% males
from the 18th generation of selection responded to the same quantity
of the pheromone extract (Fig. 4). In the 18th generation of selection,
there was a five fold increase in the pheromone concentration required
to elicit the same level of response as in the parent population. Maximal



Table 8. Response of non-diapause and post-diapause males to pheromone

isolated from non-diapause and post-diapause females.

Pheromone source Percent male response
(0.5 female equivalent) Non-diapause Post-diapause

male male

Non-diapause 33 22
female

Pcst-diapause 61 53
female
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attraction of control males was elicited with 10 jul of the extract and

for those of the 18th generation 50 ul were required (Fig. 5). Quali-

tative and quantitative change in the pheromone secreted by the selected

population was also evident (Table 9). Starting from the 13th generation

of selection and by applying a selection pressure 5 times more than

the one applied during the first 18 generations, another population was

selectively bred through several generations. Males of this population

in the 1Gth generation of selection showed a 1.75 fold increase in the

threshold concentration required to elicit maximum attraction as compared

to the parent population i.e. 18th generation of selection with 10 jul

of the pheromone extract as the selection pressure.

3.2 Insect pathology

3.2.1 Bacillus sphaericus

Two strains of gram positive, terminal rpore bearing bacterium,

Bacillus sphaericus were isolated from diseased larvae of Culex fatiqans

and were designated as ISPC-5 and ISPC-6. They have been assigned

numbers 2173 and 2377 respectively by the WHO. Although both the

strains belong to phage type IV and serotype 26a, 26b, they differ morpho-

logically in that unlike as in ISPC-5 a small parasporal body is attached

to the spore in ISPC-6. Both the strains are non pathogenic to larvae

of Anopheles Stephens! and Aedes aeqypti but very highly pathogenic

to larvae of Culex fatiqans, C. bitaeniorhynchus and_C. tritaeniorhynchus.

I5PC-5 proved more pathogenic than ISPC-6 when tested against second

instar larvae of _C. fatiqans. LC 50 values were 1.41 x 10^ spores/ml

for ISPC-5 and 1.95 x 101* spores/ml for ISPC-6.

_A. ISPC-5

Vegetative cells did not cause any mortality to larvae of _C.

fatiqans but the erunspores and different spore stages proved highly

pathogenic. In this strain the toxin is bound to the spore wall. In

bioassay studies the third-instar larvae, when diseased, exhibited black
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Table 9. Male response (%) to pheromone secreted by females of the

parent and the selected population

f m Pheromone secreted by females of
irom Selected population Parent population

Selected population 40 IS

Parent population 29 60
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and cream colour in the resulting cadavers. When third instar larvae

were treated with 2.7 x 10 spore/ml, the range of black cadavers

obtained was from 21 to 50 percent and the plate count per cadaver

ranged from 3.9 x 1CK to 4.8 x 10' spores/ml. In the case of cream

coi'our cadavers, the plate count ranged from 2.85 x 10 to 1.44 x 10

spores/ml thereby indicating that black cadavers have greater potential

as a recycling focus for causing epizootics in recurring larval infestations

of _C. fatiqans and this was experimentally proved. When tested under

natural environmental conditions of _C. fatiqans, the entomopathogen

was pathogenic even under highly polluted conditions and also under

alkaline conditions.

J3. I5FC-6

This strain of _B. sphaericus grew well in nutrient broth medium

with yeast extract supplemented with Ca++, Mg+, Mn++ as well as in

a medium containing sodium acetate, glutamate, isoleucine, thionine,

ammonium sulphate, calcium chloride, magnesium chloride and buffered

with phosphate. The growth, sporulation and toxicity of this strain

did not get adversely affected when cultured at 20°C or 37°C but only

the toxicity was reduced when cultured at 42°C. However, when recul-

tured at 30°C the toxicity was restored.

Following continuous subculturing, the organism was found to

loose its pathogenicity. Approximately 15.0% spore population after

continuous subculturing through six cycles, when plated on NYSM agar

medium, showed variations in clone size and colour. Sporulating cells

and spores from these colonies were nonpathogenic to _C. fatiqans larvae.

Based on physiological characteristics these nontoxic variants could

be grouped under two distinct classes.

Class I streptomycin sensitive-Kanamycin resistant and without

urease and exoprotease activity.

Class II streptomycin rp^'^tant-Kanamycin sensitive and with

urease f>"d exoproteasi activity.
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Frequency of occurrence for cl.iss I type variant was upto 10.0%

and that for the class II from 0.02 to 15.0%. The expression of these

characteristics of the two variants was however not reproducible. It

is surmised that the genetic determinants for the toxin reside on the

chromosome since the plasmids are absent in this strain. It was also

observed that plasmid such as P 194 from Staphylococcus aureus could

be introduced in this _B. sphaeriru.': jtrain but the plasmid could not

be autonomously and stably maintained in the organism. The toxin was

found to be of particular nature, proteinacpous and non-dialysable and

was located in the cell wallof presporulatinQ cells.

3.2.2 Bacillus thurinqiensis var. Kenyae (ISPC-7)

A gram positive crystalliferous sporebearing bacillus was isolated

from the diseased Thiacidas postica larvae. Using standard morphological,

biochemical and serological tests, it was identified as Bacillus thurinqiensis

var. Kenyae, Serotype 4a, 4c and piotype IV-2. This organism differs

from ISPC-1 in. its non-toxic nature to Culex fatiqans mosquito larvae

evm at higher doses.

Pathogenicity studies indicated that it was active against Heliothis

armiqera larval instars. First-instar larvae gave 98% mortalities of

(109 sp/ml), 97% (108 sp/ml) and 96% (107 sp/ml) dose levels within

5-7 days. At 109 sp/ml dose level 2nd, 3rd and 4th (early) instars gave

99.7%, 93.2%, 86.6% mortalities respectively after 13 days. The LC50

value for 2nd instar was 7.04 x 108 sp/ml and LT50 was 6.7 days.

This organism is pathogenic to larvae of armyworm, black hairy

caterpillar, lemon butterfly, eri silkworm and potato tuber moth. Protein

pattern studies indicated with PAGE method that there are 2 additional

bands in ISPC-1 and ISPC-4, when these are mijssing in ISPC-7 and

probably are responsible for mosquito pathogenicity. A small scale

field trial with ISPC-1, ISPC-4 and ISPC-7 on a Bengal gram crop indi-

cated that this organism also was equally effective against Heliothis

armiqera infestation in field.



Table 10. Effect of exposure of males to Blumea oil vapours on their reproductive ability

(Males were exposed to the oil vapours for 20 minutes)

Test insect Treatment
(ul of oil)

Percent
males mated

Preoviposition
period*
(days)

Average larval
progeny per
mated female

E. vlttella

P. opercutella

E. cautella

T. xranarlum

0
20

0

20

0

20

0

20

75
5

80

15

90

15

100

40

2.7
7.0

1.8

4.0

1.3

7.3

204

69

128
68

218

13

47

37

* Based on mated females.



Table 11. Response to female sex pheromone of P. opercuteila males exposed to Blumea oil

vapours (Males were exposed to 10 ui oil for 20 minutes).

Days after treatment v*»u* males Treated males

1 76 * 0.48 2 + 0.31

2 88*0.53 11 + 0.62

3 88 _• 0.53 16 + 0.28

4 87 • 0.38 15 • 0.57'

5 93 • 0.27 15 • 0.83

6 94 • 0.31 25 * 0.75

7 97 • 0.27 18 + 0.66
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3.3 Studies with Blumea eriantha oil

As reported earlier, the inhibitory effect of _B. eriantha oil

vapours on the reproductive behaviour of _Erias vittella was the result

of the inability of treated males to perceive the female sex pheromane.

Veracity of this which could be of general occurrence was determined

by using Phthorimaea operculella, Ephestia cautella and Troqoderma

qranarium as test insects. It was observed that in all these insect species,

incidence of mating was considerably reduced following exposure of

males for 20 minutes to 20 JJ\ of the oil (Table 10). Considerable redu-

ction in the average larval progeny of the mated females was due to

the extension of the preoviposition period caused by delay in mating.

In the case of _P. operculella and _T. qranarium inhibition or delay

in mating also resulted from the inability of males to perceive the phe-

romone. Furthermore, as was evident in the case of P. operculella (Table

11), the treated males did not recover fully from the oil effect even

after 7 days post-treatment.
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