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INTRODUCTION



INTRODUCTICN

Ecological and toxicological problems posed by the
insecticides used for the control of crop pests have been

-

widely felt. Many of the developing countries are import—
ing the synthetic chemicals required fof%%anufacturé@: of
pesticides. Tﬁe prohibitive rise in the prices of such
materials have reflected in.the cost of plant protection
operations at the farmer level in enormous proportions.
Therefore it has become necessary to find out new sources.
of cheaper and safer mate;ials suited for tackling pest
problems. Identifying suitable effective materials which
ére_locally available and liable for easy. use will go

a long way in employing cheap practices for the management

of pests of crops, especially of vegetables in small farms

and homesteads.

Plants are known to have allelochemicals which
modulate the behaviour‘of insects by acting as feeding
deterrents and growth inhibitors, making them suitable
for pest control from the time of application (Jacobson,
1980). A large number of such plants have been identified
during the last two decades in many parts of the world.

Many plants available in India including the classical

example Azadirachta indica Juss (Pradhan et al., 1963)

are reported for their pest control potential. Plants
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like Annona squamosa Linn. (Tattersfield and Pottery,

1940; Puttarudraiah and Bhatta, 1955), ACorus calamus Linn.

(Trehan, 1956), Nerium oleander Linn. and Calotropis procera

R.Br. (Puttarudriah and Bhatta, 1955), Ocimum basilicum

Linn. (Deshpande and Tipnis, 1977; Pandey et al., 1982),

Thevetia thevetiodes Juss. (Atal and Kapur, 1977 and

Freedman et al., 1979), Eupotorium odoratum Linn. (Ra jamma,

1982), Clerodendron infortunatum Linn. (1EI Ghar and

ET Sheikh, 1987), Lantana camara Linn. (Kumuda Sukdmar,

1988) and Pongamia glabra Vent. (Joshi and Rao, 1968;

Nigam, 1977 and Mohanty et al., 1988).

Presence of JH analogues in plants like Ocimum

basilicum Linn. (Nishida et al., 1984) and antijuvenile

hormones in Aqefatum conyzoides Linn. (Bowers, 1976) have

made pest control possible with plants products. Identi-
fication and isolation of usefui plant components which
can directly be utilized for pest control as suggested by
Radwanski (1980) can be made applicable ﬁnder the Indian
conditions. Based on this approach, plants which were
proved to have insect control activity under the bioecolo-
gical situations and available locally (Saradamma, 1989),
eight plants which were more efficient were selected.
Feasibility of these plants in® practical pest control as

their water extracts, the easiest form of formulation, uwas -



studied with the following ob jectives.

1. Screening the plants for their insect control activity
with reference to the pests of amaranthus and bhindi

in comparison with a conventional insecticide and an

insecticide of plant origin.

2. Augmenting the toxicity of water extracts with additives

that can be incorporated easily.

3. Assessing the efficacy of such water extracts in con-—
trolling the insect pests of amaranthus and bhindi,
its influence on non—tafget organisms and impact on
crop yield in a field experiment with reference to

insecticide of plant origin and conventional nature.

.
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REVIEW OF LITERATURE

A comprehensive review of the work done on the use

of plant extracts for insect control is attempted here.

l.1. Use of neem (Azadirachta indica Juss.) against insect
pests ’

Literature on the use of neem against different

insect pests are reviewed here.

N

1.1.1. Acalymma vittatum Fabr. (Chrysomelidae)

The deterrency of neem extracts against A. vittatum
‘was reported by Pierce (1981) who observed that spraying
of 0.1 pef cent neem extract on the musk melon seedlings
gave good protection for three days. Reed and Reed (1984)
also found that the crude formulations of neem seed was

effective on musk.melon against the striped cucumber beetle.

1l.1.2. Achoea janata Linn. (Noctuidée)

Ten per cent extract of neem leaves was found effec-

tive as feeding deterrent by Chari and Muralidharan (1985).

1.1.3. Aphis craccivora Koch. ‘(Aphididae)

Saradamma (1989) observed 100 per cent mortality of

A. craccivora in the laboratory when sprayed with water

extract of A. indica.
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1.1.3.1. A, gossypii Glover, (Aphididae)

First report. of the insecficidal property of neem
seed kernel was made by Cherian and Menon (1944) who found
that cold extracts of neem seed kernel was efficient as
an insecticide and their toxicity increased by addition
of‘soap, against A. gossypii. Asari and Nair (1972)
reported neem seed suspension against brinjal aphid effec-
tive at field level. In field trials conducted, Saradamma
(1989) observed that two per cent benzene extract of
A. indica could protect the crop upto 10 days after spraying

and it was on par with carbaryl 0.2 per cent.

1.,1.4. Amsacta moorei (Butlr.) (Arctiidae) »

Larvae of A. moorei.was seen to migrate from the
plots sprayed with neem kernel suspension to adjoining
unsprayed plots (Patel gg‘gl.,‘1968). Antifeedant property
of neem kernel extract against A. moorei was also evaluatedl

by Saxena (1982) in a field experiment.

1.1.5. Bagrada cruciferarum Kirk. (Pentatomidae)

Pandey et al. (1981) in experiments on the insecti-
cidal properties of mature drupes of Melia azadirach
against painted bug attacking turnip crop observed 100
and 93.33 per cent of mortality at 2 per cent concentration

of petroleum ether extract, under laboratory and field



conditions respectively,

1.1.6. Brevinea brassicae Linn. (Aphididae)

Kirpal Singh and Sharma (198%) reported that the
neem kernel suspension at 0.2 and 0.4 per cent, oil emul-
sion at 0.2 and 0.4 per cent and water extract of leaf at
2 per cent exhibited repellent effect and inhibited mean
aphid population from 45 to 60 per cent in pot and field

trials on cabbage and cauliflower.

N -

l1.1.7. Coccidohystrirx insolitus (Gr.) (Pseudococcidae)

In field trials conductedﬂﬁ% Saradamma (1989) found
that benzene extract of A. indica leaf gave substantial

reduction in population of brinjal mealy bug.

1.1.8. Chrotogonus trachypterus Kevan. (Acridiidae)

Sandhugurmel and Darshan Singh (1975) found in the
laboratory studies lucern plants sprayed with 2 per cent
neem fruit suspension was not fed, while light feeding

was observed on leaves treated with neem leaves.

1.1.9. Crocidolomia binotalis zell. (Pyralidae)

Two per cent neem extract was effective against

cabbage web worm in a field experiment (Fagoonee, 1980),
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1.1.10. Dysdercus cingulatus (F.) (Pyrrhocoridae)

Saradamma (1989) found that neem leaf extract gave

25 per cent of nymphal mortality and 50 per cent of mal-

formed adults.

1.1.11. Earias vitella Fb. (Noctuidae)

Water extracts of neem seed was reported toxic
against 5th instar larvae of E. vitella in the laboratory

by Chouhan and Qadri (1989).

1.1.12. Ephestia cautella walker. (Pyralidae)

Toxicity of neem leaves against E. cautella was

reported by Fry and Sons (1938).

1.1.13. Epitrix fuscula Harrow. (Chrysomelidae)

Reed and Reed (1984) reported that crude formulations
of neem seed was effective for the control of E. fuscula

. On aubergene.

1.1.14, Heliothis armigera (Hb.) (Noctuidae)

Kumar and Sangappa (1984) and Srivastava et al.
(1984) found that neem seed kernel extract and neem oil

w2re successful in the field for controlling H. armigera

but had no significant effect on yields.



1.1.14.1, H. zea (Boddie.) (Noctuidae)

Antifeeding and growth inhibitory activities of

chloroform extracts of M. azadirachta on H. zea was reported

by Mc.Millan et al. (1969).

1.1.15. Henisepilachna vigintioctopunctata (Fab.)
(Coccinellidae)

Saradamma (1989) reported that benzene extract of
neemn leaves effectively controlled the pest on brinjal on

par with carbaryl 0.2 per cent on 7th day after spraying.

1.1.16, Hypera postica Gyll. (Curculionidae)

Insecticidal property of neem leaves was first
explored by Chopra (1928) against lucern weevil and recorded

25 per cent larval mortality.

1.1.17. Leptinotarsa decemlineata Linn. (Chrysomelidae)

Reed and Reed (1984) found that crude formulation

of neem seed was effective against L. decemlineata on

aubergene.

1.1.18. Leucinodes orbonalis Guen. (Pyralidae)

Krishnamurthy Rao (1983) reported that petroleum
ether extract of neem at a dilution of 1:100 gave good

control of the pest.



1.1.19. Lipaphis pseudobrassi (Kalt.) (Aphididae)

Neem kernel and mixture of soap with kerosene were
found efficient in reducing the infestation of mustard

aphid and increasing the yields (Kabir and Mia, 1987).

1.1.20. Melonagromyza obtusa M. (Agromyzidae)

Neem kernel extracts gave good control of the pest

in field trials as reported by Srivastava et al. (1984).

1.1.21. Nephotettix virescens (Dist.) (Cicadellidae)

o
Saxena (1987) observed that neem cake applied to

soil was, quiet efficient against green leaf hoppers and

transmission of tungro virus.

1.1.22, Nilaparvata lugens (Stal.) (Delphacidae)

Rao and Rao (1979) studied the efficacy of neem
leaf extract spray at 1.0 per cent concentration against

BPH on potted rice seedlings and observed high mortality

after 48 hrs of application.,

1.1.23. Orseolia>oryzae (Wood-Mason) (Cecidomyidae)

Saroja (1986) reported that neem kernel extract,
neem cake and neem leaf extract effectively controlled the
major rice pests and were superior to phosphamidon ® 500 ml/

ha against gall midge.
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1.1.24. Pieris brassics® Linn. (Pieridae)

The neem fruit suspension was found effective in

controlling cabbage butterfly as reported by Sandhugurmel

and Darshan Singh (1975).

1.1.25. Plutella xylostella (L.) (Yponomeutidae)

Steets (1975) reported that neem leaf extract at
2 and-S per cent concentration killed the pest on beans
ahd cabbage. 1In field trials conducted,” % Mongting and
Sudderuddin (1978) foung alcohol extracts of the neem seed

as most toxic to P. xylostella on turnip. Adhikary (1985)

conducted field trials with crude methanol extracts, aqueous '
suspension of seed kernels and leaves of neem and found
that crude methanol extracts of neem seed at 2 and 4 per cent

was more efficient than the standard insecticides mevinphos

and deltamethrin.

1.1.26. Popillia japonica Newn (Scarabaeidae).

Ladd et al. (1978) reported that sessafras and
soyabean could be protected from Japanese beetle with

agqueows emulsion and alcohol extracts of neem seed.

1.1.27. Rhopalosiphum nympharae (Fitsch) (Aphididae)

Goyal et al. (1971) found neem cake effective for

the control of aphids.



1.1.28. Schistocerca qregarié F. (Acridiidae)

Medicago arbora treated with the extract of fresh

neem leaves were not fed by S. gregaria upto 7th day

(Sergent, 1944). Pradhan et al. (1963) reported that
S. ggggarié swarms could not feed on crops sprayed with
0.1 per cent neem kernel suspension at the rate of

300-600 l/ha. Goyal et al. (1971) also observed neem cake

effective for the control of S. gregaria.

1.1.29. Scirpophaga inéertulas Walk. (Pyralidae)

Saroja (1986) reported that neem kernel, neem cake

and neem leaf extract .were not toxic to rice stem borer.

1.1.30. Selepa docilis Btlr. (Noctuidae)

Toxicity of neem emulsion to leaf roller on aubergine

was reported by Cobbinah and Osei-owusu (1988).

1.1.31. Spodoptera frugiperda Fb. (Noctuidae)

Mc. Millan et al. (1969) reported extracts of

M. azadirach had the antifeeding and growth inhibitory

!
|
i

activities on S. frugiperda.

1.1.32. 8. litura Fb. (Noctuidae)

~ Antifeedant and repellent;action of neem kernel

extract on tobacco caterpillar was observed by Joshi and



Ramprasad (1975) in laboratory studies. Under field éondi-
tions one to five per cent neem seed kernel suspension in
water was féund as good as fentin acetate (0.007S per cent)
-and fentin hydroxide 0.075 per cent. (Joshi et al., 1978).
Two per cent aqueous suspension of neem seed kernel was
recorded as an ovipositional repellent by Joshi and
Sitaramiah (1979). Antifeedant action of neem kernel
extract to larvae of S. litura on sweet potato was also

reported by Abdul Kareem (1980).

Ramprasad et al. (1987) suggested that tobacco
nurseries could be protected against S. litura by using
the neem seed suspension. Strong hormonal effects of crude

extract of neem leaves to S. litura was reported by Saradamma

(1989).

1.1.33. Trichoplusia ni (Hubner) (Noctuidae)

Reed and Reed (1984) reported that crude formul ation

of neem seed protected musk melon in field trials against

1.1.34. Urentius echinus (Rict.) (Tingidae)

Cherian and Menon (1944) observed cold extracts of
neem seed kernel efficient for control of the pest and
toxicity of neem emulsion was reported by Cobbinah and

Osei-owusu (1988).
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1.2. Use of yellow oleander (Thevatia sSpp. Juss) against
insect pests

1.2.1. Acalymma vittatum Fabr. (Chrysomelidae)

Reed et al. (1981) studying the antifeedant property

of 350 natural products and reported that neriiforin

(I. thevetiodes) was most effective against A. vittatum,

1.2.2. A. craccivora Koch. (Aphididae)

In the laboratory trial to evaluate the insecticidal
properties of plants extracted with different solvents,

Saradamma (1989) found that water extract of T.-neriifolia

leaves produced 88.08 per cent of mortality of the aphids.

1.2.2.1. A. gossypii Glover (Aphididae)

Saradamma (1989) reported the contact toxicity of
benzene extract and water extracts of yellow oleander

leaves to brinjal aphid and was effective in protectlng

to the crop in the field.

1.2.3. Henésepilachna vigintiotopunctata (Fab.)
(Coccinellidae)

Leaf extract of T. neriifolia was found toxic to

ebilachna beetle in brinjal and bittergourd by Saradamma

(1989).
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1.2.4. Ostrina nubilalis (Hb) (Pyralidae)

Mc. Laughlin et al. (1980) reported that ethanol

extract of mexican yellow oleander seeds T. thevetiodes

was lethal to European Corn borer producing 100 per cent

larval mortality when incorporated into its diet.

1.3. Use of Clerodendron spp Linn. against insect control

1.3.1. A. gossypii Glover (Aphididae)

Saradamma (1989) observed reduction in population

of aphids in brinjal when sprayed with two per cent benzene

extract of C. infortunatum. -

1.3.2. Cylas formicarius F. (Curculionidae)

Leaves of C. infortunatum incorporated into the
soil at 5000 kg/ha one week prior to planting of sweet potato

vines reduced in the infestation by sweet potato weevil

(Rajamma, 1982).

'1.3.3. D. cingulatus (F.) {Pyrrhocoridae)

In the laboratory studies, Saradamma (1989) found

that water extracts of C. infortunatum produced 6.84 and

22.72 per cent nymphal mortality upto fifth and five days
after spraying respectively and 22,72 per cent of test

insects emerged as malformed adults.



1.3.4. H. vigintioctopunctata Fab. (Coccinellidae)

Benzene extract of C. infortunatum at two per cent

concentration controlled epilachna beetle on bittergourad,

was on par with cérbaryl 0.2 per cent upto two weeks after

treatment (Saradamma, 1989),

1.3.5. S. litura Fb. (Noctuidae)

Laboratory studies by Hosozawa et al. (1974) revealed
that as 1 per cent ether extract of C. fragrans gave 80-100

Per cent protection from third instar larvae of S. litura.

l.4. Use of oleander (Nerium oleander Linn.) against
insect pests

1.4.1. A. gossypii Glover (Aphididae)

Saradamma (1989) reported that two per cent benzene
extract of nerium leaves reduced the population of brinjal

aphid significantly.

1.4.2. D. cingulatus (F.) (Pyrrohocoridae)

Water extracts of dried nerium leaves was found to

have hormonal activity on red cotton bug (Saradamma, 1989),.

1.4.3. 3. litura Fb. (Noctuidae)

Two per cent water extract of leaf produced 10 and

-

20 ﬁer cent of test population as malformed and dead pupae



-
%

respectively found by Saradamma (1989) in laboratofy

studies.

1.4.4. S. gregaria F. (acridiidae)

Chandra and Thapar (1985) reported nerium as a
deterrent, when the maize leaves were sand wiched with a
paste made by crushing the leaves of kaner while one per cent

agqueous suspension was ineffective,

1l.5. Use of eupatorium (E. odoratum Linn.) against insect
pests

1.5.1. Cylas formicarius F. (Curculionidae)

Ra jamma (1982) observed that the infestation by
sweet potato weevil was reduced by the incorporation of

eupatorium leaves into the soil prior to planting.

1.5.2. C. insolitus (Gr.) (Pseudococcidae)

Benzene extract of two per cent eupatorium leaves

was found effective to brinjal mealybug by Saradamma (1989).

1.6. Use of custard apple (Annona squamosa Linn.) against

insect pests

Puttarudraiah and Bhatta (1955) reported the insecti-

cidal properties of custard apple.

1.6.1. Dactynotus carthami HRL. (Aphididae)

Alcohol extracts of A. squamosa was found useful
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against safflower aphid by Deshmukh and Borle (1975).

1.6.2. Nephotettix virescens (Dist.) (Cicadellidae)

Mafiappan and Saxena (1983) reported custard apple

oil effective against rice green leaf hopper and reduced

the incidence of rice tungro virus disease.

1.6.3. Nilaparvata lugens. (Stal.) (Delphacidae)

Toxicity was enhanced against BPH when neem oil and
custard apple oil was combined at 2:]1 ratios (Reguraman

et al., 1988).

1.6.4. S. litura Fb. (Noctuidae)

Deshmukh and Borle (1975) found that alcohol extracts

of A. squamosa had effective to the tobacco caterpillar.

1.7. Use of Pongamia spp Vent. against insect control

1.7.1. Diacrisia obliqua walk. (Arctiidae)

Mohanty et al. (1988) reported antifeedant action

of seed extracts of P. pinnata against D. obliqua.

1.7.2. Holotrichia consanguinea Blanch. (Melolonthinae)

Karanjan cake was found toxic to white grubs by

Nigam (1977).

1.7.3. Mesomorphus villiger (Blanch) (Tenebrionidae)

Joshi and Rao (1968) reported that cake of P. glabra



at 1, 5 or 10 g was effective to control M. villiger on

tobacco seedlings under field conditions.

1.7.4. N. virescens (Dist.) (Cicadellidae)

P. pinnata was found more effective than neem oil
in reducing the field population of leaf hoppers and trans-

mission of virus (Mariappan et al., 1988).

1.7.5. Opatroides frater F. (Tenebrionidae)

In a field trial Joshi and Rao (1968) reported
pongamia cake efficient fof the control of the pest of

tobacco seedlings.

1.7.6. Scleron latipes (Quen.) (Tenebrionidae’)

Insecticidal activity of pongamia cake against

S. latipes was observed by Joshi and Rao (1968).

1.7.7. S. litura Fb. (Noctuidae)

Srimanarayana et al. (1988) reported that antifeedant
activity of Karanjin cake and seed extract of P. glabra

against S. litura ranged from 73.33 to 86.88 pPer cent.

1.8. Use of extract of Calotropis gigantea R.Br against
insect pests 4

1.8.1. S. gregaria F. (Acridiidae)

Rao and Mehrotra (1977) found that benzene and water



extracts and also alkaloid fractions of the leaves of

C. gigantea were having deterrent action on S. gregaria.

1.9. Use of extract of Ageratum conyzoides Linn. against

insect pests

1.9.1. Pthorimaea operculella (Zell.) (Gelechiidae)

Laboratory tests by Pandey et al. (1982) showed
that two per cent leaf extract was effective against fifth

instar larvae of potato tuber moth.

1.10. Use of extract of Argimone mexicana against insect

pest

1.10.1. Bagrada cruciferarum Kirk (Pentatomidae)

Pandey et al. (1981) reported that petroleum ether

extract of A. mexicana gave 86.66 and 56.66 per cent morta-

lity of B. cruciferarum in the laboratory and field experi-

ments respectively.
1.11. Use of Tulsi (Ocimum spp L.) against insect pests
1.11.1. D. obligua Wlk. (Arctiidae)

Srivastava and Pandey (1983) observed that seed
extract of 0. sanctum and 0. bhasilicum produced 100 and
85 per cent of larval mortality respectively.

1.11.2. Dysdercus sp F. (Pyrrhocoridae)

while screening certain plants for their juvenile
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hormone like activity to red cotton bug Gopalan and
Madhusudhan (1981) found that leaves and stem extracts of

0. basilicum were having active pfinciples to Dysdercus sp.

1.11.3. H. armigera (Hb.) (Noctuidae)

Pandey et al. (1983) observed 51,11 to 90 per cent
mortality of pod borer larvae with seed extracts of

0O, basilicum.

1.11.4, P, overculella (Zell.) (Gelechiidae)

0. basilicum seed extracts were also toxic to potato

tuber moth (Pandey et al., 1982).

17.11.5. S. litura F. (Noctuidae)
Juvenile hormone property of leaf and stem extracts
of O. basilicum on tobacco caterpillar was reported by

Gopalan and Madhusudhan (1981).

1.12. Use of sweet flag (Acorus calamus L.) against insect

pests
1.12.1. A, gossypii Glover. (Aphididae)

Pandey et al. (1983) observed that 72 hrs after
treatment with petroleum ether extracts of rhizomes of
A, calamus at varying concentrations produced more than

45 per cent mortality on aphids.



1.12.2. H. armigera (Hb.) (Noctuidae)

Pandey et al. (1983) evaluated the efficacy of some
insecticides of plant origin to gram caterpillar and found
that A. calamus was effective in minimising the population

of H. armigera.

1.12.3. P. operculella (Zell.) (Gelechiidae)

Two per cent extract of rhizomes was reported toxic

to fifth instar larvae of potato tuber moth by Pandey et al.
(1982).
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MATERIALS AND METHODS

2.1. Evaluation of aqueous leaf extracts for the insect
control activity

Water extracts of eight plants viz., Azadirachta

indica Juss, Thevatia neriifolia Juss, Clerodendron

infortunatum (Linn), Nerium oleander (Linn), Eupatorium

odoratum (Linn), Annona squamosa (Linn), Pongamia glabra

(Vent) and Calotropis gigantea (R.Br) were evaluated against

the pests of amaranthus and bhindi in a pot culture experi-

ment.

2,1.1. Preparation of water extract

2.1.1.1. qulection of leaves from the test plants

Approximately 5 kgs of fresh green leaves of each
plant, excluding tender and senile ones collected from the

Instructional Farm, College of Agriculture, Vellayani, were

used for the preparation of water extracts.

2.1.1.2. Preparation of leaf powder

The leaves were thoroughly washed with water to
remove dirt and dried in a room at room temperature with
frequent raking for 10 to 15 déys, till the leaves became

brittle. The dried leaves were finely griowm in an electric

grinder. -



2.1.1.3. Method of extréction

Eighty_g of leaf powder of each.test plant was put
in muslin cloth bag and soaked in 1000 ml of water con-
tained in a cylindfical-jar for 24 hrs. The cloth bag
was then squeezed repeatedly for draining off the solution
completely. The extracts were filtered through cheese
cloth and the volume was made upto one litre. This agqueous
suspension was trééted as 8 per cent (W/V) stock extract

of plant material and was serially diluted to obtain solu-

tions of two and four per cent concentrations required

for the different ékperiments.

2.1.2. Experimental design

The experiment was conducted using a completely
randomised design ﬁith three replications and nineteen
treatments involving eight plants at two concentrations
(2 and 4 per centi tobacco decoction as per~£he recommenda-
tions in Kerala Agricuitural bniversity package of practices
(1989), carbaryl 0.2 per cent spray as the insecticidg

standard and water spray as control were used,

2.1.3. Evaluation of plant extracts against pests of
amaranthus

The evaluation was made in a pot culture experiment

using completely randomised block design.



2.1.3.1. Raising amaranthus in pots

Pots of size 30 x 30 cm were filled with potting
mixture'of 1:1:1 proportiqn of soil, cowdung and sand.
Twenty five day old amaranthus seedlings (variety - Kannara
local) were transplanted at the rate of three seedlings
per pot. The crop was raised following the recommendations

in the package of practices of Kerala Agricultural Univer-

sity (1989).

-

2.1.3.2. Monitoring pest population in amaranthus

The number of P. basalis larvae present in the

webbings were recorded at'weekly intervals.

2,1.3.3. Application of plant extracts

Water extracts of the plants were sprayed when the
pest population caused significantly visible injury.

Thorough spraying was made using a pneumatic Knapsack

sprayer of 9 1 capacity to the run off point.

2.1.3.4. Assessment of results

Pretreatment counts just before the spraying-and
post treatment counts two days after spraying and there-
after at seven day intervals were recorded. The data were
analysed using analysis of covariance technique with

covariate as pretreatment counts.
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2.1.4, Evaluation of plant extracts against pests of bhindi
The evaluation was done in a pot culture experiment

using completely randomised design.

2.1.4.1, Raising bhindi crop in pots

A Pots were prepared as described in para 2.1.3.1.,
In each pot four bhindi seeds (variety - Vellayani local)
were sown and the crop was raised adopting the package of

practice recommendations of Kerala Agricultural University

(1989).
2.1.4,2. Monitoring insect population in potted plants

Pest population was recorded at five day intervals.
2.1.4,2.1, Bhindi aphid Aphis gossypii (Aphididae)

The aphid ﬁOpulation was recorded from six square cm
area from the second, third and fourth leaves from the tip
of the plant.

2.1.4,2.2. Bhindi jassids Amrasca biguttula biguttula
(Cicadellidae)

The jassid population was recorded following the
procedure described by Krishnaiah et al. (1979). Counting

the jassids in the second, third and fourth leaves from

the tip of plant.
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2.1.4.2.3. Shoot and fruit borer Earias vitella (Noctuidae)

Damage due to E. vitella was assessed by counting
the total shoots and infested shoots. Damage due to boring
was assesséd in terms of the total number of fruits and -

fruits damaged at each observation.

2.1.4.2.4. Natural enemies of insect pests

Plants were examined for the predator beetle

Chilomenus sexmaculata and number was recorded. The para-

sitised life stages of the pests were reared in the labora-

tory and emerging parasites were recorded daily.

2.1.4.3. Application of plant extracts

Water extracts of the plants were sprayed when the
- a
pest population attained levele¢that caused visible damage

as mentioned in péra 2.1.3.3.. 0

. 2.1.4.4. Assessment of resﬁlps

Pretreatment and post-treatment counts of A. gossypii,

§. biguttula biguttula, E. vitella and C. sexmaculata were

recorded at two days after treatment and thereafter at
five day intervais. The data were analysed as described
in para 2.1.3.4 and the treatmﬁnfs significantly superior

controlling the pests were selected for further. studies.



2.2. Augnentation of toxicity of plant extracts by the use
of additives

Water extracts of five plants found from effective

-

in the previous experiments viz., Neem, Thevetia, Clerodendron,

Nerium and Eupatorium at 2, 4 and 8 per cent concentrations
(W/V) were mixed with 1 and 2 per cent of teepol, 1 and
2 per cent coconut oil and 0.4 pef cent soapwater and

tested égainst Spodoptera litura and Aphis gossypii in the

laboratory.

2.2.1. Rearing of test insects

’

2.2.1.1. S. litura (Noctuidae)

Larvae of S. litura collected from the Instrucfional
Farm, Colleée of Agriculture, Vellayani were -reared in the
laboratory on castor leaves in glass troughs of 30 cm width.
The adults emerged were provided with honey solution in
cotton pad and allowed to mate in round glass jars. Castor
leaves were provided in the jars for egg laying. Eggs were
collected daily and transferred to separate glass troughs

for hatching. The newly hatched larvae were fed with fresh
1 .

castor leaves till the fourth instar stage which were used
- for the experiment-
2.2.1.2. A. gossypii (Aphididae)

Adults of A. gossypii were collected from bhindi



plants in the field and reared on bhindi shoots, the cut
ends of which were dipped in water contained in small

bottles to maintain the turgidity of leaves. The cylin-
drical glass troughs in which the culture was maintaineg
were covered with mgslin cloth. Fresh shoots were reple-

nished as and when required. Aphids in the penultimate

instars, were collected from the culture for the experiment.

2.2.2. Preparation of stock solutions

2.2.2.1. Water extracts of plants

Sixty g of leaf powder of each test plant was
extracted in 300 ml of water as described in para 2.1.1.3

and the volume was made upto 300 ml, to obtain 20 per cent

extract which weresused as the stock extract.

2.2.2.2. One per cent teepol

Ten g of teepol was thoroughly mixed with 90 ml of

water.

2.2.2.3. Four per cent soap water

Four g of ordinary bar soap was sliced and dissolved

in 96 ml water and made upto 100 ml.

2.2.2.4. Coconut oil

Coconut oil obtained from the market was used and

was treated as 100 per cent pure.



2.2.3. Preparation of spray solutions

Materials used for preparing twenty five ml of
different spray solutions for different treatment combina-
tions were prepared using calculated quantity of plant

extracts of different concentrations and additives.

2.2.4. Application of spray solutions on the test insects

2.2.4.1. S. litura

One ml of each solution was sprayed topically from
potter's tower on ten newly moulted fourth instar larvae
of §.'litura taken in clean pe;ridishes, which formed one
replication. Ten larvae sprayed with water were kept as
control. The treated larvae under each replication were
then transferred to glass chimney placed over petridish
provided with fresh castor leaves. The open end of the

chimney's were covered with muslin cloth. Three replica-

tions were maintained for each treatment.

2.2.4.2. A, gossypii

Ten aphids of penultimate instars were applied witﬁ
each treatment as in para 2.2.4.1. and were then trans-—
ferred to fresh tender leaves of bhindi kept in glass
chimney's by using camel hair brush and allowed to feed
as mentioned in bara 2.2.1.2. Three replications were

maintained for each treatment.,



2.2.5. Asgessment of results

2.2.5.1. S. litura

All the treated larvae were kept under observation
for 24 hrs after spraying and thereafter at 48 hrs interval
until they died or emerged as adults/adultoids. Larval
.mortality, lerval pupal mosaic, pupal mortality and adults
malformation were recorded and the data were subjected to

statistical analysis.

2.2.5.2. A. gossypii

Mortality of aphids was recorded after the first
24 hrs and then at 48 hrs intervals. The data were sub-

jected to statistical analysis.

2.3. Efficacy of selected plant extracts in the management
of pests of amaranthus and bhindi in the field
Field experlment was conducted to evaluate the
efficacy of selected plant extracts added with the additive

seen more effective in the laboratory trial.

2.3.1. Experiment site

The experiment was laid out in the Instructionel
Farm, College of Agficulture, Vellayani in the summer rice

fallow during the month of February to May 1990.



2.3.2. Amaranthus
2.3.2.1. Raising nursery

Seeds of amaranthus (variety - Kannara local)
obtained from the Instructional Farm were used for raising

the seedlings in nursery. Twenty five day old seedlings

were transplanted in the main field.

2.3.2.2. Preparation of the experiment field

The experimental area was ploughed well and weedg

were removed. Clods were broken to get a fine tilth and

the field was levelled.

2.3.2,4. Layout

The experiment was laid out adopting a randomiséd
block design with 15 treatments and three replications.
Each plot had a whole plot size of 2.16 sq mts (1.8 x 1.2 m)
with a net plot size of 0.72 sq mts leaving one row of

plants on all sides and the plant population in net plot

area was 12.

2.3.2.5. Raising the crop

Twenty five day old amaranthus seedlings were
transplanted at a spacing of 30 x 20 cm. All the Crop

husbandry operations (except plant protection) were carried
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out as per the package of practices recommended by the

Kerala Agricultural University (1989).

2.3.3. Bhindi

2.3.3.1- IJayOut

The experiment was laid out adopting a randomized
block design with 15 treatments and three replications.
The whole plot size was 4.32 sq mts (2.4 x 1.8 m) with a

net plot size of 1.44 sq mts having eight plants in the

het plot.

2.3.3.2. Raising the crop

The cfop was raised in shallow trenches with a
spacing of 45 cm between plants and 60 cm between rows.
Two seeds per pit (twelve seeds/row) were dibbled and
fifteen days after germination one healthy plant pervpit
was retained (six in each row) and other removed. All
cultural operations suggested in package of practices
(1989) of the Kerala Agricultural University for railsing

bhindi were followed excluding the plant protection measures.

2.3.4. Treatments

Agqueous. extracts of neem, thevatia, and clerodendron
at 2 per cent and 4 per cent concentrations and the extracts

in combination with 0.4 per cent soapwater were tried in



comparison with carbaryl 0.2 per cent (as a standard
insecticide), tobacco decoction (as a standard insecticide

of plant origin) and water spray (as control).

2.3.5. Preparation of stock solutions

2.3.5.1. Plant extracts

Two hundred and forty g of leaf powder of each
test plant was extracted in three litres of water following
the procedure described in para 2.1.1.3. The volume was
made upto 3000 ml and obtéined the stock extracts of

8 per cent concentration.

2.3.5.2. Soapwater

Sixty g of bar soap was dissolved in water as
mentioned in para 2.2.2.3 and tﬁe volume was made upto

one litre for obtaining six per cent stock solution.

2.3.6. Preparation of spray solutions

Carbaryl 0.2 per cent spray solution was prepared
by mixing 8 g of 50 per cent W.D.P. obtained from Rhone-

Poulene Agrochemicals (India) Ltd., in water and volume

was made upto 2 1.

Tobacco decoction was prepared as rer the package

of practices recommended by the Kerala Agricultural Univer-

sity (1989).



2.3.7. Application of spray solutions

The spray solutions were applied in the respective
plots using a pneumatic hand compression sprayer of nine 1
capacity when the peét population caused injury at visible
levels. Screens were provided a;ound the plots to prevent
contamination through drift. a thorough and uniform cove-

rage of plant parts was ensured.

2.3.8. Assessment of results

2.3.8.1. Amaranthus grasshopper Attractomorpha crenulata
(Acriididae)

Early stage of the crop was damaged by grasshoppers.
The leaf area damaged in four plants, selected at random,
from the net plot area was observed. The intensity of

damage was scored on the scale given belows:

Scale Per cent damage Score
1 1-20 10
2 21-40 30
3 41 -60 50
4 61-80 70
5 81-~100 90

The middle values of scale were taken as the score
values. The number of leaves damaged in 4 plants was

recorded and were grouped in different scores. The number



of damaged leaves under each score was multiplied with
corresponding score valué. This value was then divided
by the total number of damaged leaves. The derived figure
was taken as the index of leaf damage in a plot. The data

were then sub jected to statistical analysis.,

2.3.8.2. Leaf webber Psara basalis (Pyralidae)

Population of P. basalis larvae was recorded at
weekly intervals by counting the larvae in the leaf folds.
Four plants were selected at random from each plot for
observation. Weight of the damaged leaves at harvest was

also collected and the data were sub jected to statistical

analysis.

2.3.8.3. Yield

Weight of plants after removing the damaged leaves
if ény was recorded at harvest, data were sub jected to

statistical analysis.

2.3.9. Collection of data in bhindi
2.3.9.1. Bhindi grasshopper A. crenulata (Acridiidae)

Four plants at the middle of the experimental plot,
which formed the observation unit were observed and inten-
sity of leaf damage was calculated as explained in para

2.3.8.1. The data were subjected to statistical analysis.
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2.3.9.2. Bhindi aphids A. gossypii (Aphididae)

The incidence of A. gossypii on four plants in the
observation unit of each plot was recorded as described

in para 2.1.4.2.1..

2.3.9.3. Leaf hoppers @; bigquttula Biguttula (Cicadelidae)

Data on leaf hopper infestation were collected from

four plants in net plot. area as mentioned in para 2.1.4.2.2.

2.3.9.4. sylepta derogata (Pyralidae) on bhindi

Number. of leaf rolls with the larvae were recorded

from four plants selected at random from the net plot area

of each plot.

2.3.9.5. Shoot and fruit borer g{ vitella (Noctuidae)
of bhindi '
Observation unit consisted of 8 plants in the netﬁ
plot area. Fruits harvested from each plot at five day
intervals were sorted out as damaged and healthy and the

number’ and weights were recorded. Thé data were subjected

to statistical analysis.:

2.3.9.6. Natural enemies of insect pests

Observations were recorded from four plants in the

net plot area as described in para 2.1.4.2.4 and sub jected

' to statistical analysis.



213.9-7'- Yield

The yield obtained from each net plot at 5 day

intervals were recorded and the data were statistically

analysed.

CA)
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RESULTS

3. Results of different experiments carried out with a
view to ascertaining the feasibility of controlling

vegetable pests with plant extracts are presentéd in
this chapter.

3.1. Evaluation of water extracts for insect control
activity '

3.1.1. Effect of plant extracts on amaranthus leaf webber
P. basalis

Data relating to the experiment were subjected to

statistical analysis and presented in Table 1.

At two-days after spraying (DAS) ‘the mean larval
population was least in plants treated with carbaryl

0.2 per cent (1.05) followed by T. neriifolia four per cent

(3.42) and two per cent (4.92) and C. infortunatum 4 per cent
(5.72) in descending order. Tobacco decoction and other

extracts were on par with control (9.62).

On 7th day also carbaryl 0.2 per cent (0. 10) was

more effic1ent than the plant extracts followed by

I. neriifolia 4 per cent (2.06), E. odoratum 4 per cent

(3.73), C. infortunatum 4 per cent (4.05) and T. neriifolia

2 per cent (4.21) in their order of efficacy. E. odoratum
2 per cent (6.08), A. indica 4 per cent (6.56) were infe-

rior to the above superior to other treatments including

control,



Table 'l. Mean larval population of amaranthus leaf webber P. basalis observed at
different intervals after spraying and the yield
" Mean number of larvae bbserved Mean yield
Treatments at different periods after spraying . (gms/pot)*
(days) Mean
2 7 14
A. indica extract 2 per cent 7.45 7.15 6.79 6.66
{2.90) ab  (2.85)bcd (2,79)abcdef (2.58)f 140 ef
" 4 per’ cent 7.66 6.56 4.91 5.18
: (2.94)ab (2.74)cde (2.43)def (2.27)g 141.7 ef
T. neriifolia extract 2 per cent 4.92 4.21 5.22 4.86
(2.43)ca (2.28)efg (2.49)cdef (2.20)g 160 fg
" 4 per cent 3.42 2.06 1.79 2.60
(2.10)d (1.78)g (1.67)g (1.61)h 171.7 ¢
C. infortunatum extract 8.20 7.05 6.78 6.81
2 pér cent (3.03)a (2.83)bcd (2.79)abcdef (2.61)F 135.7 Gef
" 4 peér cent 5.72 4.05 4.34 4,70
(2.59)be (2.24)efg (2.31)efg (2.17)g 143.3 fg
N. oleander extract 2 pér cent 8,04 9,67 9.68 10.11
(3.00)ab (3.26)abc  (3.26)a {3.18)ab 94 a
" 4 pdr cent 8,80 10.15 9.08 8.14
(3.12)a (3.33)ab (3.17)abe (2.85)de 96.3 a
E. odoratum extract 2 per cent 9.60 6.08 5.46. 7.66 '
(3.25)a (2.66)def (2.54)bcdef (2.77)ef 127.3 bed
" 4 pdr cent 7.33 3.73 3.48 5.39 .
(2.88)ab (2.17)£g (2.11)fg (2.32)g 125 cd
A. squamosa extract 2 pér cent 9,59 11.05 9.99 9.50
(3.25)a (3.47)a (3.31)a (3.08)abcd  102.7 ab
" 4 per cent” 9,03 7.36 8.03 8.4 f
(3.16)a (2.89)abed (3.00)abede  (2.91)de 105.0 ab
P. glabra extract 2 per cent 8,49 10.11 8.55 10,22
(3.07)a (3.33)ab  (3.09)abed  (3.20)ab 195.3a
" 4 per cent 8.83 10,22 10,22 8.88
(3.13)a (3.34)ab  (3.34)a (2.98)bcde 120 be
C. gigantea extract 2 per cent 8.23 9.98 9.27 8.55
T : (3.03)a (3.31)abc  (3.20)abc (2.92)cde 105 ab
" 4 per cent 8.05 10.36 9.36 9.87
(3.00)ab (3.37)ab  (3.21)ab (3.14)abe 101.7 a
Tobacco decoction 9.58 10.26 8.16 9.06
(3.24)a (3.35)ab (3.02)abcd (3.01)bca 106.7 ab
Carbaryl 0.2 per cent 1.05 0.10 0.33 0.63
(1.44)e {0.95)h (0.82)h (0.80)4 173.3 ¢
Control 9.62 10.60 '9.64 10.64
(3.25)a (3.40)ab (3.26)a (3.26)a 90 a
Cp 0.386 0.503 0.612 Lid *k

Figures in parentheses are transformed values .[x

Means in columns followed by the same letter

at 5% leve

1

are not significantly different

*Data compared by DMRT: rest of the data were subjected to analysis of
covariance



40

On 14th DAS carbaryl 0.2 per cent (0.33) continued
to be more efficient than leaf extracts, four per cent

extract of T. neriifolia with a mean population of 1.79

ranked next on bar with 4 per cent E. odoratum (3.48) and

4 per cent C. infortunatum (4.34). Plants treated with

A. indica 4 per cent, T. neriifolia 2 per cent and

E. odoratum 2 per cent had a mean population of 4.91, 5.22
and 5.46 respectively, and were intermediate in efficacy
compared with the mean pbpulétion of 9.64 in the control
pot.

The mean population computed for the entire crop

season was least in pots treated with carbaryl 0.2 per cent

(0.63) and it was followed by 4 per cent extract of

T. neriifolia (with larval population 2.60), C. infortunatum

4 per cent (4,70), T. neriifolia 2 per cent (4.86),

A. indica 4 per cent (5.18) and E. odoratum 4 per cent

(5.39). A. indica 2 per cent, C. infortunatum 2 per cent

and E. odoratum 2 ﬁer cent had a mean population‘of 6.66

to 7.66 which were significantly superior to the remaining
treatments. A. squamosa 2 per .cent, C. gigantea 4 per cent,
N. oleander 2 per cent and P. glabra 2 per cent were in
efficient in reducing the pest population, and rest of the

treatments viz. N. oleander 4 per cent, A. Squamosa 4 per

cent, C. gigantea 2 per cent, P. glabra 4 per cent and



tobacco decoction were superior to control.

The mean leaf yield obtained was highest in pots

treated with carbaryl 0.2 per cent, extract of.T. neriifolia

4 per cent, T. neriifolia 2 per cent and C. infortunatum

4 per cent (173.33, 171.67, 160.00 and 143.33 g respec-
tively). Tobacco decoction, C. gigantea 2 per cent,

A. squamosa 4 and 2 per cent; E."oleander 4 per cent and

2 per cent, C. gigantea 4 per cent and P. glabra 2 per cent,
were on par with control and mean leaf yield varied from

106.67 to 90 g. The leaf yield of remaining treatments

were significantly more than the control.

3.1.2. Evaluation of plant extracts against pests of
bhindi

3.1.2.1. Effect of plant extracts on A. gossypii

Data collected on the mean aphid population (Table 2)
revealed that carbaryl 0.2 per cent followed by tobacco

decoction and T. neriifolia were more efficient treatments

which reduced the mean aphid population to 35.52, 52.14 and
55.79 respectively. The remaining treatments except

T. neriifolia 2 per cent (68.08), A. indica 4 per cent

(93.66) and 2 per cent (96.52) were ineffective and on par
with control (139.39) with mean population varying from
110.29 to 133.91. On 5th DAS a similar trend was observed

with carbaryl 0.2 per cent, tobacco decoction and
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T. neriifolia 4 per cent. The mean population in pots
treated with A. indica 4 per cent (53.01) and 2 per cent

(61.24) were on par with that T. neriifolia 2 per cent

(52.41), followed by C. infortunatum 4 per cent (81.59).

Other treatments had no significant difference with con-—
trol. Efficacy of carbaryl 0.2 per cent, tobacco decoction

and T. neriifolia 4 per cent continued on 10th day after

spraying also. The pattern of aphid population in other
treatments were similaf to those in the previous observa-
tion. ©On 15th day éfter spraying nb treatment was superior
to control and the mean population ranged from 68.97 under

N. oleander 4 per cent to 107.59 under C. infortunatum

4 per cent.

Two days after second spraying T. neriifolia

4 per cent with mean aphid population of 48.25 was ranked
next to carbaryl 0.2 per cent (24.30). ' It was also on par

with tobacco decoction (53.06) and T. neriifolia 2 per cent

(56.68). The highest mean aphid population was recorded
under'é. squamosa (89.32) and it did not show sigﬁificant
variation with the rest of the treatments. On 5th day
after second Spraying the least mean population (13.h1) ‘
was under carbaryl 0.2 per cent followed by tobacco decoc-

tion (28.55) and T. neriifolia 4 per cent (30.00).

T. neriifolia 2 per cent (41.25),»5. indica 4 per cent



Tadble 2, Mean paptn:c_ruq: of bhindl gphids.A, goppypii at

different intervala afior spraying

Faon population of ephids obaerved “(por 6 ca h-t) at

different intervals after -treatment

= days oi%er ZITST
ye or spraying ~days aZ%or 8e0oLA SPTaYILE days elter third opraying .
2 5 10 15 2 . B, 10 L 2 5 10 15, aan”
A- indics extract 2 per cont 96.52 61,24 51.15 99.75 €9.77 57,60 52.95 45,92 32.82 26.77 20,30 12.34 49,22
(9.68)c (7.89)a (7.23)c (10.04) (8.41)bc  (7.66)b (7.35)abe (6.85)bcd  (5.82)abc (5.27)ab (4.62)a (3.65)abcds (7.02)g
- .« - 93,66 53,01 40.45 89.60 62.10 54,99 <3.47 43,87 27.27 17.91 11,55 8.82 43.73
(5.73)c (7.35)d (6.44)c (9.52) (7.94)ca  (7.48)b (7,03)bc (6.70)bca (5.32)bcd (4.35)cde (3.54)bcd  (3.13)cdef (6.61)h
I. periifolia extract 2 * 68,08 52.41 39,04 96,30 56,68 41.25 29.99 41.77 32,38 19.11 ©11.61 5.15 38.46
- , (8.31)a (7.31)d (6.33)cd (9.86) (7.59)88  (6.50)c (5.57)a - (6.54)bcd (5.78)abc (4.48)bcde  (3.55)bed  (2.48)f¢h  (6.20)4
- 4 o 55,79 35,15 24.63 . 91.96 48.25 30,00 25.98 41,33 . 19,18 15.27 9.22 2.54 33,53
(1.54)e  (6.02)e (5.07)d  ~ (9.64) (7.02)e  (5.57)a  (5.19)a (6.51)bcda  (4.49)e (4.03)e (3.20)a  (1.88)gh  (5.79)4
€. infortunstum extract 2 = 128,48 .103.17 95,23 103.59 77.32 70.44 55,94 40.32 39,06 24.95 © o 17.39 5.08 67.24
(11.39)ab  (10.21)b (9.81)ab  (0.23): (8.85)ab  (B.45)a  (7.55)abc  (6.43)bca  (6+33)a (5.09)abcd  (4.29)ad  (3.18)bclef (8.20)abc
b 4" 110,29 81.59 86,71 107.59 , 80.51 69.78 52,09 42,25 34.41 17.05 12.88 6.38 55,84
. (10.97)b (9.09)c (9.37)ab  (10.42) (5.03)ab  (B.41)a (7.29)abc (6.58)bcd  (5.95)ab (4.25)cde (3.73)abcd (2.72)efqg  (7.47)f
H. Qleander extrect 2° 125.96 119,11 93,02 80,75 80.73 76,34 55.34 39.32 35,95 23,84 15,54 11.39 70,04
(11.28)ab (10.96)ab (9.70)ab (9.04) (9.04)ab  (B.79)a (7.51)abc . (6.35)bcd (6.08)ab (4.98)abcd  (4.07)abed (3.52)bcdef (8.37)ab
" 4% 128,97 112.98 75.66 68,97 - 70,95 69.34 51.46 43,36 34.91 17.70 16,62 16.65 69.03
(11.41)ab  (10.67)ad (8.76)b (8.36) (8.48)bc  (B8.39)a (7.24)abc (6.66)0cd (5.99)ab (4.32)cde (4.20)ab  (4.20)abc  (B.31)ab
E. odoratum extract 2= 128,54 101.73 96,57 102,69 80.70 80.49 60.45 46.24 32.07 24,61 13,57 12.25 55,92
(11.38)ab (10.14)b (9.88)ab  (10.18) (9.04)ab (9.03)a (7.84)abc (6.87)becd (5.75)abc (5.06)abcd  (3,82)abcd (3.64)abcde (7.48)¢
- 4" 135,62 117.94 90.10 74.62 78.70 77.51 55.42 44,04 24.97 17.11 12.28 12.67 66,19
(11.69)a  (10.91)sb (9.55)ab (8.69) (8.93)ab  (B.86)a (7.51)abc (6.71)bcd  (5.10)cde (4.26)cde (3.64)bcd  (3.70)cbcds (8.14)bcd
A gqusmosy axtrect 2° 132,84 126.52 97.69 75.94 69,32 82,49 64.97 51,81 34.67 20,68 14.56 7.57 69.58
-{11.57)eb  (11,30)a (9.93)ed ,  (8,77) (9.50)a (9.14)a (8.12)a (7.,37)8b (5.97)ab (4.65)abcds  (3.55)ebcd (4 J)ab (9.34)ad
* 4" 126.84 116,23 95,35 92,33 ° 80.55 80,53 54,38 36,62 31.63 2.9 14,14 13,23 55,89 ‘
(11.30)ab (10.83)sb (9.82)ab (9.66) (9.03)ab (9.03)a (7.44)abc {6.13)ca (5.71)ebc (4.79)abcde  (3.89)abcd (3.77)abcde (7.40)¢
R. gladbra cxtract 2° 132,46 115.77 92.93 70.96 79.09 82.59 64.67 50.00 29.10 25.59 12.43 . 7.95 69.04
(11.55)ab (10.61)ab (9.70)ab (8.48) (8.95)ab  (9.14)a (6.10)a (7.14)abc (5.49)bcd {(5.16}abc (3.66)bca  (2.99)def  (B.21)sd
* 4" 132,56 119,95 92.25 76,95 77.51 79.36 63,62 60,68 28,28 23.15 13,20 14,47 60.46
(11.56)ab (10.99)ad (9.66)ab (8.83) {8.86)ab (8,96)a (8.04)ab (7.85)a (5.41)bca (4.91)abcde  (3.77)abed (3,93)adcd  (7.78)def
€. gloantea extract 2" 129.66 105.76 77.47 ° 82.43 78,37 75.21 55.30 33.08 27.43 23.60 15.80 17.70 59.82
(11.44)ab (10.33)ab (8.85)ab (9.13) (8.91)ab  (8.73)e (7.50)abc (5.84)8 (5.33)bcd (4.96)abcd  (4.10)abc  (4.32)eb (7.73)ef
- 4 133,91 108.97 104.19 91.05 73.46 72.64 53.55 35,50 29.43 29.60 17.63 14,90 62.13
(11.62)ab (10.48)ab  (10.26)a (9.59) (8.63)bc  (B.51)a (7.39)abe (6.04)a (5.52)bcd  (5.53)e (4.32)ab  (3.99)abcd (7.88)cde
Tobacco docoction 52,14 34.88 36.78 90,63 53,06 28.55 47.70 40,85 25.26 16.72 9.69 7.08 38,54
(7.29)e (5.98)e (6.15)ca (9.57) (7.35)88  (5.44)4 (6.98)c (6.47)bcd (5.12)cde (4.21)de (3.27)cd  (2.84)defg (6.24)h4
Carbaryl 0.2 per cant - 35,52 16,11 13.10 74.30 24.30 13.21 25.86 36,13 11.95 3.64 1.59 1.40 18.11
. .(6.04)€ (4.14)F (3.76)e (8.68) (5.03)¢ (3.77)e (5.18)a (6.09)b (3.60)f (2.15)f (1.61)e (1.55)h (4.26)%
Cantrol 139.39 126.79 93,27 80,99 75.99 69.08 57.44 45.84 22.88 21.24 19.92 21.54 73,22
(11.85)a  (11.31)a (9.71)ab (9.05) (8.77)ab  (B8.37)a (7.64)abe (6.84)bcd (4.89)de (4.72)abcde  (4.57)e (4.75)a (8.56)a
cp 0.601 0,861 1.26 N.S. 0.642 0.672 0.885 ‘0.877 10,677 0.774 0.756 0.983 "~

Means followad by a canmon letter are not significantly different at 5%
level

Figures in parenthcses are values after J— transformation
Mean of thrso lcaves per plant

*Data cooparod by DMRT: rest of the data wore subjocted to
analysis of covariance
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(54.99) and 2 per cent (57.60) also were found to be supe-

rior to other treatments. Ten days after second spraying

carbéryl 0.2 per cent, T. neriifolia 4 per cent and 2 per cent
were superior to 6ther'treatments and on par, with mean
population of 25.86, 25.98 and 29.99 respectively. Tobacco
deqoétion with a mean population of 47.70 ranked next, rest

of the 15 treatments were on par with control. Fifteen

days after spraying all the treatments came on par with
control and a gradual decrease in the control population

‘could be observed in all the periodical observations.

Ten days after third spraying carbaryl 0.2 per cent

continued to be superior tc T. neriifolia 4 per cent being
11.95 and 19.18, 3.64 and 15.27, and 1.59 and 9.22 for
2, 5 and 10 days after spraying respectively. Plants

sprayed with C. infortunatum 2 per cent'and 4 per cent,

N. oleander at both concentrations, A. squamosa at two
concentrations and E. odoratum 2 per cent had a higher
level of populétion than in control (22.88). The other

" treatments were‘on par with control. Five days after
épraying the variations in population in the treatments,
except carbaryl 0.2 per cent; was not statistically signi-

ficant, though the population ranged from 15.27 in

T. neriifolia 4 per cent to 25.59 under P. glabra 2 per cent.



Ten days. after treatment T. neriifolia 4 per cent

(9.22) came on par with tobacco decoction (9.69), which

were also on par with A. indica 4 per cent (11.55),

I. periifolia 2 per cent (11.61), E. odoratum 4 per cent

(12.28) and P. glabra 2 per cent (12.43). The other treat—

ments were on par with control. oOn fifteenth day the

effect of carbaryl 0.2 per cent and T. neriifolia 4 per cent

were on par with a mean population 1.40 and 2.54 respec-
tively as against the population of 21.54 under control,

T. neriifolia 2 per cent, C. infortunatum 4 per cent,

tobacco decoction, P. glabra 2 per cent, A. indica 4 per cent,

c. infortunatum 2 per cent and N. oleander 2 per cent with
mean population varying from 5.15 to 11.39 were superior

to the rest of the treatments including control.

Analysis of the mean aphid population computed for
the entire crop season revealed that carbaryl 0.2 per cent

had the least population (18.11). T. neriifolia 4 per cent

was ranked next (33.53) followed by T. neriifolia 2 per cent

(38.46), which was on par with tobacco decoction (38.94)
and A. indica 4 -per cent (43.73). The other treatments
in a descending order of efficacy were A. indica 2 per cent

- (49.22), C. infortunatum 4 per cent (55.84), A. sguamosa

4 per cent (55.88), E. odoratum 2 per cent (55.92),

C. gigantea 2 per cent'(59.82), P. glabra 4 per cent . (60.46)



and E. odoratum 4 per cent (66.19), the rest of the treat-

ments were on par with control (73.22).

3.1.2.2. Effect of plant extracts on ‘A. biguttula biguttula

All the plént extracts were significantly superior
to control, but inferior to carbaryl 0,2 per cent at two
days after first spraying the mean leaf hopper pepulation
varying from 15.10 to 43.90 against 52.67 in control. Popu~
lation under carbaryl 0.2 per cent was the least upto
10 DAS. At 15 DAS the plant extracts A. indica 2 per cent
and 4 per cent were on par with carbaryl O.é per cent. Two

days after spraying extracts of C. infortunatum 4 per cent

(15.10) and T. neriifolia 4 per cent (15.94) were the more

effective in controlling the jassids than A. indica 4 per cent

(21.54), T. neriifolia 2 per cent (25.65) and C. infortunatum

2 per cent (27.64). The other treatments were of moderate

effect. On fifth day C. infortunatum 4 per cent (15.44),

T. neriifolia 4 per'cent (16.63), C. infortunatum 2 per cent

(18.32) and A. indica 4 per cent (19.93) weré the extracts
which controlled the pest population effectively when com-
pared to control (60.81). The other effective treatments

in descending order were A. indica 2 per cent (24.31),

T. neriifolia 2 per cent {25.72), P. glabra 2 per cent

(31.25). Other treatments exceot A. squamosa 2 and 4 per

TN

cent, C. gigantea 2 per cent and tobacco decoction were of



47

intermediate effect, The population observed at ten days
after spraying A. indica 2 per cent (39.31), followed

€. infortunatum 2 per cent (41.26), A. indica 4 per cent

(42.60), T. neriifolia 4 per cent (44.24) and C. infortunatum

4 per cent (46.06) were next to carbaryl 0.2 per cent with
mean leaf hopper population (25.20) against the control
population 62.65. But the extracts of N. oleander 4 per cent
and 2 per cent which were effective at 5 DAS were on par
with control on tenth day, the other inefficient treatments
were A. sQuamosa-2 and 4 per cent, C. gigantea 2 and

4 per cent and tobacco decoction. Observation made on the
15th day A. indica 2 per cent (45.35) was the most effec—
tive plant extract, which was on par with carbaryl 0.2 per

cent (48.24) and A. indica 4 per cent (49.59). T. neriifolia

2 and 4 per cent, C. infortunatum 2 and 4 per cent,

E. odoratum 4 per cent and P. glabra 4 per cent were ranked

next and rest of the treatments were on par with control.

Two days after second spraying carbaryl 0.2 per cent
with mean population of 9.78, was most effective followed

by both concentrations of A. indica, T. neriifolia and

C. infortunatum with mean population ranging from 30.70
to 37.82. N. oleander 4 per cent with 48.99 and E. odoratum
4 per cent with 50.38 ranked next. No other treatment was

significantly superior to control (65.47). Data collected



on fifth day after second spraying revealed T. nerijifolia

4 per cent (25.16), C. infortunatum 4 per cent (26.65) as

the treatments next in efficacy to carbaryl 0.2 per cent

'(7.45). The other effective treatments were C. infortunatum

2 per cent, A. indica 4 per cent, T. neriifolia 2 per cent

and A. indica 2 per cent with mean population of 30.00,
32.56, 35.38 and 35.64 respectively. On the tenth day.

after second spraying showed that C. infortunatum 4 per cent

(24.64) was the best treatment which was on par with

T. neriifolia 4 per cent (26.63), C. infortunatum 2 per cent

(28.53), carbaryl 0.2 per cent (30.01) and T. neriifolia

2 per cent (33.57). A. indica 2 and 4 per cent, N. oleander
2 and 4 per cent, E. odoratum 4 per cent were also highly
effective in controliing the pest with population range

of 40.12 to 51.83 compared with mean population 71.36 under
control. Counts of the jassids observed on fifteenth day

showed C. infortunatum 4 per cent (47.06) more efficient

than carbaryl 0.2 per cent (53.61), and extracts of

T. neriifolia at both coricentrations and C. infortunatum

2 per cent were on par with it. The treatments A. indica
4 per cent and 2 per cent and 'N. oleander at both concen-
trations Qith mean population ranging from 56.31 to 60.98
were also-effective in reducing the pest population comparéd

! '

to the control population 73.32.



- . Teble 3. Fesn popaluiicn of leaf hoppers (A pfzuttwle bimuttula  obsorved zt differant intsrvals aftsr spraying

Hecn population of leaf Loppers cbeerved st diff  erent intervals after treatoent

L 3
2 Mamn
freatnents days after first spraylng days after socond gpraylng days after third apraying : -
2 5 10 15 2 5 10 13 2 3 1o 1
A. imdica axtract 2 per cont 31.29 2631 39.33 45,35 37,05 35,64 46,07 60,93 54,74 46,34 42.c9 38,79 40,65
== (5.68)efgh (5,03)ht (6.35)g (6.81)¢g (6.17)4 (6.05)er  (6.86)2g (7.87)cef (7.47)cde (6.88)e (6.56)€ (6.31)bcd  (6.38)n
n 4 per cent 21.54 19.93 42,60 9.59 34,49 32,56 40,12 56,31 43.49 35,18 25.74 25,58 33,39
(4.75)4 (4.57)4) (6.60)efg (7 11)efg (5.96)d (S.79)€ (6.41)g (7.57)¢g (6.67)¢ (6.01)¢ (5.17)n (5.18)e (5.78)4
T. neriifolie 25,65 - 25.72 48,54 55.85 37.82 35.38 33,57 49.86 41.27 36.09 31.12 27.55 35,64
T T extract 2 per cent (5.16)hd (5.17)¢h (7.08)cdef  (7.54)des (6.23)a (6.03)ef  (5.88)n (7.14)ht  (6.50)¢ (6.09) £ (5.67)g (s.33)e (5.97)1
. 4 per cent 15.94 16.62 44.24 56,20 32,54 25.16 26.63 48.97 32.37 25,12 20.41 16.29 29.48
(4.12)] (4.20) § (6.73)efg  (7.56)4s (5.79)a {5.11)g (5.26)1] (7.07)ht  (5,78)g (5.11)g" (4.63)1 (4.16)2 (5.43)4
C. infortunatum ©27.64 18.32 41.26 57.55 30.70 30,00  28.53 50.13 43,42 34.77 31,26 27.64 33,80
= extract 2 per cent (5.35)gh (4.40) 3 (6.50)£g (7.65)cd (5.63)d (5.57)fg (5.43)hij (7.15)hs  (6.66)F (5.98)f (5.68)g *(5.35)e (5.81)4
4 per cent 15.10 15.44 46,05 57.81 31.40 26,65 24,64 47.06 35,70 26.36 21,41 16,79 27.91
(4.01) 3 (4.05) ] (6.86)efg (7.67)cd (5.69)d (5.26)g (5.03) 3 (6.92)1 (6.06)g (5.23)g (6.73)1 (4.22)¢ (5.28) )
N. gleander . 33.61 46.61 61.76 60.25 56.83 52.86 51,83 60,91 53,17 51.69 48.05 39.70 51.40
T extract 2 per cent (5.88)defg (6.90)cd (7.92)8b (7.83)bcd (7.61)ebe  (7.34)c (7.27)cf  (7.87)ef  (7.36)e (7.26)cde (7.00)e (6.38)ebcd  (7.17)€g
. - 4 por cont 37.00 36.61 63,07 65.21 48,99 42,95 80.42 56,84 53,73 50,09 47,23 39.00 48,21
(6.16)bcde  (6.13)ef (8.31)a (8.14)2be (7.07)c (6.63)d (6.44)g (7.61)£g  (7.40)de (7.15)de (6.94)ef (6.32)bca  ({6.94)g
E. gdoratun : 35,28 34,82 56.26 62.10 58.42 55,78 55,79 65,65 53.76 54,16 48.66 39.19 52,31
extract 2 per cemt (6.02)&f  (5.95)ef (7.57)bcd  (7.94)abed  (7.71)cb (7.54)bc  (7.54)88 (B.16)cde (7.40)de (7.43)ca (7.05)da (6.34)bcd  (7.23)eg
. 4 per cont 29.19 38.26 50,25 57.42 50,38 41.85 45,90 66,72 54.22 57.30 50.02 39.20 48,63
. (5.49)fgh  (6.27)e (7.18)céa  {7.64)c4 (7.17)bc (6.55)az  (6.91)¢ (B.23)bcd  (7.43)¢a (7.64)c (7.14)cds - (6.34)bcd  (6.97)g
A. £QUAROER 39,80 54.96 61,22 62.95 56,38 59,23 63,90 71.82 €4.90 65.77 60,81 44.28 60.90
= axtract 2 por cent (6.39)bcd  (7.48)ab (7.89)ed (8.00)abcd  (7.57)abec  (7.76)abc (B.06)abec (B.53)ab  (8.12)a (8.17)b - (7.86)a (6.73)are  (7.80)ate
. &4 per cont 43.90 56,99 64,80 62.07 . 58.55 56,38 . 58.12 67.89 59,49 66.64 49.03 36.83 55,86
{6.70)b (7.62)ab (8.11)ab (7.94)abcd  (7.72)ad (7.57)bc  (7.69)cde (B.31)ebc (7.71)bede (8.22)b (7.07)de (6.15)a (7.47)d0
S 36.00 31.25 56.44 63,93 59.04 5.94 63,91 69,98 63,34 67.57 54,20 43.52 57,53
B. glabrg extrect 2 parss (lc)se  (SisB)eq  (7.56)bc  (3:06)abod  (7.75)eb Bine  (sl06)ebe (a.42)enc (B.02)ab (8.28)b (7.43)bcd (5.67)abcd  (7.58)do
o 4 paer cent 37.85 41.19 47.81 57.09 $6.81 59.86 63,93 65.79 59.78 67.70 52.84 42,25 54.42
(6.23)bcde  (6.50)de (6.99)80f  (7.62)cdo (7.60)abc  (7.80)abc (8.06)abc (B8.17)cds {7.80)abe {8.29)ab (7.34)bcda (6.58)abcd  (7.35)des
C. gimantes 40,02 57,59 66,51 67,16 89,31 57,84 57.36 66,53 65.26 69.14 58,39 45.66 61.08
= - extract 2 por oent (6.41)bcd  (7.65)ab (8.22)a (8.26)ab (7.77)ed (7.67)bc  (7.64)cds  (8,22)bcdo (8.14)a (8.38)eb (7.71)ab (6.83)ab (7.82)abe
= 4 per cont 43,63 49,65 59.20 64,64 58,47 62.40 62.26 70.73 64.79 75.01 61,25 45.74 . 61.85
{6.68)bc (7.12)bc (7.76)ab (8.10)abe (7.71)ad (7.96)ab  {7.95)bcd (B.47)abc (8.11)a (8.72)a (7.89)a (6.91)a (7.85)eb
Tob dacoction 36,20 56,54 62,27 69,83 59,78 60.28 67.32 71.21 58.83 69.09 55,89 40,71 . 52,41
obaceo o : (6:10)cde  (7.59)ab  (7.95)sb  (8.42)a (7.80)ab  (7.83)abc (B.27)ob  (B.50)ebe  (1.74)bed (6.37)ab (7.58)ebe (6.45)abcd  (7.90)ab
Carbaryl 0.2 per cent é.43 4.25 25,20  48.24 ‘ 9,78 ©7.45 30.01 53.61 19,53 1.95 2.66 0.81 16.36
er e 2.33)k (2.29)k (5.12)h - (7.02)£g (3.28)e (2.91)h (5.57)hi  (7.39)gh  (4.53)n (1.72)h (1.91) 3 (1.35)¢ (4.04)x
Control 52.67 60,01 62,65 70.06 65.47 66,53 71.38 73.32 62,54 €9.14 58.03 38.06 664,58
(7.33)a (7.86)a {7.98)ab (8.43)a (8.15)8 (8.22)a (8.51)a (8.62)2 (7.97)ab (8.37)ab (7.68)2b (6.25)cd 8,16a
P L]
cD 0.595 0.577 0.852 0.52¢ 0,632 0.522 0.468 0.358 0.434 0.410 0.558

Fiqures in parentheseas are transformed values |x

Means followed by same lettar aro not significantly different
% level
B ks mmcraread Wy TR » rmant af fhe da*s vwnra subiocctad to >



Data after the third spraying against leaf hopper
also showed that carbaryi 0.2 per cent was the most effec-
tive treatment upto 15 DAS. It was significantly superior
to all the plant extracts with mean population of 19.53,
1.95, 2.66 and 0.81 at 2, 5, 10 and 15 DAS respectively,
while in-contrql plants, mean population during this period

was 62.54, 69,14, 58.03 and 38.06 respectively. Among the

plant extracts T. neriifolia 4 per cent and C. infortunatum

4 per cent were superior to others with mean population
of 32.37 and 35.70, 25.12 and 26.36, 20.41 and 21.41 and
16.29 and 16.79 at 2, S5, 10 and 15 DAS regpectively. Both

the concentrations of A. squamosa, P. glabra, C. gigantea

and tobacco decoction remained ineffective at two and five
DAS with the mean population ranging from 58,49 to 65.26
and 65.77 to 75.01 against the control population 62.54
and 69.14 for £he two observations respectively. Rest of
the treatments were superior to the control. On tenth day
A. squamosa 4 per cent was found superior to control.
Remaining treatments had the same trend as in previous
observation. On the fifteenth day A. indica 4 per cent-

(25.58), T. neriifolia 2 per cent (27.55) and C. infortunatum

2 per cent (27.64) were next in effectiveness to

T. neriifolia 4 per cent (16.29), C. infortunatum 4 per cent

(16.79). The rest of the treatments were on par with con-

trol.
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Data on the mean population of leaf hoppers, during

the entire crop season, indicated C. infortunatum 4 per cent

and T. neriifolia 4 per cent as.the most effective leaf
extracts, which supported a mean popglation of 27.91 and
29.48 respectively, against the insecticide check which
was superior to them the population being 16.36 and control

(66.56). Extracts of A. indica 4 per cent (33.39),

C. infortunatum 2 per cent (33.80) and T. neriifolia

2 per cent (35.64) were ranked next followed by A. indica

2 per cent (40.65). The population under tobacco decoction
(62.41), C. gigantea 2 and 4 per cent (61.08 and 61.65)

and A. squamosa 2 per cent (60.90) were on par with control

and the rest of the treatments were superior to these

treatments.

3.1.2.3. Effect of plant extracts on shoot and fruit borer
E. vitella and yield
Pooled data regarding the infestation of shoot and

fruit borer and yield are presented in Table 4.

Mean percentage of shoot and fruit borer incidence
was least in plants treated with carbaryl 0.2 per cent

(7.30) and was on par with the extracts of T. neriifolia

4 per cent (18.88). A. indica 4 per cent (20.53) and

2 per cent (21.44), C. infortunatum 4 per cent (29.62),

I. periifolia 2 per cent (32.19), C. infortunatum 2 per cent



Table 4.

of bhindi and the yield

Effect of plant extracts on shoot and fruit borer E. vitella

‘Mean percentage of
fruits damaged by

Treatmenis

Mean yield of
healthy fruits

shoot and fruit borer (g/per pot)
(Pooled data)
A. indica extract 2 per cent 21.44 214.3 b
= (27.57) def
" 4 per cent 20.53 238 b
o (26.93) ef
T. nerilfolia extract 2 per cent 32.19 241.7 b
= (34.56)bcde
" 4 per cent 18.88 253.0 b
(25.74)ef
C. infortunatum extract 2 per cent 33.22 246.7 b
= (35.18) hcde
" 4 per cent 29.62 255.7 b
{(32.96) cde
N. oleander extract 2 per cent 47.62 127.7 a
= e (43.62) abc
" 4 per osnt 52.82 147.0 a
(46.50) ab
E. cdoratum extract 2 per cent 44,79 107.0 a
= T/ (41.99) abc
® 4 per cent 36.93 126.7 a
(37.41) bcde
A. Sguamosa extract 2 per cent 53.50 105.0 a
(46.99) ab
" 4 per cent 47.14 120.0 a
' (43.34) abc
P, glabra extract 2 T cené 63.11 129.0 a
- pe (52.58) a
o 4 r cent 49.13 109.7 a
. e (44.48) abc
C. gigantea extract 2 per cent 60.74 105.3 a
- pe (s1.18) a .
" 4 T cent 42,72 125.0 a
pe (40.30) abecd
d o 47.56 122.3 a
Tobacco decoctiocn (43.28) abc
Carbaryl 0,2 per cent 7.30 252.3 b
(15.66) £
Control 62.21 103.0 a
. (52.05) a

L

hig-4

Means followed by a common letter are not significantly

different at 5% level (DMRT)

Figures in parenthesa2s indicate angular values

)
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(33.22) and E. odoratum (36.93) also recorded 8ignificantly
low level of infestation compared to control (62.21).

Other treatménts were on par with the control.

Yield data of the healthy fruits recorded highest

yield from the plants treated with 2 and 4 per cent concen-

tration of extracts of C. infortunatum (246.66 énd 255.66. q),

I. neriifolia at both the concentrations (241.66 and

253.00 g) and A. indica at two concentrations (214.33 and
238.00 g) which were on par with carbaryl 0.2 per cent
(252.33 g). There was no significant variation in yiela
between the other treatments (147 to 105 g) and control-

(103 g).

3.2. Augmenting toxicity of plant extracts with additives

3.2.1. Data collected on the adult emergence of S. litura
from the larvae sprayed with combinations of plant
extracts and additives, at différent cdncentrations,
are presented in Table 5.

Among the treatments 8. per cent extract of

C. infortunatum mixed with 2 per cent teepol,bl per cent

teepol + 1 per cent coconut 0il, 1 per cent teepol, 0.4 per
cent soapwater-+ 1 per cent coconut oil, 2 per cent teepol +
1l per cent coconut oil and 0.4 per cent sSoapwater were more
effective which reduced.the mean emergence to 16.36, 19.31,

19.31, 19.31, 22.17, and 26.20 respectively, compared to
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80.69 per cent in 8 per cent extract. The next set of
treatments in their order of efficacy were 4 per cent

extract of C. infortunatum with 2 per cent teepol (36.10),

2 per cent teepol + 1 per cent coconut oil (36.45), 1 per

cent teepol (36.60) and T. neriifolia 8 per cent with

0.4 per cent soapwater + 1 per cent coconut o0il (36.60)

which were on par with above treatments except C. infortunatum

8 per cent with 2 per cent teepol. These were followed

by T. neriifolia 8 per cent + 0.4 per cent soapwater,

C. infortunatum 4 per cent + 0.4 per cent soapwater +

1 per cent coconut oil, C. infortunatum 4 per cent + 1 per

cent teepol + 1 per cent coconut oil, T. nerlifolia 8 per cent

+ 1 per cent teepol, T. neriifolia 8 per cent + 1 per cent

teepol + 1 per cent coconut oil, C. infortunatum 4 per cent +

0.4 per cent soapwater and T. neriifolia 8 per cent +

2 per cent teepol + 1 per cent coconut oil with the percen-
tage of normal adults varying from 39.36 to 43.31 and were

on par among themselves.

Extract of C. infortunatum 4 per cent with 0.4 per cent

soapwater was superior to 8 per cent extract of T. neriifolia

with 2 per cent teepol, A. indica 8 per cent + 0.4 per cent
soapwater + 1 per cent coconut oil, A. indica 8 per cent +
0.4 per cent soapwater and A. indica 8 per cent + 1 per cent

teepol. Two per cent extract of C. infortunatum with




Tcble 5. Meopn perceatags of normal sdults of . ldsura obtained frea fourth inster lazv ¥ 9PF

ayed with difforont plant extracts

A. indica

T. poritfolia

‘C. infortupatum

-

extract 4 additives N. olean E. odoratum " overall
- affact of
% 4% 223 2% 4 29 % 4o 8% A % ax% % 4% =3 additivae
extract + 1% tospol 88,40 63,55 50.00 63,40 56,84 42,16 $0,00 36,60 19.3 83,64 73.80 63.55 100.00 100.00 93.31
tiom (70.08) (52.84) (44.98) (52.75) (48.91) (41.,05) (44.98) (37.21) (26.06) (65.12) (59.19) (52.84) (20,00} (90,00 (74.98) 56,680
oxeroct + 24 tespol 76.82 66,74 56469 63.55 53,35 46,65 56.69 36.10 16.36 83.64 71.45 60,00 98.86 98,668 93.31
tica (61.20) (54.75)  (48.83) (52.84) (46.90)  (43,06) (48.83)  (36.92) (23.85) (66.12) (57.68) (50.75) ¢  (83.85) (83.65) (74.98) 55,63
extract ¢+ 1% coconut 66,99 83.64 83,64 84,28 17.85 70.33 17.55 B2, 69 67,03 ©%.48 76,82 74.56 100.00 100,00 95.48
' (68.83) (65.12) (66.12) (66.61) (61.80) (56,97) (61.69) (63.90) (54.97) (77.69) (61.20) (59.68) (90.00) ($0.00) (77.69) 68,23
extrest + 2% coceaut 86.99 80,00 88,40 63.64. 77.55 70,33 77.55 76,82 - 70.33 90,76 . 80.00 73.48 100.00 100.00 86,99
(68.83) (63.41) (70,08) (66.12) (61.69) (56.97) (61.69) (61.20) (56.97) (72.27) (63.41) (58.98) (90.00} (90.00) {68.83) 67.36
. gztract + 0,4% goap- 76,82 70.33 46,65 73.43 56,84 29,36 60.14 43,16 26,30 83,64 63.40 63,40 98,86 95,48 86,95
r zolution (61.20) (56.97) (43,06) (58.98) (68.91)  (38,84) (50.83)  (41,05) (30.77) (66.12) (52.75) (52,75) (83.85) (77.69) (68.983) 55,51
. -
: oxtract + 1% tespol 73.48 70.00 50.00 63.%0 $0.00 43.16 53,35 39,66 19,31 76,82 73,48 56,69 100,00 83.64 80,00
ition + 1% cocoaut oil (58,98) (56.77) (44.928) (53.05) (44,99} (41.03) (46,90) (39.13) (26,05) {61.20) (58.98) (48,.83) (90.00) (66.12) (63.41) 53.26
' extract + 2%, tespol 80.00 66.74 50.00 60.64 $0,00 43.31 53,35 36.45 22.15 70.00 70.33 56.84 Ba.éé 86.959 83.64
iticn ¢+ 1% coconut oil (63.41) (54.76) (44.98) (51.12) (44.59) (41.14) °  (46.50) (37.13) (28.07) (56.77) (56,97) (48.91) (66.12) (69.83) (66,12) 51,75
: axtract + 0.4% scap- 80.69* 63.40 46,65 71,45 €0.14 15,60 55,84 39.86 19.31 73,48 67,22 60.14 98,86 80,00 83.64
r 4 1% cocoput ol (63.%0) (52.73) (43.08) - (57.68) {50.83) (?7.21) (48.91) {39.13) (26.08) (58.98) (55.05) (50.83) (83.85) (71.54) (66.12) 53.73
. qxtrect 93.31 90.76 83.64 84,28 80,00 73,48 ' 86,99 83,64 80,69 83.64 76.82 70,33 100.00 100.00 100.C0
(16.98) (72.27) (66,12} °© (66.61)  (63.41) (56.98)  (66,83) (66.12)  (63.90) (66.12)  (61.20)  (56.97)  (90,00)  (90.00)  (90.00) 70.37
-all affect of diffarent
entrocions of plent 65,709 58,962 52,465 55,419 52.502  46.143 53.285 46,365 - 37,413 65.709 58.492 53.394 85.295 60,891 72.328
cects
a1l effect of plant 55,045 52.354 45,688 59.198 79.505
recto °
criticsl aifforouces
Betweon concentrations of leaf extract = 3,726
Boteean diffarcnt sdditives = 2,886
Between tha plant axtracts a 2,151
‘Ilgzzi:gzton batweon plants and a11.179
pigures in parcntheses indicste angular values
"1



56

1 per cent teepol recorded 50.00 per cent adults emergence
on par with 9 numbers of 8 per cent extracts, and 10 number

of 4 per cent extract and 9 numbers of 2 per cent extract

of A. indica, T. neriifolia, C. infortunatum, and

N. oleander.

The plant extracts combined with both the concen-
trations of coconut oil did not give any reduction in the
normal adult emergence compared to the emergence with the
leaf extract alone. 1In majority of the treatments the
higher concentraﬁions were more effective than the lower
concentrations along with the additives.. With the extracts

of C. infortunatum 4 and 8 per cent additives other than

coconut oil reduced the aduit emergence significantly
compared to those of leaf extract alone and were on par
among themselves at the particular concentrations. Most
of-the treatments with the extract of E. odoratum had no

- effect on the development of the insect.

Data computed on the overall effect of different
concentration of the plant extracts barring the effect of
different additives showed that 8 per cent extract of

€. infortunatum (37.41) was significantly superiér to other

extracts and four per cent extract (46.36) was next in

effectiveness on par with 8 per cent extracts of
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'T. neriifolia (46.14). Two per cent extract of

€. infortunatum (53.29), 4 per cent extract of T. neriifolia

(52.50), 8 per cent extract of A. indica (52.47) and
8 per cent extract of N. oleander (53.39) were ranked next.

The remaining extracts in their ofder'of efficacy were

T. neriifolia 2 per cent-(58.42). N..oleander 4 per cent
(58.49), and A. indica 4 per cent (58796) followed by

A. indica 2 per cent and N. oleander 2 per cent. The over-
all effect of the different p%ants, irrespective of the

concentrations and additives, revealed C. infortunatum as

the most effective plant against S. litura followed by

T. neriifolia with a mean percentage of adult emergence

of 45.69 and 52.35 respectively. A. indica, N. oleander
and E. odoratum recorded 59.05, 59.20, and 79.51 per cent

of adults emergence respectively,

Computation on the effect of édditives ignoring the
effect of plant extracts had shown that leaf extracts
mixed with 2 per cent teepol with 1 per cent coconut oil
(51;75),'1 per cent teepol + 1 per cent coconut oil (53.36),
0.4 per cent soapwéter + 1 per cent coconut oil.(53.73)
were more effective treatments. All other additive combi-

nations applied with 4 per cent and 8 per cent extracts

of C. infortunatum, T. pneriifolia, A. indica were superior

to the leaf extract alone. Non of the additives could
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augment the efficacy of the extract of N. oleander at any
of the concentrations used. Eight and 4 per cent extracts
of E. odoratum combined with 0.4 per cént soapwater,

1 per cept teepol + 1 per cent coconut oil, 2 per cent
teepol + 1 per cent coconut‘oii, 0.4 per cent soapwater +

1 per cent coconut oil were moderately effective than the

leaf extract.

3.2.2. Data collected on the mortality of aphids observed
at 2 DAS with different-combinatiohs of plant extracts
and additives at different concentrations are presented

in Table 6. Among the five plants A. indica and

I. neriifolia were more effective against the aphids than
the others. Extracts of A. indica at 4 and 8 per cent

concentration with 0.4 per cent of soapwater, T. neriifolia

4 and 8 per cent with 0.4 per cent of soapwater and

T. neriifolia 8 per cent + 1 per cent teepol + 1 per cent
coconut oil were treatments which gave cent per cent morta-

lity, while the extracts of A. indica 8 per cent + 2 per cent

teepol (98.86), T. neriifolia 8 per cent + 2 per cent

teepol + 1 per cent coconut oil (98.86), A. indica 8 per cent
+ 1 per cent teepol (97.64), A. indica 2 per cent + 0.4 per
cent soapwater (94.90), A. indica é per cent + 2 per cent

teepol + 1 per cent coconut oil (93.31), T. neriifolia

4 per cent + 2 per cent teepol + 1 per cent coconut oil
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(93.31), A. indica 4 per cent + 0.4 per cent soapwater +
1 per cent coconut oil (93.31) were on par with it. The

treatments next in effectiveness were T. neriifolia

8 per cent + 2 per cent teepol (91.,25), T. neriifolia

2 per cent + 0.4 per cent soapwater (91.25), A. indica
8 per cent + 0.4 per cent socapwater + 1 per cent coconut

oil (90.76), A. indica 8 per cent (90.76) and T. neriifolia

4 per cent + 1 per cent teepol + 1 per cent coconut oil

(86.99).

Treatments of A. indica 4 per cent with 2 per cent
coconut oil, 1 per cent teepol + 1 per cent coconut oil
and 1 per cent coconut oil thoﬁgh recorded higher mortality,
were statistically on par with 8 per cent extract. The
treatments which were ranked next in descending order

where T. neriifolia 8 per cent + 0.4 per cent soapwater +

1 per cent coconut oil (84.28), T. neriifolia 8 per cent +

1 per cent teepol (81.65), A. indica 4 per cent + 1 per cent

teepol (80.70), T. neriifolia 2 per cent + one per cent

teepol + 1 per cent coconut oil (80.69), T. neriifolia

2 per cent + 0.4 per cent soapwater + 1 per cent coconut

oil (80.69), T. neriifolia 4 per cent (80.69), A. indica
4 per cent + 1 per cent teepol + 1 per cent coconut oil

(80.00) and A. indica 4 per cent leaf extract (77.85).



rable 6. Mean porcentage of mortolity of A. gsaypAl cbserved at two day

3 after cprayed with differsat plant extracts

' ’ A. indica o neriifolia c. A;wfortumt.\;m N. clesnder E. "o
Leaf extract + additives — ~ £ ggoraum mégtlot
- ax% &% % [V 8% % 1Y a% 2% 4% % ° % 73 % edditives
Loaf extract + 1% toepol 67.22 80.70 97.64 56.84 67,70 81,65 Q 13.01 19.31 o 0 6.70 [+ 2.37 0
solution (55.08)  (63.92) (Bi.14)  (48.91)  (55.34) (64.60) (0.00) {21.18) (26.06) (0.00) (0.00)  (14.99) (0.00)  (8.85) (0.00)  29.334
Loaf extract + 2% tespol 63,90 73.80 98.686 53,86 74,55 91.35 o] 13.01 9.25 0 1.15 13.01 o 1420
golution (53.05)  (59.19)  (B3.85) (47.20) (59.88) (72.77) (0.00)  (21,18) (17,70} (0.00) (6.14)  (21.14) (0.00)  (0.00) {22.13)  30.932
Loaf extract + 1% coccaut oil 56.84 64.04 71.58 46.65 30,00 67.22 0 1,15 0 0 0 T 1.8 1.16 o 1.15
(48.91)  (53.13) (57.76)  (43.06)  (44.98)  (35.05) (0.00)  (6.18) (0.00) (0.00)  (0.00)  (6.14) (6.24)  (0.00) (6.16)  21.3m
Leaf extract + 2% weconut oil 46.65 60,64 76.62 39,36 83,35 70.33 0 2,37 3.69 o] 4,53 2.37- o 0 0
(43.06) (51.12) (61.20) (36.84) (48.90) (56.97) (0.00) (8.85) (11.07) (0.00) (12.29} (8.85) (0.00) (0.00) (0,00) 22,610
Laaf extract 4 0,4% sozpwstaer 94,90 100.00 100,00 91,28 102,00 100,00 13,00 . 13.01 22.4% 6.70 4.%3 18.35% 0 [} [}
(76.92) (90,00) ($0.00) (72.77) (90.00) (90,00) (21.1¢4) (21.14) (28.27) (14.99) (12.29) (25.36) {0.00) (0,00} {0.00) 42,191
loaf extract + 1% tespol - 70,33 80.00 75.C0 B80.69 86,99 100.00 6.70 19,31 26.52 [+} 20.00 25.44 13.01 6.70 20
golution + 1% coconut 31l (56.97) (63.41) (59.98) (63.90) (63.83)  (90.00) {14.99)  (26.06) (30.98) (0.00)  (26.55)  (30.28) (21.14) (14.99) (26.55) 39.642
Loaf aoxtract + 2% teepol 76.82 70,80 93.31 67.22 93.31. 98,66 4.53 6,70 23.18 6,70 2.3 23.18 10 22.1% ‘25,44
sclution + 1X coccaut oil (e1.20)  (57.27) (18.98)  (£5.05) (74.58)  (83.85)  (12.29)  (14.99), (28.77) (14.99)  (8.85)  (28.77) (18.43) (28.07)  (30.28) 35,517
faaf cxtract + 0.4% cocapwater -+ 74.58 93.33 $0.76 £0.69 €3.90 . - 84,28 4.53 23.18 26.52 0 4.53 11.61 [+} 4.53 1.15
1% ococonut 04l (59.82)  (76.98) (72.27)  (63.90)  (53.08)  (86.61)  (12.29)  (28.77) (30.90) (0,00)  {12.29)  (19.92) (0.00) (12.29) (6.14)  24.211
Loag cxtract 56.69 71.85 90,76 63.40 80.69 71.46 0 4.53 6,70 0 1.18 4.53 0 o 15.72
. (48.83)  (61.90)  {12.27) (52.75) (63.90)  (57.68) (0.00)  (12.29) (14,99) (0.00) (5.14) (12,29} {0.00)  (0.00) {23.35) .28.426
Oversll offect of diffexrant
concantrations of plant extracts 55,933 ©63.880 72.605 S4.042 61.904 70.837 6.744 17.835 20,981 3,332 9.394 18.637 $.979 7.133 12.734
cworall offece of plant extrocta 64.149 62.281 15.186 10.454 8,315

Critical diffeorendss
Batwean concantraticns of leaf extract =’ 5.101
= 3,951
= 2.945

Botwoon differant additives
Eotwoen tho plant extracts
Intersction boetwesn plants and

additives

Figures in paventhoses indicate angular valuves

w 15.304
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Eight per cent extract of T. neriifolia caused only

71.46 per cent mortality compared to 80.69 under the
4 per cent extract. But they were on par. with additives,
the higher concentration gave higher mortality. Treat-

ments with T. neriifolia 4 per cent + 2 per cent teepol

(74.55%), T. neriifolia 8 per cent + 2 per cent coconut oil

(70.33), T. neriifolia 4 per .cent + 1 per cent teepol

(67.70), and T. neriifolia 8 per cent + 1 per cent coconut

oil (67.22) gave mortality less than with leaf extract

alone, though the difference was not stafistically signi-
ficant. Extracts of A. indica 4 per cent with 2 per cent
teepol, 2 per cent teepol + 1 per cent coconut oil, 1 per cent
‘coconut o0il, and 2 per cent coconut oil were inferior to

A. indica 4 per cent extract alone. The remaining combina-
tions of additives with A. indica 2 per cent extract,
except.with that of 2 per cent coconut 0il, recorded higher
mortélity though statistically they were on par with leaf
extract in combination with 2 per cent coconut oil. Two

per cent extracts of T. neriifolia with 2 per cent teepol +

1 per cent coconut oil (67.22), one per cent teepol (56,.84)
and two per cent teepol (53.86) were not having significant

difference with T. neriifolia 2 per cent leaf extract

(63.40). The other plant extracts namely C. infortunatum,

N. oleander and E. odoratum were not having much impact

on the aphids. The mortality recorded with different

4
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concentrations of pure leaf extract of the three plants

were only negligible. But extract of C. infortunatum in

combination with soapwater, 1 per cent teepol + 1 per cent
coconut oil, 2 per cent teepol + 1 per cent coconut oil
and 0.4 per cent soapwater + 1 per cent coconut oil produced
mortality ranging from 13.01 to 22.45, 6,70 to 26,50, 4.53
to 23.18 and 4.53 to 26.52 per cent respectively under the
three concentrations. With extracts of N. oleande{ com-
_bination with soapwater, 2 per cent teepol.+ 1 per cent
coconut oil only could gave mortality under éll.the three
concentrations varying from 6.70 to 18.35 and 6.70 to
23.18 per cent respectively. Extract of E. odoratum with
both thé concentration of teepol + 1 per cent coconut oil

could bring the mortality from 6.70 to 25.44 per ceht.

On computing the overall effect of the different
concentrations of the plant extracts irrespective of the

different additives used, 8 per cent of A. indica and

T. neriifolia were found as superior with mean percentage
mortality of 72.61 and 76.84 respectively. The 4 per cent
extracts‘of these plants were ranked next with 63.88 and
61.96 per cent mortality followed by 2 per cent concentra-

tions with 55.96 and 54.04 per cent mortality respectively.

The overall effect of the plants, irrespective of

the different cbncentrations. showed that the extracts of



A. indica and T. neriifolia were with the average percen-

tage mortality of 64.15 and 62.28 respectively were supe~

rior to cC. infortunatum, N. oleander and E. odoratum which

recorded 15.19, 10.45 and 8.32 per cent mortalities

respectively.

The data computed on the effectiveness of the
different additives, irrespective of the plant extractg,
revealed 0.4 per cent soapwater, 1 per cent teepol +
1 per cent coconut oil, and 2 per cent teepol + 1 per cent
~coconut ' o0il were effective and they augmented the mortality
to the levels of 42.19, 39.64 and 39.52 per cent respec-
tively compared to 28.43 per cent in the leaf extract
alone. The additive next in effectiveness was mixture of

0.4 per.cent SOoapwater + 1 per cent coconut oil with 34.21

mean per cent of mortality.

3.3. Efficacy of selected plant extracts in the management
of pests of amaranthus and bhindi in the field

3.3.1. Pests of amaranthus
3.3.1.1. Amaranthus grasshopper A. crenulata

Data recorded on the damage caused by grasshoppers
A. crenulata to amaranthus Crop at it early stage, when
~sprayed withAplant extracts, are presented in Table 7.

Observation made two days after 8praying revealed variations
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Tabel 7. Intensity of leaf demage caused by A. crenulata observed at different occasions
aftor spraying with plant extracts

K v 3

Treatments Hean indices of leaf damage observed at *
different intervals after first spraying(days) Kean
2 7 14
A. indica extract 2 per cent 31.93 32,07 31.83 : 33,68
(5.65)abc (5.66)abcde (5.64)bc (5.80)be
R .
" 4 per cent 25,50 ) 25.00 23.71 25.83
' {(5.05)ca (5.00)cdef {4.87)ca {5.08)efgh
T. periifolia extract 2 per cent 24.01 24.67 24.04 23.97
. (4.90)ca (4.97)cdef (4.90)cd (4.90)gh
" 4 per cent 24.65 28.63 31.77 28,18
(4.96)cd (5.35)cdef {5.64)bc (5.31)defg
C. infortunatum extract 2 per cent 28.68 28,07 - 32.48 29.31
(5.36)bed (5.30)cdef (5.70)bc (5.41)cdef
L 4 per cent 30.90 . 25.38 27.42 28,15
(5.56)bcd (5.04)cdef (5.24)becd (5.31)defg
A. indica extract + soapwater 23.64 21.80 26.40 24.18
2 per cent (4.86)ca (4.67)ef (5.14)cd (4.92)gh
- 4 per cent 25.27 26,35 21.38 23,20
' (5.03)ca (5.13)cdef (9.62)d (4.82)h
T. neriifolis extract + goapwater 21.86 22.93 27.29 24.62
2 per cent (4.68)a (4.79)Gef (5.22)bcd (4.96)Egn
- 4 per cent  29.26 32.85 29,37 29.47
{5.41)bca (5.73)abeda (5.42)bcd (5.43)cde
C. infortunatum extract + soapwater  30.51 34.85 38.71 35.04
2 per cent  (5.52)bcd (5.90)abe {6.22)ab (5.92)b
" 29.32 31.02 33.64 31.21
. ¢ per cent (5.41)bcd (5.57 }bedef (5.80)bc (5.59)bcd
Tobaceo decoction : 36,74 43.34 46.45 40.66
) 2 (6.06)ab .  (6.58)a (6.82)a (6.38)a
Carbaryl 0.2 per cent T 25,61 21.02 29.11 - . 25.07
oy pe (5.06)cd (4.58)¢€ (5.40)bcad (5.01)efgh
Control ' 41.48 40.87 47.00 44,97
© (6.44)a (6.39)ab (6.36)a (6.71)a
cp : 0.776 0.851 0.868 o

Folisr damage based on visual scale 1-5
Mesn intensity of damage from four observational plants

geani followed by same letter are not significantly different at 5%
ave . .

Figures in parentheses are transformed values, ‘x

* Data compared by DMRT: rest of the data were subjected to analysis
of covariance



in the leaf damage among the treatments. Two per cent

extract of T. periifolia added with soapwater reduced the

mean damage index to 21.86 on par with that of carbaryl

0.2 per cent (25.61) compared to;47.48 in plots sprayed
-with water. Treatments with A. indica 2 ‘per cent and
tobaecco decoction were not having any effect on grass-
hopper and others could reduce the damage to levels véry-
ing from 23.64 to 30.90 on par with carbaryl 0.2 per cent.
On seventh day after spraying carbaryl 0.2 per cent reéorded
the least leaf damage (21.02) and it was -on par with

A. indica 2 per cent with soapwater (21.80). T. neriifolia

2 per cent with soapwater (22.93), T. neriifolia 2 per cent

(24.67), A. indica 4 per cent (25.00), A. indica 4 per cent

. in combination with socapwater (26.35), C. infortunatum

2 per cent (28.07), T. neriifolia 4 per cent (28.67) in

descending order. Other treatments were ineffective and

on par with control. On 14th day also A, indica 4 per cent
added with soapwater (21.38) continued to be effective, on
par with carbaryl 0.2 per cent (29.11). But the other

treatments except C. infortunatum 2 per cent with soap-

water (38.71), tobacco decoction (46.45) were effective
and on par with éarbaryl 0.2.per cent with the damage

indices ranging from 23.71 to 33.64.

Data on the average leaf damage indices indicated

A. indica 4 per cent mixed with soapwater (23.20) was the



most effective treatment against A. crenulata and it was

on par with T. neriifolia 2 per cent (23.97), A. indica

2 per cent with soapwater (24.18), T. neriifolia 2 per cent

with soapwater (24.62), carbaryl 0.2 per cent (25.07) and
A. indica 4 per cent (25.83). Other treatments next in

efficacy were C. infortunatum 4 per cent (28.15),

T. neriifolia 4 per cent (28.,18) followed by T. neriifolia

4 per cent mixed with soapwater (29.47), C. infortunatum

4 per cent with soapwater (31.21), A. indica 2 per cent

(33.68) and C. infortunatum 2 per cent added with soapwater

(35.04). Tobacco decoction alone was on par with control

(44.97).

3.3.1.2, Leaf webber P. basalis

Data on the mean larval population of P. basalis
. Oobserved at diffefent periods are presented after stati-

stical analysis in Table 8,

Data showed that no plant extract except T. neriifolia

4 per cent with soapwater (7.18) was on par with carbaryl
0,2 per cent (4.14). ﬂll other treatments with mean number
of larvae varying from 8.76 under A. indica 4 per cent to
13.34 under tobacco decoction were on par with control
(13.32). ©On seventh day the mean larval population in

the plots sprayed with carbaryl 0.2 per cent (0.69) and
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. plots treated with T. neriifolia 4 per cent were most

effective among the plant extracts. It was also on par

with A. indica 4 per cent with soapwater, T. neriifolia

4 per cent with soapwater, A. indica 4 per cent and

T. neriifolia 2 per cent with soapwater with mean number

of larvae 4.28, 5.77, 5.91 and 6.54 respectively. The
other treatménts with mean larval population varying from
6.71 to 13.95 were on par with control (12.21)f During
next observation at fourteen days A. indica 2 per cent
4with soapwater was the best treatment, which recorded

7.19 mean larval population against 13.59 under the control
was on par with carbaryl 0.2 per cent (7.28) followed by

T. neriifolia 2 per cent (7.58). The rest of the treat-

ments with mean population ranging from 7.92 to 17.79 were

not significantly different from control.

Obgervations recorded at two days after second
spraying revealed tha; no plant extract was comparable to
carbaryl 0.2 per cent which recorded a mean larval popula.
tion of 2.43., The most effective plant extract,

T. neriifolia 4 per cent had a larval population of

7.26 against 8.98 in the control plot. Other plant extracts
were on par control with mean populatioh varying from 7.26
to 12.57. After second spraying a gradual decrease in the

mean number of larvae in the control plot was observed.
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toble 6. Effect of spraying differont plent cxtracts in field on P. basalis and on the yleld

¥oen number of larves cbsarved at different intarvalz: aftor treatmont

*Hoan welght

trean yield

. A 4 . of lel\dregv ofter
TrestsRnts Doys aftar @ccond apraying third 41 [ s ol damage removin
2 ¥ 7 14 Days zzxft.r .pf'ry e laaf webbur dcmqodq
g/plot loavos g/plat
10.00° 8,66 10.31 9,31 5455 8,74 183,33b 1806bc
A. indicn extract 2 per oant  (3.44)4p (2.,94) abca (3.21)kcd (3.05)obcde  (2.35)cde (2.95)af
®
. ¢ per'pont  0.76 5.92 7.92 9.03 - N ) 6.68
(2.95)ed (2.43)cde (2.01)bca (3.C1)bcde (1.50)ds (2.59)¢h 138.33¢ 1935bed
1ifolia m:tru:t 2.87 7.91 7.88 8.09 4,32 8.31 .
+ bepilfolds axerd por cent  (3.1d)ed  (2:Bl)abods  (2.75)cd (2.88)cd0 (2.083d0 (2.88)efg  150.33bc 1900bc
- 4 por cent 8,78 3,57 8.08 7,26 3.82 6,56
© (2.96)eb (1.99)0 (2.84)bcd (2.69)9 (1.95)d0 (2.58)n 143.33¢c 1967bcd
. infortupecun mmg 10,56 12.22 13,81 11.00 12,05 11.55
2 per cent  (3.25)2b (3.50)eb (3.72)ad (3.32)abe (3.67). (3.40)bed 160, 000 1730b
" & per oant 9.68 10,64 13,27 9.8 10.30 11.07 '
(3.11)eb (3.26)abc (3.64)abc (3.10)cbcda  (3.21)ab (3.23)ca 141.67¢ 1860bc
. Andics axtrsct + soapwator 9439 6.71 7.19 11.76 S5.55 6.99
. 2 per cont  (3.068)ab (2.59)becs (2.68)a (3.43)ad (2.35)cda (2.64)cn 135,00¢ 1967bcd
. 4 par oont  10.61 4.28 8.14 7.46 3,26 6.27
. (3.26)ab {2.07)d0 (2.835)bca (2.72)c¢e (1.80)a (2.50)h 130.00c 20104
T, Beréétol‘. ‘extract + 9.60 6.54 8,08 11.47 3.96 6.77
‘Goapwa 2 por ceont (3.10)ad (2.56)ce (2.84)bcd (3.39)ab (1.99)ds (2.60)gh 148.33¢ 1803bc
B & por cont 7.18 5,77 10.36 10.29 . 4.65 7.51
R (2.68)nc (2,40)cte (3.22)bca (3,21 )ebca (2.18)¢e (2.74)€gh 138,33c 2013cd
€. infortunstum extract + - 13,36 13.95 17.79 12.57 * 12.30 15.00
Socpwatar 2 par ocat (3.65)a (3.73)a (4.22)a (2.55)a (3.51)a (3.87)s 153.23k¢ 1740b
. ¢ 10.80 13,12 12.38 10.27 11.10 10.12
per cIn (3.30)eb (3.62)a (3.52)ebcd (3.20)abcd (3.33)ad (3.18)de 150.00b¢ 1833bc
Tobecco dscoction . 13,38 12.1% - 12.61 10.54 9.31 13.66 .
(3.65)a (3.48)eb (3.35)abca (3.25)ekc (3.05)abc (3.70)ab 246.672 1463a
Carbaryl 0.2 cent 4.14 0.69 7.20 2.43 0.22 3.05
aroery par (2.04)c (0.43)¢ (2.70)a (1.56)¢ (0.47)¢ (1.75)4 75.004 21734
Conerol 113,32 12.2 13.59 8.98 7.23 12,83
(3.5%)a (3.49)ad (3.69)ab (3.00)bede (2.69)bcd (2.58)abc 226,332 14038
cp 0.718 0.805 0.774 0.436 0,885 ve P e

Figures in parenthcses are transformed valuas Ix—
Hoan of four cbservaticnal plants
Mcans followed by saxze lotter are not significantly different at 5% lovel
* Data cmi:md by DMRT: rest of the data ware aubjected to snalysis of covariance



In the data recorded on seventh day also carbaryl 0.2 per
cent (0.22) was superior to the plant extracts and A. indica
4 per cent with soapwater (3.26) ranked next to the above
treatment. Other extracts were on par with control (7.23)

statistically even though the mean population ranged from

3.82 to 12.30.

Data on the average population were also revealed
the superiority of carbaryl 0.2 per cent over the‘plant
extracts with mean number of larvae being 3.05 per plant,
as against A. indica 4 per cent mixed with soapwater (6.27),

most effective plant extract, and T. neriifolia 4 per cent

(6.56). Other treatments in their order of efficécy were

A. indica 4 per cent, T. neriifolia 2 per cent with soap-

water, T. neriifolia 4 per cent in combination with soap-

water, T. nerifolia 2 per cent, A. indica 2 per cent, and

C. infortunatum 4 per cent with soapwater with mean popu-
lation of 6.68, 6,77, 7.51, 8.31, 8.74 and 10.12 respec-

tively against 12.83 in the control plot.

The mean weight of leaves damaged by P. basalis
under the different treatments also showed that least '
damage was in the plots treated-with carbaryl 0.2 per cent
(75 g) and it was followed by A. indica extract4(4 per cent)
mixed with soapwater (130 g), A. indica extract (2 per cent)

mixed with soapwater (135 g), A. indica 4 per cent and
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T. neriifolia 4 per cent with soapwater (138.33 g),

C. infortunatum 4 per cent (141.67 g), T. neriifolia

4 per cent (143.33 g) and T. neriifolia 4 per cent with

soapwater (148.33 g). Tobacco decoction (246.67 ¢) was
on par with control (228.33) and rest of the treatments

showed significant reduction in leaf damage compared to

that of control.

Carbaryl 0.2 per cent offered the maximum protection
and obtained an yield of 2173 g uninfested produce. This
was on par with the other highly effective plant extracts

viz. T. neriifolia 4 per cent with soapwater, A. indica

4 per cent in combination with soapwater, A. indica

2 per cent with soapwater, T. neriifolia 4 per cent and

A. indica 4 per cent with a mean yield of 2013, 2010, 1967,

-

1967 and 1935 g respectively. Extracts of T. neriifolia

2 per cent (1900), C. infortunatum 4 per cent (1860),

C. infortunatum 4 per cent with soapwater (1833), A. indica
- R —==

2 per cent (1806), T. neriifolia 2 per cent with soapwater

(1803), C. infortunatum 2 per cent with soapwater (1748)

and C. infortunatum 2 per cent (1730) g were superior to

the control and tobacco decoction with mean yields of

1403 g and 1463 g respectively.
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3.3.2. Pests of bhindi
3.3.2.1. Aphids (A. gossypii) on bhindi

Data pertaining to the mean aphid population observed
at different intervals after the spraying are presented in
Table 9. Two days after gpraying itself carbaryl 0.2 per cent
could reduce the mean aphid population to 144.06 as against
1131.60 present in the control plot and it was superior to
all the plant extracts. Among the plant extr;cts

T. neriifolia 2 per cent with soapwater (321.98),

T. neriifolia 4 per cent (331.90) and T. neriifolia 4 per cent

with soapwater (351.45) followed by tobacco decoction
(421 .45) were the effective treatments and they ranked
next to carbaryl 0.2 per cent. Extracts of A. indica

4 per cent with soapwater (596.76), T. neriifolia 2 per cent

(667.77), A. indica 4 per cent (713.43) and A. indica

2 per cent (732.49) were effective against the aphids com-
pafed to control. Rest of the treatments were on par with
control:. The relative efficacy of the extrécts continued
in the same trend on fifth day after spraying also, where
" carbaryl 0.2 per cent remained superior to plant extracts
with a mean population of 57.19 as against 872.90 in the
control plot. Tobacco decoction was ranked next (219.20),

on par with T. neriifolia 2 per cent with soapwater

(315.32), T. neriifolia 4 per cent (324.86), T. neriifolia
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2 per cent (333.93), T. neriifolia 4 per cent added with

soapwater (410.05) and A. indica 4 per cent with combina-
tion of soapwater (471.58). Other treatments were on par
" with control though the mean population varied from 539.39 °

to 1274.66. On 10th DAS T. neriifolia with soapwater was

on par with carbaryl 0.2 per cent and tobacco decoction,

their respective population being 155.04, 102.16 and 165.10

respectively, T. neriifolia 2 per cent (252.09) followed

the above treatments and they were on par with T. neriifolia

4 per cent (300.27), T. neriifolia 2 per cent with soap-

water (469.50), A. indica 4 per cent with soapwater
(469.52), A. indica 4 per cent (496.81) and A. indica

2 per cent (524.61). The rest of the tréatments were on
par with control (1064.02). It was observed that on 15th
DAS the mean population of aphids in the different treat-
ments including control showed an increasing trend.

Carbaryl 0.2 per.cent (453.71) was on par with tobacco

decoction (522.44) and T. neriifolia 4 per cent with soap-
water (549.32). The mean population in other treatments

including control varied from 584.72 to 1319.32.

Observations made at 2 days after second spraYing
revealed the effectiveness of carbaryl 0.2 per cent with
mean population of 173.33 but statistically it was on par

with T. neriifolia 4 per cent (268.31), T. neriifolia




Table 9. Mooan numbar of aphids chzarzed at Affferent intarvals after opraying plant extracts on bhindi

Msan number of aphide at different intorvals efter spraying

Treatmanta .
doys after firot apraying daye after second spraying Haane
2 5 10 1S 2 5 10 15
A. indica extroct 2 per cent 732.49 539.39 524.61 875,96 445,58 284.15 198.12
—_— (27.06)bc (23.22)cdaf (22.90)c (29.60) (21.11)cdef (16.R86)bcde (14,08)bcd .(’g'gg)bc ?g::gg)c
. 4 per cant 713.43 694.33 496.81 864,49 $82.04 580.94 442.15 8 ]
(2_6.71)bc (26,35)bcda (22.29)bcd (29.40) (21.96)cdef (24.10)ab (21.03)a (3:37)abc ?;g:gg)b
T. nerrifolis extract 2 per cont 667.77 333.92 252.09 649.4) 379.17 122.86 314.84 6
- (25.84)ecd (16.27)fg (15.89)daf (25.48) (19.47)dafg {11.08)e (17.74)abc (%'gg)bc ?fg:;Z)d
. 4 per cont 331.90 323.86 300,27 584,72 268.31 98.28 133,95 * 112,47 7
(18.22)e (18.02)fg (17,32)cdo (24.18) . (16.38)£q (9.91)e (11.57)cd (10.61)ab ?1g:gf)ef
C. infortunatum extract 2 por cent 1019.84 1141,.82 1005.54 914.59 762,56 639,92 139.85 88.85 731.49
(31.73)ab (33.79)2b (31.71)a (30.24) (27.97)abe (25.30)a (11.83)cq (9.43)ab (27:04)5
- 4 per cent 1005.09 1274.66 1195.52 1013.46 885.47 556.41 293.42 69,64
(31.70)ab (35.70)a (34.58)a (31.83) (29.76)ab (23.59)ab (17.13)abe (8.34)bc Zgggg)n
A- Andica extract + sospwater 2 per cent 783,39 1085.34 762.76 963.73 626.51 593,87 277.68 50.8 .
(27.99)abc (32.94)ab (27.98)ab (31.01) (25.03)bcde (24,37)ab (16.66)ebe (7.1§)b<:d ?gi.g}))b
" ¢ per cant 596,76 471,58 469.52 754,39 391.62 208,91 130.61 456.72 7
(24.43)cd (21.72)defg  (21,67)bcd (27.47) (19.79)dagg (14.45)cde (11.43)cd (6.84)bcd ?léiég)d
T. geriifolia extract + scapwater 321.98 315.32 469,50 770,05 337.14 1668.18 152.77 54.3¢ 332,81
2 per cont (17.94)a (17.76)fg (21.67)bcd (27,75) (18.36)defg (12.97)da (12.36)ca (7.37)bcd (18.24)ds
° 4 par cont 351.45 410.05 | 155,04 549.32 288.24 179.89 80.15 44.28 7
(18.75)e (20.25)efg (12.45)ef (23.44) (16.98)fg (13.41)c¢e (9.49)de (6.65)bcd %1§:§2)o£
& Apfertunatum axtrect 4 sospwcter 1091.37 932,58 1048,07 846,14 1099.71 473.54 296,35 104,23 k]
2 por oent (33.04)a (30,34 }abo (22.37)a (39.09) (33.16)a (21.76)ebc (17.21)anc (10.31)51: (gé:ig)n
- 4 per cent 1051.91 824,235 8is6.83 742.87 629.78 403.711 254,29 106.78
(32,43)ab (208.71 )abed (28.58)eb (27.26) (25.09)bcde (20.09)ebcd (15.95)abed (10.33)ab ?%:?g)b
Tobacco decoction 421.45 219.20 165.10 522,44 297.60 84,44 169,21 28.88
(20.53)de (14.81)g (12.85)ef (22.86) (17.25)efg (9.19)e (13.01)cd {5.37)cd %;::gg)f
Carbaryl 0.2 per cant 144.06 57.19 102.16 458,71 173.53 0.00 14.72 13.54
B (12.00)¢ (7.56)h (10.11)¢ (21.42) (13.17)g (0)£ (3.84)e (3.68)d %fg:;%)g
Control 1131.60 872.90 1064.02 1316.23 649,99 684.31 416.28 162.63 8
(33.64)s (29.54)abc (32.62)a (36.32) (25.49)bcd (26.18)a (20.40)eb (12.75)a (gg:}li)a
&) 5.192 6.840 6,238 NS

e

Figures in parenthosesz are transformed values |x

Hean of twolve leaven from four observational

plants

HMeans followed by a common letter are not signi-
ficantly different at 5% lovel

*Data compared by DMRT: rost of the data wore

subjectaed to analyais of covariance




4 per cent added with soapwater (288.24), tobacco decoction

(297.60), T. neriifolia 2 per cent with soapwater (337.14)

and T. neriifolia 2 per cent (379.17). Other treatments,

except C. infortunatum 2 per cent with soapwater which

recorded an increased population of 1099.71 were on par
with control (649.99) and the population ranged from 445,58
to 885.47. On fifth day after spraying aphid population
maintained a similar trend as in the previous observation.
But plots treaped with carbaryl 0.2 per cent were absolutely

free from aphid infestation and treatments with tobacco

decoction, T. neriifolia 4 per cent and T. neriifolia

2 per cent with a mean population of 84.44, 98.28 and
122.86 respectively, reduced the population efficiently

to a level next to carbaryl 0.2 per cent. T. neriifolia

2 per cent with soapwater, T. neriifolia 4 per cent with

-soapwater, A. indica 4 per cent added with soapwater, and
A. indica 2 per cent were the other treatments which were
superior to control and rest of the treatments were on par

with control. oOn tenth day after second spraying

T. neriifolia 4 per cent with soapwater- was on,pér with
carbaryl 0.2 per cent, with a populagion of 90.15 and 14.72,
were the effective treatments. Plots treated with A. indica
4 per cent with combination of soapwater (130.61),

T. neriifolia 4 per cent (133.95), C. infortunatum 2 per cent

(139.85), T. neriifolia 2 per cent with soapwater (152.77)
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and tobacco decoction (169.21) reéorded significantly

lower population compared to that of control (416.28).

Rest of the treatments were on par with the control, though
the mean population varied from 19€.12 to 442.15. On 15th

day after spraying there was a natural decline in the mean

population including control (162.63), but the insect con-

trol activity of carbaryl 0.2 was on par with tobacco

decoction, T. neriifolia 4 per cent with soapwater,

A. indica 4 per cent with soapwater, A. indica 2 per cent

added with soapwater and T. neriifolia 2 per cent with

soapwater with mean population of 13.54, 44.28, 46,72,

50.81 and 54.34 respectively. T. neriifolia 2 per cent

(61.34) and A. indica 2 per cent (77.38) were also supe-
rior to control and the rest of the treatments were on par

with control.

.-

Mean population revealed -that no plant extract was
comparable to the carbaryl 0.2 per cent (120.41). The
effective plant extracts were tobacco decoction (235.00),

T. neriifolia 4 per cent with soapwater (272.90) and

T. neriifolia 4 per cent (273.45) followed by T. neriifolia

2 per cent (332.81). Treatments with C. infortunatum at

2 and 4 per cent concentrations (731.49 and 745.27) were
ineffective and on par with control (826.15). The remain-

ing treatments were superior to control and intermediate

ineffect.



3.3.2.2. Grasshoppers (A. crenulata)

Data on the leaf damage caused by grasshoppers

A. crenulata are presented in Table 10 after statistical

analysis,

In the observation recorded two days. after spraying,
A. indica 4 per cent (leaf damage 23.30) was the only treat-—
ment superior to control (33.11). It was also on par with

other treatments except C. infoftunatum 2 per cent (37.06),

€. infortunatum 4 per cent with soapwater (35,.,66) and

tobacco decoction (32,72). But five days after spraying

A. indica 4 per cent and 2 per cent and ﬁ.vindica 4 per cent
with soapwater wereleffective treatments with the mean
damage indices varying from 23.89, 23.90 and 24,71 respec-
tively as against control with an index of 39.34. It was
élso on par with A. indica 2 per cent added with soapwater,

carbaryl 0.2 per cent and C. infortunatum 4 per cent, All

other treatments were on par with control and had little
variation in the intensity of damage. On 10th and 15th
days after spraying no treatment showed significant effect

in reducing the damage compared to the control.

The mean damage indices showed that .A. indica
4 per cent was the most effective treatment (23.19) and

it was on par with A. indica 4 per cent with soapwater



Table 10. Intensity of leaf damage caused by A. crenulata observed at different periods after spraying

— plant extracts on bhindi e —

Mean indices of leaf damage observed at different

Treatments intervals after spraying (days) Me;n*
2 5 i0 is
A. indice extract 2 per cent 25.93 23.90 27,83 30,63 27.21
(5.09)cd (4.89)c (5.28) (5.53) (5.22)efqg
- 4 per cant 22.80 23,89 27.80 26.47 23.19
{4.78)4 (4.89)c (5.27) (5.14) (4.82)g
T. neriifolia extract 2 per cent 30.85 30.57 32.81 42.04 40.86
(5.55)abcd (5.53)abe (5.73) (6.48) (6.39)a ,
" 4 per cent 25.51 31.67 36,20 38.79 33.60
. (5.09)ca {5.63)ebec (6,02) (6.23) (5.80)bc
C. infortunatum extract 37.06 25,93 34.C2 36.486 34.10
= s 2 per cent (6.09)a (5.47)ebe (5.83) (6.04) " (5.84)bc
. 4 per cent 25,52 28,51 31.62 33,01 28,82
) (5.05)ecd (5.34)bc (5.62) {5.75) (5.37)def
A indica extract + soapwater ' 26,42 26,64 31.76 31.18 30,42
S 2 per cent (5.16)bcd (5.16)be (5.64) (5.58) {5.52)cde
" 4 per cent 25,67 24.71 25.25 26.40 24.67
(5.07)cd (4.97)c (5.02) (5.14) (4,97)€g
T. periifolia extract + soapwater 29,21 30,30 32.49 35.49 32.82 '
= 2 per cent (5.40)abcd  (5.50)abe (5.70) (5.96) (5.73)ca
. 4 per cent 28,94 29,63 30.92 31.87 29.73
p? (5.38)abecd {5.44)abc (5.56) (5.85) (5.45)cde
C. infortumatum extract + soapwater 30.67 31,63 37.00 35,92 33.85
= 2 per cent (5.54)abecd  (5.62)abc (6.08) (5.99) (5.82)be
. 4 par cent 35.66 35.81 32,53 32.21 33.28
(5.97)sb (5.98)ab {5.70) (5.68) (5.77)becd
Tobacco decoction 32,72 31.7% 36,93 33.82 30.48
(5.72)abe (5.63)abc (6.08) (5.81) (5.52)cde
Carbaryl 0.2 per cent 26,12 27.14 30.87 29.52 30.21 ,
(5.11i)bed {5.21)bc (5.56) (5.43) (5.51)cde
Control 33.11 39.34 39.34 45.52 38.27
(5.75)abe (6.27)a (6.27) (6.75) (6.19)eb
CD 0.729 NS NS

0.744

Mean intensity of damage from four observational plants



(24.67) and A. indica 2 per cent (27.21). The damage in
the control plot (38.27) was on par with these of the

plots treated with T. neriifolia 2 per cent (40.88),

€. infortunatum 2 per cent (34.10), C. infortunatum

2 per cent with soapwater (33.85), T. neriifolia 4 per cent

(33.60) and C. infortunatum 4 _per cent with soapwater

(33.28). The other treatments were superior to control.

3.3.2.3. Bhindi leaf hoppers ‘A. blguttula biguttula

Mean population of leaf hoppers observed in diffe-

- rent treatments are presented in Table 11.

On second DAS C. infortunatum 2 and 4 per cent with
soapwater were on par with carbaryl 0.2 per cent the meah
number of jassids being 123.14, 144.75 and 87.00 respec-
tiVely, as against the population in control (412.62).

The treatments next in the order of efficacy were

T. neriifolia 4 per cent with soapwater (169.98). A. indica

2 per cent with soapwater (184.77), A. indica 4 per cent

with soapwater (190.67), C. infortunatum 4 per cent (199.47),

T. neriifolia 4 per cent (200.03), C. infortunatum 2 per cent

(216.19) and T. neriifolia 2 per cent (239.38) which were

on par among themselves. A. indica 4 per cent and tobacco
decoction were on par with control. Remaining treatments

were moderate in action and superior to control. On fifth



day after spraying also C. infortunatum 2 per cent with

soapwater was as effective as carbaryl 0.2 per cent with

mean population of 70.32 and 34.45, followed C. infortunatum

4 per cent with soapwater (78.50), T. neriifolia 4 per cent

with soapwater (102.98), C. infortunatum 2 per cent (124.19)

and C. infortunatum 4 per cent (127.44). A. indica 2 and

4 per cent and tobacco decoction were ineffective in con-
trolling the pest. Other treatments Qith mean population
ranging‘ffom 163.08 to 247.89 were superior to control
(367.71). Ten days after spraying no plant extract was
effective as carbaryl 0.2 per, cent. The population recorded
under carbaryl 40.53 was oﬁly as against the controlvpopu-
lation of 402.15. The most effective treatment among the

plant extracts was C. infortunatum 2 and 4 per cent with

soapwater, and C. infortunatum 2 and 4 per cent with mean

number of jassids 96.82 and 98.13, 110.20 and 128.83 res-
pectively, Tobacco decoction (365.81) was the only treat-
ment oﬁ par with control. All other treatments could
control the pest populatién to different levels. A decline
in,popuiation was observed on 15th and 20th dajs in the
control plot (197.83). Carbaryl 0.2 per cent (44.86)
continued as the most effective treatment which was on par

with C. infortunatum 4 and 2 per cent mixed with soapwater

(65.30 and 82.02), C. infortunatum 2 per cent (81.82).

The treatments C. infortunatum 4 per cent (99.67),

T. neriifolia 4 per cent with soapwater (104.10).



Table 11. Hoan muzbor of leaf hoppers chbaorved et dAiffcrent intervala ofter epraying plant axtracis oo bhindd

‘Hosn mumber of leaf hopparc cbaserved at difforont intaxrvals aftar spraying

Treatsents deys after sscond gpraying daye aftor thicd epraying
2 5 10 1§ 20 Yoes 2 s 10 15 Eoane
A ip8ice extreot 2 par cont 299,90 283.37 225.91 182.06 145,75 268.53 247.06
17.32)bed §.83)abe . . . . 205.74 200.04 160.16 187.12
( (16.83)a {15.03)¢e (13.49)ab (12.07)0b (15.72)b (14.34)b (1¢214)b (12.66)a (13.60)b
. 4 par cont 366,99 357.77 304,89 123.64 55,64 303,01
{19.16)abc” 8.91)a 7.46)b 11. de 9.98)bed 207.94 172.27 186,71 114.22 187.22
a (18.91) (17,46} (1122300 (9.98)bode (14.42)bc (13.13)bcd  (13.68)b (10.69) axc {13.601b
. periifolis cxtract 2 par comt 239.38 247,09 222,05 105.13 . 80.0D 267.17 238.30 - . :
& 22t0L33 5.473aef 5.74)bc (1a. ) Sea)ed . 187.34 184.20 128.47 146.34
{13 } (1 ) ] 14.90)¢ {10.25)ccas (8.24)cdaf (15.44)b (13.69)bc (13.57)b (11.33)eb ti9.10)cd
" 4 per cont 200.03 228.35 “ 227.00 135,07 103,86 338.38 s ’ .
(14.13)ef 15.11)cd . -62)ak . 183.09 130.91 143.98 87.21 146.58
19)afg  (15.11)¢ (15.07)e (11.62)abcd  (10.19)bcde (13.53)ca (11.44)¢ef  (12.00)cd (9.33)bcd (12.11)cd
C. infortunatum extract 2 pIr cent 216.19 124,19 110,20 81.22 70.21 308.76
= 14,70)8s¢ J14)ef . 057 . 141.85 ]7.10 95,92 56.67 ©93.48
N < Yeegg  (11.14)e (10.50)0f (9.05)afq (8.38)af T11 90 )et 9. 39) £¢n o ete P A5
- 4 por csnt 199.47 127.44 126.23 99.67 75.50 372.601 -
(14.12)efg . (11.29)ef (11.32)et 9.98)d2f B.69)def 153.36 90.00 118,66 55.18 109.45
' . 9 . (11 . 1.32) (9.90) . (8,69 - (12.33)¢a (9.49€¢h - (10.89)cdaf (7.43)cef (10.48)£g
A- indica cxtract + coapvater %84.77) 206,15 230.03 169.86 129,06 364.20 150.86 12881 166,68 65.12 1so.s
— 2 cont 13.59)€ (16.36)ca . 15.17)¢ 3.03)ab 11.35)abe . . . . 150.51
per con i sh ) . e (a1.38) (13.82)cd (11.33)¢ef (12,10 (9.23)bca  (12.28)c
" 4 psr cent 190.67 241.79 232,80 %49.52) 120.13 350445 196.39 10421 126.58 26,88
(13.80)F (18.55)ed 5.26)c 12.23)ebcd  (10.96)abed . . . 6. 140.43
&= R . (16.09) (10.21)efg  (11.25)cde (8.77)ee0  (11.85)cd
T. periifolin Gxtract ¢ £OapWater 281.16 163,08 202.44 - - 135.98 104.56 317.98 :
r cant 16.77)cde (12.77)¢a (14.22)ca 11.66)abed (10.23)bcda 163.85 107.14 107.83 67,75 128.21
2 par ( ) { (13.74)c4 (10.35)ef ° (10.38)daf (8.23)do {11.32)6e
L) 4 per cent 169.%8 102.98 " 153.91 104.10 51,83 286.64
(13.00)¢ (10.15)0f 2.41)82 (10.20)case 5.05)cdef 24¢.10 140.36 141.68 84.41 1314.22
. 1 o 10.15) a 10.20)e (8.05) (15.62)b (12.85)cde  (11,90)ca (5.19)bcd (10.69)et
$. Anfortunstim extract & cospwater 123.14 70.32 96.82 82,02 72,642 300,61 141,34 66,09 86.93 5566 .y
2 cent .10n4 8.39)¢ 9.84)f . (9.06)0f 8.51)8af . . . . .41
par (11.10 (8.39)2g (9.84) (9.06)0fq ( (11.89)0f (8.13)gnt (9.32)2g (7.46) Cat (8.80)08
. 4 per cont 146,75 76.%0 90,13 63,30 46,14 295404
12,02 8.05)¢ 9.91)¢ a.oe (6.9 129.28 $8.12 73.87 36.386 70,07
¢ Yt (0.06) (8.91) (8.08)¢q 4t9 (11.37)e¢ {7.62)ns {6.59)gh (6.03)¢ (0.37)n
Tobesco dscoction 397.83 341.93 365,01 ‘161,14 133.90 305.29 :
19.95)ab 18.49)ab 9.13)ed 12,69)abc 1.57)eb 350.23 372,00 315.68 123,26 244,50
( ) ( ) [¢1 ) . ( ) (1 ) {18.71)a (19.29)a (17.77)a (11.10)eb (15.64)a
Carbaryl 0.2 per cant £7.00 34.45 40.53 44,85 26.92 213,35 i
bexy pe . (9.33)4 {5.87)g (6:37)g - (6.70)g (5.19)g 108.33 47.52 54.72 87,51 37.17
. § (10.61)¢ (6,691 (7.40)h (6.89)as (5.10)4
Coatrol 412,62 367.M 402.15 197.83 166.59 401.54 :
30,31 915 : 07 2.91)a 301.59 317.89 292.75 115,50 262,71
( Ja (19.18)a (20.05)a (14.07)a (12.91)s {17.37)a (17.83)a (17.11)a (10.75) abe (16.213a
co 2,610 .6 . . 17
1 2.657 2.0 2233 2.173 1.478 1.960 1.472 1.501 v

Pigures in parenthasos are values after [x tronaformation
Moan of twolve legvus from four observaticnal plants

Ha=snz followed by a common letter ere not aignificantly differant
at 5% lovel

*Data comparad by DMRT: rest of the data wre subjected to
znalysis of coveriancs

(&3]
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T. neriifolia 2 per cent (105.13) and A. indica 4 per cent

(123.64) were also effective +4n the.descending order.
Other treatments were on par with control. On 20th day
plots treated with water recorded a mean population of

" 166.59 énd it was on éar.with tobacco decoction (133.90)
and A. indica 2 per cent (45.75) carbaryl 0.2 per cent

(26.92) was the best treatment followed by C. infortunatum

4 per cent with soapwater (48.14). In other treatments the

mean number of jassids ranged from 72.42 to 120.13.

Two days after the third spraying C. infortunatum

4 per cent with soapwater, C. infortunatum 2 per cent with

soapwater and C. irifortunatum 2 per cent were on par with

carbaryl 0.2 per cent, the mean population in the treatments
being 129.28, 141.34, 141.86 and 108.31 respectively.
Tobacco decoction was on par with control with mean popula-
tion of 350.23 and 301.59 respectively. Other treatments
were superior to control, but inferior £o'the effective
treatments, the mean population varying from 153.36 to
247.06. In the observation recorded on fifth day

C. infortunatum 4 per cent with soapwater and C. infortunatum

2 per cent with soapwater were on par with carbaryl 0.2 per
cent, the population being 58.12, 66.09 and 47.52 respec-—-

tively. The treatments next in efficacy were C. infortunatum

2 per cent (87.10), and C. infortunatum 4 per cent (90.00).
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All other treatments except tobacco decoction were superior

to control and population ranged from 104.21 to 205.74

against 317.89 in control plot. On tenth day C. infortunatum

4 per cent with soapwater (73.87) was on par with carbaryl

0.2 per cent (54.72), followed by C. infortunatum 2 per cent

withisoapwater and C. infortunatum 2 per cent. The other
treatments except tobacco decoction were significantly
superior to the control. At 15 days after third spraying

all the treatments with C. infortunatum were found as

effective as carbaryl 0.2 per cent (47.51) and they were

in the following descending order of efficacy: C. infortunatum

4 per cent with soapwater (36.36), C. infortunatum 4 per cent

(55.18), C. infortunatum 2 pef cent with soapwater (55.68)

and C. infortunatum 2 per cent (56.67).

Analysis of the average leaf hopper population
computed during the crop season showed that carbaryl 0.2
per ceﬁt supported least population of 37,17 against 262,71
under control. All the plant extracts except tobacco
decoction (244.50) were found effective in red@cing the

mean leaf hopper population. At 2 and 4 per p@nt concen-

trations C. infortunatum with soapwater was ihferior to
carbaryl 0.2 per cent and superior to all other treatments
with mean leaf hopper population-of 77.41 and 70.07 respec-

tively. C. infortunatum 2 and 4 per cent were ranked next
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to the above treatments (93.48 and 109.45 respectively).

The other effective treatments in their order of efficacy

were T. neriifolia 4 per cent with soapwater, T. neriifolia

2 per cent with soapwater, A. indica 4 per cent with soap-—
water, A. indica 2 and 4 per cent, A. indica 2 per cent

with soapwater, A. indica 2 per cent and A. indica 4 per cent
with mean hopper population of 114.22, 128.21, 140.43,

146.34, 146.58, 150.91, 187.12 and 187.22 respectively.

3.3.2.4. Bhindi shoot anad frﬁit borer E. vitella

Data collected on the incidence of shoot and frui£

borer are presented in Table 12 after statistical analysis.

No significant variations among the different treat-
ments were observed at two days after spraying. On fifth
day the plots receiving carbaryl 0.2 per cent recorded
the l@ast incidence of 1.95 per cent against 56,97 in
control, and it was on par with A. indica 2 per cent with
soapwater (2.37). The treatments -following carbarfl were

A. indica 4 per cent with soapwater (8.80), T. neriifdlia

4 per cent (9.15), T. neriifolia 4 per cent with soapwater

(9.68), C. infortunatum 2 per cent (10.39) and T. neriifolia

2 per cent with soapwater (12.47). In the observation at

10 days after spraying the plots treated with T. neriifolia

4 per cent (0.00) were free from shoot and fruit borer

infestation and it was on par with A. indica 4 per cent,



Table 12. Ccotrol of bhindi shoot ond frult porer E. yizella in flold using plant éxtrects

¥man -pazcentage -of shoot end frutt borer incidsoce cbzerved ot different poriods after- spcaying.

Troatpanto days after second oproying doys ofter r.h.:d sproying, days after fourth spraying Hear®
2 5 0 5 20 25 2 5 10 15" 2 5
b dndign cxersct 2 por cent 33155 (et (Bia1)cas (8:50) alle) (35:09 (35:59) Frebre  a7is8ime ‘é\gigg) Gy dRE) 33
- 4 por ceat Aise) (Eeom (:90)ea 35 (15158) (30:5%) Zariey W B e (1masise (25r0) asie PRI P
T. pociifolls extrect 2 por cent 4219 (eea (L6-06)bed - o (;:g})‘ (Gerah) (35:89) G Bie  Giideie 580 (13:57) andh (3320
' 4 por Gent (15:39) T Go)bcd 5 aileh ) 3125 R (3598 )be 1656 * 10.09) (13183) (34238) (30:38)¢q
& dpfertmana extract 27?*” °°“‘7 63 (8ieorcs (3116000 (Boal) <1;:23) (26.19) (33.88) A5dme  (24.800mc dien . (35:07) (35:99) (ég'.?g);:e
" 4 per cent (ﬁ 35) (ég 93100 (28'32)&. (5180 CAs T e 39ien) CEheme (226 (36,87 RN A3t G3Shes
posmene e dB e oifee ol 4B A B B e &R BIH R Ehe
) 4 por cont 388 (17129mea (13:54)bess ) ‘g:g's” RES (Gesan) A3 (eiserme Gadn aen, ahtn dsiea
Z.- PREIAOMAR EXETECt + BoTTN e a 23) (15:67)bca (15120 )vce (14159 (6150) 3482 &6 (21:?3;“ ué‘:':?m A (1:8m) IR (33062)mea
R 8 por cent 16190 (18.12)bc (18:39)bce (10.77) (5139 (6D (33080 (16:38)c (31,78 )be (36.38) (1430 (19:33) (30.80 Yokq
E. infortmmatim CXERASt 9 ;‘sﬁ":::i“ 15:59) (e 553 15:13me (8:36) s G (19m) (54701 )be (33156 me e (16:91) (34762) (or32)be
K 4 pos cont Al 208 Ghew (3169) (5:90) (36.59) REES) GiSme  Gri2ewe Giian) G5By B Gasimsa
Tobacco decoction 3233 Gasaa (55:83)e (36:58) (310 (38.40) (35.52) (26.47)a (55.58)0 (330 R PR S SR HE
Cacbaryl 0,2 per 3nt Gii0 Blona (-85 pede o o (16.89) (17.08) o (s (3e.23) (31 33 assem
e we n. &m. &n &H 0 E&H EB &R @h. &% &3 &% &b
NS L] e NS s N3 HS L] oe NS NS NS ae

Pigurse in percnthssen are cngular transformed values

Means followed by same lsttor are mot significantly
digforant at 5% lovel baesd on DMRT
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A. indica 2 per cent, carbaryl 0.2 per cent and A. indica
4 per cent with soapwater with mean percentage incidence
of 1.44, 2.14, 2.37 and 5.49 respectively. Other treat-

ments which recorded incidence varying from 6;OO'per cent

under T. neriifolia 4 per cent with soapwater to 14.64 per

cent under C. infortunatum 4 per cent with soapwater were

superior to tobacco degoction and control which had mean
incidence of 68.49 and 60.92 per cent respectively. There
was no variations among the population in different treat-
ments on 15th, 20th and 25th days after spraying with the
incidence varying from O to 20.45, 0 to 15.61 and 8.44 to

32.11 per cent respectively. The infestation had declined

on 15th, 20th days, but increased on 25th day.

The data recorded on two days after third spraying
also did not show significant variations among the treat-

ments. In the observations recorded five days after

spraying T. neriifolia 4 per cent with soapwater showed
lowest incidence (7.92) compared to 63.78 in control plot.

But T. neriifolia was statistically on par with other

treatments (9.25 to 24.65) except tobacco decoction (56.08).
The data obtained at 10 days after spraying also showed
significant effect for carbaryl and plant extracts compared

to control and tobacco decoction. T. neriifolia 4 per cent

with 6.84 per cent of incidence appeared the lowest, but



it was on par with other treatments.

On second and fifth days after fourth spraying
also there was no significant variations among the treat-
ments and control though infestation ranged from 2.14 to

27.89 and 1.44 to 25,52 respectively.

Mean incidence of shoot and fruit borer over the
season revealed that A. indica 4 per cent with soapwater

(11.50) was the most effective plant extract which was on

par with T. neriifolia 4 per cent, A. indica 4 per cent

and T. neriifolia 4 per cent with socapwater, but inferior

to carbaryl 0.2 per cent. Control and tobacco decoction

were on par with 39.07 and 38.54 per cent damage respec-

tively.

3}3.2.5. Bhindi ‘leaf roller S. derogata

Data collected on the mean number of larvae

S. derogata observed at different occasions after spraying

are presented in Table 13,

At two days after spraying plots receiving carbaryl
0.2 per cent recorded the least population (4.65) and it

was followed by T. neriifolia 4 per cent with soapwater

(10.28). All other treatments were on par with control.

At five days after spraying also carbaryl 0.2 per cent (2.49)



Table 13, Mean population of lesf roller larvae observed at different in

extracta on bhindi

tervals after spraying plant

HMean nuaber «f larvae obgerved at difforent intervals after spraying

Treatzents days after third spraying days after fourth apraying
2 5 10 15 2 5
A. indica 12.10 9.29 7.33 11.30 5.57 3.64
extract 2 per cent (3.48)abc (3.05)cde (2.71)bc (3.36)bca (2.36)c (1.91)4
n 4 per cent 12.95 11.07 7.28 8.95 5.89 5.62
(3.60)abc (3.33)abe {2.70)bc (2.99)cdef (2.43)c (2.37)abed
T, neriifolia 14.30 11.63 6.93 10.21 6.93 6,33 4
extract 2 per cent (3.78)ab (3.41)abc (2.63)bc (3.21)bcde (2.63)bc (2.52)abe
" 4 per cent 14.08 15.58 9,29 10.30 6.15 5,48
! (3.75)ab (3.95)a (3.05)be (3.21)bcde (2.48)bc (2.34)bcd
C. infortunetum - 13.58 10,23 . 7.61 6.30 9.35 8.45
extract 2 per cent (3.69)abc (3.20)bcd (2.76)bc (2.51)fF (3.06)ab (2.91)ab
" 4 per cent 11.70 6.56 5,63 10,63 7.55% 6.89
(3.42)abc (2.56)de (2.37)c (3.26)bcde (2.75)abe (2.63)abe
A. indica extract + soap- 12,58 9.89 8.49 12.27 6.59 ) 5.03
water 2 per cent (3.55)abe (3.14)cd (2.91)bc (3.50)bc (2.57)bc (2.24)ed
n 4 per cent . 10,95 8.98 11.57 8,23 11.04 8.77
(3.31)bc (3.00)cde (3.40)ab (2.87)def (3.32)a (2.96)a
T. neriifolia extract + soap- 12.69 10.80 9.25 6.93 5.72 5.85
water 2 percent (3.56)abe (3.29)abe (3.04)bc (2.63)ef (2.39)c (2.42)abcd
" 4 per cent  10.28 5.91 10.60 9.33 8.30 5.69
(3.21)c (2.43)a (3.26)b (3.05)cdéf (2.88)abc (2.39)abcd
C. infortumatum extract + 14.33 11.99 8.94 10.23 8.51 6.80
soapwater 2 per cent (3.79)ab (3.46)abc (2.99)bc (3.20)bcde (2.92)abe (2.61)abe
" 4 per cent  13.72 11.26 9.29 9.79 6.36 5.41
(3.70)abc (3.36)abe (3.05)be (3.13)becde (2,52)be (2.33)bea
Tobacco decoction 13,73 15.27 11.57 13.97 6.30 4.52
(3.71)abe (3.91)ab (3.40)ab (3.74)ab (2.51)bc (2.13)ca
Carbaryl 0,2 per cent 4.65 2.49 0.22 7.19 7.41 0.74
(2.16)a (1.58)f (0.47)4 (2.68)ef (2.72)c (0.86)e
Control 15.32 12.84 16,21 17.58 9.22 3.47
(3.91)a {3.58)abc (4.03)a (4.19)2 (3.04)adb (1.86)a
cD 0.539 0.633 0.659 0.540 0.518 0.517

I
Mean ‘number
of laivae
obgerved during
entire crop
period
8.43
(2.90)de

8,71
(2.95)cde

9.48
(3.08)bcge

10.75
(3.28)b

8.45
(2.91)de

8.11
(2.85)de

9.54
(3.09)bca

9.50
(3.08)beca

8.32
(2.88)de

7.98
(2.83)e

10.01
(3.16)abc

9.26
(3.04)bcde

10.58
(3.25)ab

3.66
(1.91)fF

14.22
(3.77)a

*x

Figures in parentheses are transformed values x

Mean of four observational plants

A
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remained as the most effective treatment, and it was

followed by T. neriifolia 4 per cent with soapwater (5.91)

and C. infortunatum 4 per cent (6.56). The population in

other treatments varied from 8.98 to 15.58 and all were

on par with control (12.84). in the observation collected
on 10th day after spraying the mean number .of larval popu-
lation was least under carbaryl 0.2 pér cent (0.22) folloﬁed

by C. infortunatum 4 per cent (5.63). Remaining treatments

except A. indica 4 per cent with scapwater and tobacco
decoction héd significantly lesser population than in
control plot (16.21) ranging from 6.93 to 10.60 and were

on par among themselves. In the data collected on 15th

day all the treatments-except tobacco decoction were seen
superior to control. Among them A. indica 2 per cent (11.30)
and A. indica 2 per cent with soapwater (12.27) were infe-
rior. and rest of the treatments wefe on par with carbaryl

0.2 per cent.

In the observations made at two days after fourth

spraying A. indica 2 per cent (5.57), T. neriifolia 2 per

cent with soapwater (5.72) and A. indica 4 per cent (5.89)
were effective when compared to control and other treat-

ments, including carbaryl 0.2 per cent, were on par with

control.



Toble :14. Mean number of C. gexmaculsata obzervad at different intervals after spraying plant extracts on bhindi

Mean number observed

?

at different intervals after treatment

Troatments
days after first spraying days after second spraying Moan"
2 5 10 15 2 5 10 15
. indica extract 2 per cent 17.78 16.64 12,61 10.7s 9.55 7.28 6.56 3.61 10.61
&- amo (4.22)ad (4,08)ab.  (3.55)ab (3.29)  (3.09)cde  (2.70)ab (2.56) (1.50) (3.26)¢
. 4 per cent 15.36 12.27 10.23 11.59 12,58 6.98 5,66 3.10 9,25
(3.92)ab ¢3.50)p (2.2005 (3.40)  (3.55)abca  (2.64)bc (2.38) (1.76) (3.04)g
. neriifolia extract 16.73 14.86 13.64 12,84 13,21 6.48 8.%2 3.44 10.70
T. per 2t ¢ cemt (4.09)ab (3.85)ab (3.69)0b (3.58)  (3.63)abcd  (2.54)bc (2.08) (1.85) (3.27)ef
. 4 per cent 13.79 15.15 12.86 14,19  16.99 - 6.27 4.52 4,08 11.10
: (3.71)b (3.89)eb (3.59)ab (3.77)  (4.12)a (2.50)be (2:13) (2.02) (3.33)cet
14.60 15.57 10.96 11.63  14.05 9.85 5.90 6.30 11.20
N tract
€. infortunatu exPract cent (3.82)eb (3.95)ab (3.31)b (3.41)  (3.75)abcd  (3.14)eb (2.43) (2.51) (3.35)der
. - 4 per cent 15.31 18.61 16,28 13.05  11.24 7.66 . - 7.54 5.26 12.21
(3.91)ab (4.31)a (4.03)sb (3.61)  (3.35)abcd  (2.77)ab (2.75) (2.29) (3.45)ca
. extract + ter 16.81 . 15.92 15.57 11.48 9.57 12.64 9.16 4.62 12.13
A. indica extract 4 Soapot T (4.10)ab (3.99)ab (3.95)ab (3.38)  (3.09)cde  (3.55)a (3.03) (2.15) (3.48)cd
. " 4 per cent 14.37 17.97 13.02 13,46 12.30 5.25 8.66 5.55 12.00
(3.79)ab (4.24)a (3.61)ab (3.67)  (3.51)abcd  (3.04)ob (2.94) (2.35) (3.46)ca
) 142 extrack + 13.76 19.29 16.16 10.96 9.59 10.65 9.64 4.58 11.94
Z: Derlifolls extract ¥ cemt (L.71)b (4.39)0 (4.02)2b (3.31)  (3.10)cde  (3.26)ab (3.11)  (2.14)  (3.46)cde
. 4 per cent 15.64 17.66 11.57 16.56  11.94 8.35 9.24 5.59 11.82
(3.96)ab (4.20)a (3.40)ab (3.82)  (3.46)abca  (2.89)ab (3.04) (2.37) (3.44)caof
. infortunatum extract 4+  18.51 12.25 14.75 12.45  10.90 9.59 7.33 6.21 11.56
G O s went (4.30)a (3.50)b (3.88)eb (3.53)  (3.30)bcd  (3.10)ab (2.71) (2.49) (3.40)edat
. & per cent 16.00 16.93 12.45 14.54 8.92 7.84 4.89 5.26 10.93
(4.00)ab (4.11)2 (3.53)ab (3.81)  (2.99)de (2.80)ab (2.21) (2.29) (3.31)det
bacco decoction 17.25 17.94 11.18 16.06  14.86 10.89 7.23 5.89 12.68
Tebacco : (4.15)ab (4.24)a (3.34)b (4.00)  (3.85)abc  (3.30)ab (2.69) (2.43) (3.56)be
Carbaryl 0.2 per cent 7.17 4.91 2.85 9.93 6.30 3.32 2.78 4.25 5.54
arvary e (2.79)c (2.22)c (1.69)c (3.15)  (2.51)e (1.82)c (1.67) (2.086) {2.25)h
control 17.95 15.94 17.94 15.47 15.58 10.56 - 10.90 8.29 14.80
(4.28)ab (4.47)a (4.24)a (3.93)  (3.95)ad  (3.25)ab (3.30) (2.88) (3.85)a
0.532 0.728 NS 0.698 0.758 Ns NS *e

CD 0,473

T3 19 d e b s e memt A e e A e A LW



18.51. On fifth day also the toxibity of carbaryl towards
the predator was the maximum with the least population of

4.91 against 19.94 in the control. But C. infortunatum

2 per cent with 0.4 per cent Soapwater and A. indica

4 per cent were also found toxic (12.25 and 12.27 respec-
tively) and they ranked next to carbaryl 0.2 per cent.
Other treatments had no deleterious effect on the predator
and were on par with control. On tenth day plots treated
with carbaryl 0.2 per cent had a mean number of 2,85 pre-
dators as against 17.94 in the control plot. Other treat-
ments which reduced the population of predators were

A. indica 4 per cent (10.23), C. infortunatum 2 per cent

(10.96) and tobacco decoction (11.15), the rest were being
on par with control. Data on 15th day showed that there

was no significant variation among the treatments and mean
population ranged from 9.93 to 16.06 in the plots receiving

carbaryl 0.2 per cent and tobacco decoction.

Two days after second spraying carbaryl 0.2 per cent

was most toxic (6.30) and the treatments C. infortunatum

4 per cent with soapwater (8.92), A. indica 2 per cent
(9.55), A. indica 2 per cent + scapwater (9.57),

T. neriifolia 2 per cent with soapwater (9.59) were also

toxic and on par with carbaryl 0.2 per cent. Other treat—

ments were less toxic with mean population ranging from
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10.90 to 16.99, compared to 15.58 in control. But at S
days after'spraying though carbaryl 0.2 per cent remained
as the most toxic treatment {3.32), the other treatments
were on par with control (10.56). Observations recorded
on tenth and fifteenth day after second ‘spraying did not
show significant variations among the treatments though
the mean populagion in carbaryl 0.2 per cent treated plot
was the least (2.78 and 4.25 for the two observations) and

maximum was in control (10.90 and 8.29 for the two obser-

vations) respectively.

Data computed on the mean predator population also
revealed maximum toxicity'for carbaryl 0.2 per cent (5.54)
followed by A. indica 4 per cent (9.25). All the plant
extracts including tobacco decoction affected the predator
population with values ranging from 10.61 to 12.68 as

against 14.80 in control. The treatments of A. indica

2 per cent (10.61), T. neriifolia 2 per cent (10.70),

€. infortunatum 4 per cent with soapwater (10.93),

T. neriifolia 4 per cent (11.10), C. infortupnatum 2 per cent

(11.20), C. infortunatum 2 per cent with soapwater (11.56),

and T. neriifolia 4 per cent with soapwater (11.82) were
on par among themselves, and ranked next to A. indica

4 per cent (12.68).
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3.3.2.7. Yield

The data relating to the damaged fruits and healthy
fruits of bhindi obtained from the experimental plots are

presented in Table 15.

Plots treated with carbaryl 0.2 per cent recorded
least fruit damage of 161 g and it was on par with A. indica
4 per cent (198.33) as against 409.33 g in control. Fruit
damage was significantly less in plots treated with

-~ T. neriifolia 4 per cent (216.00), A. indica 2 per cent

with soapwater.(231.67), and 53 indica 4 per cent with
soapwatef (212.00) and they were on par with A. indica

4 per cent. Other treatments except tobacco decoction

were effective against the pest and were in the following
descending order in efficacy: A. indica 2 per cent (240.00),

T. neriifolia 4 per cent with soapwater (245.00),

T. neriifolia 2 per cent with soapwater (247.00 gq),

C. infortunatum 2 per cent (253.67 g), C. infortunatum

4 per cent (274.33 qg), C. infortunatum 4 per cent with

soapwater (293.33 g) and C. infortunatum 2 per cent with

soapwater (303.33 g)-

The yield of healthy fruits obtained from the plots
treated with 0.2 per cent of carbaryl (1962 g) was the

highest and the least was under control (1052 g). Among
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Table 15. Effect of plant extracts and Carbaryl on the yileld of bhindi

e

Mean weight of Mean weight of

Treatments

. ... damaged fruits healthy fruits
(g/plot) (g/plot)
A. indica extract 2 per cent 240.00def 1430b
u 4 per cent 198.33 gh 1520bcde
T. neriifolia extract 2 per cent 273.33bcd 1505becd
s 4 per cent 216.00efg 1585bcde
C. infortunatum extract 2 per cent 253.67cge 1490bc
u 4 per cent 274.33bcd 1577bcde
A. indica extract + soapwéter
2 per cent 231.67efg 1560bcde
" 4 pexr cent 212,00£fg 1.685cde
T, periifolia extract + soapwater :
et 2 per cent 247.,00def 1718e
" ‘ 4 per cent 245.00def 1712e
c. infortunatum extract + soapwater - _
( 2 per cent 303.33bc 1548bcde
& ‘ 4 per cent 293.33b 1600bcde
Tobacco decoction 431.67a '1030a
Carbaryl 2 per cent 161.00h 1962f£
Control 409.33a 1052a
Lk ¥ %

Means followed by a common letter are not significantly different at

5% level DMRT



the plots treated with plant extracts T. neriifolia 4 and

2 per cent with soapwater recorded high yield of 1718 and
1712 g respectively. They were on par with A, indica

4 per cent, C. infortunatum 2 per cent with soapwater,

A. indica 2 per cent with soapwater, C. infortunatum

4 per cent, T. neriifolia 4 per cent, C. infortunatum

4 per cent with soapwater and A. indica 4 per cent with
soapwater with mean yield of 1520, 1548, 1560, 1577, 1585,
1600, and 1685 g per plot. The yield in A. indica 2 per cent

and C. infortunatum (1430 and 1490 g) were significantly

lower than the above treatments but they were superior to

the tobacco decoction (1030 g) and control.



DISCUSSION



DISCUSSION

4,1, Evaluation of plants

Neem is well known as a source of insecticidal
constituents. Earlier studies have revealed the useful-
ness of other locally available plants also for controlling
the important crop pests. Saradamma (1989) reported that
water acetone and benzene extracts of T. neriifolia,

L. camara, A. indica, N. oleander, E. odoratum,

C. infortunatum, C. variegatum, P. odoratissimus,

M. esculenta suppressed adult emergence of many test

insects. Considering the easy availability of the plants

locally, these eight plants viz., A. indica, T. neriifolig,

C. infortunatum, N. oleander, E, odoratum, A. squamosa,

P. zlabra, and C. gigantea were used to study their effi-
cacy for controlling the crop pests in the field., The
phytochemicals present in these plants include behaviour
modifying compounds, those interfering with the normal
development and to a limited extent toxic principles also
(Redfern gﬁ al., 1981; Ruscoe, 1972 and Steets and
Schmutterer, 1975). Since leaves are plant parts easily
available throughout-the year and in sufficient quantities
for practical field application they were ufilised for
the studies. The active principle available in the leaf
extracted with different solvents like acetone, methanol,
benzene, petroleum ether and water. Since the chemical
solvents are costly and not easily available at the farmers

level, water, which was found effective when tested with
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many insect pests (Kuhn et al., 1950; Maxwell et al.,

1965 and Rao and Mehrotra, 1977), was used here.

4.1.1. Screening of plants against pests of amaranthus

The plants in pot culture experiment were infested
with leaf webber P. basalis, and the effect of the different
plant extract were presented in para 3.1.1 carbaryl, used
as an insecticide check for comparing the effects of the
plant extracts, was most effective treatment upto 14 days
after application and recorded the least average popula-

~tion throughout the crop season. Among the plant extracts

-

T. neriifolia 4 per cent was top ranking and it was next

to_carbaryl 0.2 per cent. It could suppress the pest
population from the second day to fourteen days after
spraying. Tobacco decoction used as an insecticide of

plant origin was much inferior to T. neriifolia.

The efficacy of related species of plants Thevetia spp

viz., T. thevetiodes and T. neriifolia in controlling

hemipteran pests.(Saradaﬁma, 1989), Coleoptera (Reed et al.,
1981), Lepidoptera (Mc. Laughlin et al., 1980) were
reported. Mc. Laughlin’(1980) has reported cent per cent
larval mortality of 9.'nubilalis (European corn borer)

‘when seeds of mexican yellow oleander, T. thevetiodes

was incorporated into the diet. The present finding on
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the efficacy of leaf extract against P. basalis indicated

the possibility of using T. neriifolia for plant protection
at field level.

The mean yield obtained from the plants treated

with T. neriifolia was almost the same as obtained from

carbaryl treatment. Carbaryl had immediate and acute
toxicity leéding to the heavy mortality and low survival

of pest and thereby increasinélthe yield. Other plant
extracts also could produce a yield on par with insecticide

by the multichemical principles, discouraged feeding, and

other normal activities of the insect.

C. infortunatum at 4 per cent concentration also

-

reduced the population of P. basalis from second to

fourteenth day on par with T. neriifolia with slight

decrease in yield, but 2 per cent extract being inferior,

it can be ranked only next to T. neriifolia. The insecti-

cidal activity of C. infortunatum was reported against

C. formicarius earlier by Rajamma (1982). One per cent

ether extract of C. fragrans also gave cent per cent protec-

tion from third instar larvae of S. litura (Hosozawa et al.,

1974).

E. odoratum and A. indica exerted toxicity only from

seventh day onwards that too at the higher concentration,



v 1. Efficacy of aqueous plant extr

|

‘ acts in comparison
with carbaryl on the control of amaranthus
leaf webber P. basalis



Mean number of leaf webber larvae

Pig. 1

- 1. Carbaryl 0.2%
T 2 I periifelia e
! 3. €. infortunatum 4%
o~ 4., T. 2%
_Jﬂd 5. £ 4%
6. E. 4%
— 7. A. . 2%
g. C. rtunzgium 2%
— ; 8. =. 2%
_;—4 . PRI 3 4%
1. 2. 4%
12. C. 2%
i3. P, 4%
14. Tobacco decoction
15. A. sguamcsa 2%
16. C. gigantea 4%
17. N. oleanier 2%
1 2 3 4# 5 6 7 & 9 o u 123 '-1_15 e 7 1% _'Q 18. P. clabra 2%

Treatments 1%. Control



though the average population under these treatments were

statistically on par with that of T. neriifolia 2 per cent.
A. indica could produce compératively higher yield than-
that of E. odoratum probably due to its well known dete-
rrent action, reported against wide variety of insects
(Chari and Muraleedharan, 1985; patel > et al., 1968 and
Saxena, 1982). The other plant extracts including the
tobacco decoction did not have any effect. The higher
concentrations of these plants extracts_reduced avarage

pest population compared to control, but the effect was

.-

not reflected in vyield.

The effect of different plant extracts on the leaf
webber P. basalis is represented . in Fig. 1. Four and

2 per cent extracts of T. neriifolia, C. infortuhatum,

A. indica, E. odoratum, and 4 per cent extract of

N. oleander and A. squamosa which ranked over.others were

selected for further studies.

4.1.2. Screening of plants against pests of bhindi

Bhindi plants under the experiment were infested

with aphids (A. gossypii), leaf hoppers (8. bigquttula

biguttula) and shoot and fruit borer (E. vitella).

As presented in para 3.1.2.1 carbaryl was more

effective than the plant extracts and persisted for a period



of ten days for the first two sprayings and fifteen days
for the third spraying. The population in the control
plot recorded 15 per cent natural decline compared to
original population during the course of 45 days. Among

the plant extracts T. neriifolia 4 per cent was ranked

first followed by 2 per cent extract which was on par with
and tobacco decoction during the crop period. Upto tenth

day the two per cent extract of T. neriifolia was inferior

to 4 per cent extract. But the overall effect was on par
with tobacco decoction. Tobacco decoction has been an

effective insecticide of plant origin against soft bodied

insects. T. neriifolia which is a locally available plant
that can be easily collected without incurring much cost
was found as an effective substitute for tobacco decoction.

The aphicidal effect of water extract of T. neriifolia

was reported by Saradamma (1989) with A. gossypii and
5.‘cracivogé. Extracts of A. indica were also effective
against .7 % A. gossypii. Insecticidal property of neem
seed kernel against A. gossypii was reported as early as

in 1944 by Cherian and Menon and subsequently Asari and
Nair in 1972. Saradamma (1989) reported that benzene
extract of neem could protect the crop upto ten days on par
with carbaryl 0.2 per cent. In the present studies also
the.crop could be protected for a period of ten days but

it was not on par with carbaryl and this could be due to
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£he lower toxicity of water extracts. Two per cent water
extract of neem leaves exhibited repellent effect and
inhibited the mean population of B. bréssicae on cabbage
and cauliflower from 45 to 60 per cent in pot and field

trials (Kirpal Singh and Sharma, 1985%). The present studies

was in full agreement with this finding.

Four per cent extract of C. infortunatum, A. squamosa,

P. glabra and 2 per cent extract of E. odoratum and
C. glgantea also exhibited a reduction in population. How-
ever the higher concentrations of E. odoratum and

C. gigantea remained less toxic.

The results presented in para 3.1.2.2 revealed the
supremacy of carbaryl in producing an immediate reduction
in population of leaf hoppers compared to that of plant
extracts. The toxicity of carbaryl persisted upto fifteen
days after application and it could reduce the population
significantly throughout the crop period compared to plant

extracts. Four per cent extract of C. infortunatum and

T. neriifolia were effective and came close to carbaryl.

They reduced the pest population from two days after appli-
cation to fifteen days. The mortality observed at two
days after spraying is to be attributed to the dinsecticidal

activity of the materials. Nymphal mortality of

D. cingulatus was reported with C. infortunatum by Saradamma




(1989). She reported a reduction in population of

A. gossypii when sprayed with the bengzene extract of

C. infortunatum.

Contact toxicity of T. neriifolia against A. gossypii

and its insecticidal property against A. craccivora were

reported by Saradamma (1989). It may be the same phenomina
that brouéht a reduction in population at two days after
application. Throughout the crop period the population
remained below 50 per cent Qf the population in control,

on plants treated with C. infortunatum and T. neriifolia.

It can be effectively incorporated as a tool in the manage-
ment programme against this pest. Extracts of A. indica

4 per cent and C. infortunatum 2 per cent were effective.

The higher concentrations have evidently gave better
.results in controlling of the pest. Toxicity of neem to a
wide range of sucking insects have been reported earlier
(Saxena, 1987; Goyal et al., 1971). Rao and Rao (1979)
reported high mortality of N. lugens with 1 per cent neem
48 h after application. Two per cent extract of neem leaf
could reducestﬁe overall‘popﬁlation by 40 per cent. The
extracts of N. oleander, E. cdoratum, and P. glabra, both
the cdncentrations, were effective against leaf hoppers.

But persistent toxicity of these materials were not con-

sistent at different occasions. Tobacco decoction was not



H@~2. Efficacy of aqueous plant extracts in comparison
with carbaryl on the pests of bhindi

(a) aphids
(b) leaf hopper

(c) shoot and fruit borer
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‘at all effective in controlling the pest though some toxi-

city was noticed at two days after first spraying compared

to that of control,

Against shoot and fruit berer E. viténg (para
3.1.2.3) carbaryl remained as the most effective treatment
+with 7.3 per cent fruit damage éompared to 62,21 under

control. T. neriifolia 2 per cent and A. indica at both

the concentrations limited the incidence of the pest during
the entire crop season. Toxicity of neem .against fruit
borers like E. vitella (Chouhan and 0Qadri, 1989) L. orbonalis

(Krishnamurthy Rao, 1983) and L. decemlineata (Reed and

Reed, 1384) were reported earlier. Though carbaryl was
best in reducing the population of aphids, leaf hoppers
and shoot and fruit borers the effect was not reflected

in the yield since carbaryl came on par with extracts of

C. infortunatum, T. neriifolia and A. indica with reference
to the yield. There was no earlier report on the effective-

ness of C. infortunatum and T. neriifolia against the fruit

borers.

The plant extracts are ranked in their order of
efficacy against aphids, leaf hoppers, shoot and fruit

borer in Fig. 2. T. neriifolia 4 and 2 per cent, A, indica

4 and 2 per cent and C. infortunatum 4 per cent were effec-

tive against all the three pests and were ranked below the
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carbaryl. C. infortunatum 2 per cent, E. odoratum 2 and
4 per cent though they were effective against the insects.

N. oleander 4 and 2 per cent were found effective against

"leaf hoppers.

Based on the extent of control of amaranthus and

bhindi pests five plants viz. A. indica, T. neriifolia,

C. infortunatum, N. oleénder, and E. odoratum were selected

for further studies.

4.2. Augmenting toxicity of plant extracts by use of
different additives

The data presented in para 3.2.1 revealed that 8 and

4 per cent extracts of C. infortunatum and 8 per cent

extract of T. neriifolia significantly reduced the adult
emergence of S. litura (Fig. 3). The overall effect of
the plant extracts computed irrespective of different addi-

tives showed C. infortunatum extract kept the population

F
of the S. litura safe levels. The combinations of 8 per cent
leaf extract with one or two per cent Eeepol was more effec-

tive. Though the combination of soapwater with 8 per cent

extract of C. infortunatum came next to teepol combination

the mean per cent of normal adults emergence did not vary
significantly in the two treatments. The overall effects

of teepol 2 per cent and soapwater as represented in



R@. 3. Effect of aqueous extracts.of plants and additives
in augmenting the toxicity against larvae of
S. litura
(a) BEffect of aqueous plant extracts at
different concentration

(b) Overall effect of additives
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Fig. 3b were on par; The combination.of teepol with
coconut/oil showed low percentage of adult emergence com-
pared to that of the combination éf the leaf extract with
coconut oil alone and was ineffective in controlling the
normal adult emergence. This phenomena may be due to the
-additive effect of teepol. The combinations\of 8 and

4 per cent extracts of C. infortunatum with teepol one per

cent + coconut oil one per éent and 0.4 per cent soapwater +
1 per cent coconut oil had the same percentage of normal
adult emergence (19.31 and 39.31 respectively). It may be
observed that teepol and soapwater had similar action in
augmenting the toxicity of leaf extracts (55.63 and 55.51
- respectively). Though soap was known to increase the
toxicity of plant extracts against aphids (Cherian and
Menon, 1944; Kabir and Mia, 1987) the information that
soap could be used in combination with plant extracts to
prevent adult emergence of S. litura (54.49 per cent) is

a new finding. Saradamma (1989) observed S50 per cent

adult emergence of S. litura treated with cent per cent

concentration of C. infortunatum, and the emerging adults
were sterile and did not lay eggs. In the present study

8, 4 and 2 per cent leaf extracts C. infortunatum caused

80.69, 83.64, and 86.99 adult emergence whereas the
corresponding values in combination with socapwater were

26,20, 43.16 and 60.14 per cent., Evidently the toxicity
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of leaf extract was auamented three fold and two fold by
using scapwater with 8 and 4 per cent leaf extract respec-
tively. Since soap is an easily available and cheap
material it can be used advantageously in plant protection
operations. Though 8 per cent concentrations of the plant
extracts were more effective 4 per cent concentration also
could reduce the adult emergence to 46.37 per cent. As it
involves labour for collecting leaves to prepare extracts,
effectivé extracts of lesser concentrations will be prefe-

rable. Hence for field experiments 4 and 2 per cent extracts

with soap as additive were selected.

-Results presented 'in para 3.2.2 on the mean percen-
tage mortality of A. gossypii indicated the efficacy of

the combinations of 4 or 8 per cent extracts of A. indica

and T. neriifolia with 0.4 per cent soapwater and the

combination of T. neriifolia 8 per cent extract with

1 per cent teepol and 1 per cent coconut oil, These two
plants were superior to rest of the plants at different

- concentrations as represehted in Fig. 4a. The plant extracts
alone produced a mortality of 56.69 to 90.76 per cent and

63.40 to 80.69 per cent under different concentrations of

A. indica and T. neriifolia respectively and the mortality

was enhanced by the additives by 38.21 to 9.24 per cent

and 27.85 to 19.31 per cent for the two plants respectively.



914, Effect of aqu2ous extracts of the plants and
additives in augmentinc the toxicity against

aphids A. gossypii

(a) Effect of agqueous plant extracts at
different concentration

(b) oOverall effect of additives
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Of the additives tried 0.4 per ‘cent soapwater augmented

the toxicity more effectively as shown in F%gf 4b. In
general it may be observed that the augmentation was more
at lower concentrations and addition of soapwater to

2 per cent extract increased the toxicity of the leaf
extract by 4.14 per cent more than that with eight per cent

extract of A. indica. 1In case of T. neriifolia, however

4 per cent and 8 per cent extracts were on par. Toxicity
of the 2 per cent extract (63.40) was enhanced to the
extent of 10.56 per cent above the most effectivé concen-
tration of the leaf extract. Aphicidal activity of the

-

extracts of A. indica and T. neriifolia was reported earlier

(Saradamma, 1989). wWorkers like Cherian and Menon (1944)
also reported about enhancement in the toxicity of plant
extracts by the addition of soap. 1In the present studies

4 per cent extract of A. indica and T. neriifolia with

soapwater produced cent per cent mortality of aphids and
2 per cent extract with soapwatér was also on par with it,
The lower concentrations of the plant extracts in combina-

tion with soapwater may be chosen for controlling the aphid

p@pulation.

In the experiment C. infortunatum was found most

"éffective with least percentage of adult emergence. Against

ﬁ._gdsszgii'extracts'of A. indica and T. neriifolia were

\
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effective and upto cent per cent mortality was counted
by the treatments. Hence the three plants in combination
with soapwater, one of the effective but the cheapest
additive, wege selected for the field trial. They were
compared with the leaf extracts alone and carbaryl for

controlling pests of amaranthus and bhindi.

4.3. Control of pests of amaranthus and bhindi using plant
extracts in field

As presented in para 3.3.1.1 extracts of A. indica

4 per cent, T. neriifolia 2 and 4 per cent, C. infortunatum

2 and 4 per cent could control the foliage damage caused
by A. crenulata from second day to fourteenth day after

spraying. Addition of soap to 2 per cent extract of

A. indica and T. neriifolia could augment the toxicity

while there was no such enhancement in the case of 4 per cent
extract. The plant extracts with and without soapwater
could protect the crop on par with carbaryl upto 14th day
after treatment. The efficacy of the extract of A. indica

is known for preventing the feeding by grasshoppers like

C. trachypterus and S. gregaria (Sandhugurmel and

Darshan Singh, 1975; Sergent, 1944). Extract of

T. neriifolia at 2 per cent concentration with and without

soap had the same effect as A. indica extract. The two

extracts, especially at the lower concentrations, fared
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better than the carbaryl considering its overall effect
throughout the season, while tobacco decoction was not at
all effective against grasshoppers. Addition of soap to

C. infortunatum could not produce any impact against this

pest. T. neriifolia, since it is a locally available plant
may be preferred for managing the foliar damage in amaranthus

caused by A. crenulata.

Results presented in para 3.3.1.2 indicated the
superiority of conventiénal insecticide, carbaryl over
plant extracts to provide immediate control of the leaf
webber P. basalis. But on fourteenth day it came on par
with the plant extracts. It could reduce the mean number
of larvae and corresponding.leaf damage to the minimum
during the crop season. The differences in mean number of
larvae (3.22) and mean weight of damaged leaves (55 g)
between the carbaryl, 4 per cent extract of A. indica with

soapwater and 4 per cent extract of T. neriifolia were

slight. The extracts of A. indica, T. neriifolia with

and without soap (éxcept 2 per cent extract of A. indica)
could reduce the larval infestation by to half compared
to the population on plants sprayed with water and there.
wés corresponding reduction in the leaf damage. Though
the addition of soap has augmented the poxicity of the

extracts only in the case of 2 per cent extract of A. indica,



there was a general enhancement. Two per cent extract of
neem with soapwater (6.99) brought the mean larval kill to
the level of mortality in 4 per cent extract of A. indica
(6.68). The effectiveness of neem against leaf caterpillars
like cabbage wWeb worm C. binotalis (Fagoonee.l1980),

B. xylostella (Steets, 1975) and M. separata (Sharma et al.,

1983) had been already reported. Against P. xylostella

Adhikary (1985) reported that crude methanol extract of
neem seed at 2 and 4 per cent were more efficient than
mevinphos'and deltamethrin. But in the study 4 per cent
agueous extract of neem was found inferior to carbaryl.

The extract of T. neriifolia 4 per cent with and without

$0ap and 2 per cent extract with soap were as effective
as the 4 per cent extracts of neem. The pest control acti-

vity of this locally available plant against P. basalis

is a new information.

It may be observed that 2 per cent extract of

A. indica and T. neriifolia added with 0.4 per cent soap

solution protected the crop against A. crenulata and
P. basalis on par with the respective 4 per cent extract.
But plots treated with 4 per cent extracts of A. indica

and T. neriifolia with and without soap and 2 per cent

extract of A. indica with soap recorded maximum yield and

they were on par with carbaryl. Though carbaryl was superior
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to plant extracts in reducing the pest population, it was

-not superior to A. indica and T. neriifolia in increasing

the yield. This.may be due to the different behavioural,
physiological and insecticidal stress exerted by the
extracts for a prolonged period and they reduced the damage
due to feeding better than carbaryl. These characters were
more pronounced at the higher concentrations with-the
exception of A. indica in which the potency of 2 per cent
eéxtract was augmented and brought to the level of 4 rer cent

when mixed with soap. Mere application of the aqueous leaf

extract of A. indica and T. neriifolia with a little soap
added to the 2 per ceﬁt concentration could protect

| amaranthus crop against grasshoppers and leaf webbef on par

with a potent conventional insecticide like carbaryl. This

practice can be used as majoglcomponent in the pest manage-

ment system for amaranthus as these plant materials can be

easily collected, prepared and applied in homestead gardens

even by housewives and a crop uncontaminated by insecticides

can be harvested.

The finding obtained in the laboratory trial that:
the soapwéter enhanced the toxicity of extract was not
evident in field except in the case of 2. indica 4 per cent.

alie

41

Fh

Tre extract of T. narii T 2z and 4 per cent concentra-

.

tion produced aphid mortality and it was on par with tobacco
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decoction which ranked next to carbaryl. Contact toxicity

of the water extract against A. goészgii and its effective-
ness in field to protect the crop had been reported by
Saradamma (1989). This disagreement may be due to the high
population level of aphids combined with congenial condi-
tions for multiplication. 1In plots which received carbaryl
had an immediate suppression of aphid from 1171.80 to 144.06
at two days after spraying whereas in other treatments
there was only a gradual decline which facilitated the
population to build up at a rapid stage from the surviving
oneés. As the addition of socapwater to the eitracts could
augment the toxicity under laboratory conditions addition
of soap at higher concentrations will have to be investi-
gated fﬁrther for reaching a confirmative conclusion in the
field. Anyhow the finding that 4 per cent extract of

T. neriifolia could reduce the mean population of aphids,

on par with tobacco decoction is of practical importance.
Tobacco being a costly commodity, can be substituted with

this cheap and locally available plant T. neriifolia.

Though the toxicity of 4 per cent extract of A. indica was
enhanced by addition bf soap 1t was not én par with
carbaryl 0.2 per cent as reported by Saradamma (1989) with
2 per cent-benzene extract. 45 to 60 per cent reduction
in population of B. brassicae reported Kirpal Singh and

Sharma (1986), with 2 per cent water extract of A. indica
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could be obtained in the present study also.

The resﬁlts presented in para 3.3.2.2 revealed
that the/damage caused by grasshoppers in the early stage
of the crop was controlled by extracts of A. indica better

than with carbarYl. S5oap added to the extracts of

T. neriifolia could enhancé‘the toxicity of extract»at

2 per cent level. 1In this experiment carbaryl was found
inferior to 4 per cent extract of A. indica during the
crop season though such efficacy was/not evident at the
individual Qbservations. Tﬁe plant extracts and carbaryl
were ‘effective upto the fifth day after spraying though
effective persistence for seven days against S. gregaria
was reported by $érgent (1944). The difference exhibited
by carbaryl in its persistent toxicity on amaranthus and
bhindl .against A, crenulata may be due to the bioecological
situation and the time of application. It may be observed
that the data collected on 10th and 15th days after spray-

ing did not show significant variations among the treat-

ments. Extract of 4 per cent C. infortunatum and

T. neriifolia 2 and 4 per cent with soap also reduced the

leaf damage on par with carbaryl. The same efficacy was
observed on both the crops against A. crenulata with these
extracts. Though the antifeedant property of A. indica

against the grasshoppers is known the information that



4 per cent extract of C. infortunatum and T. neriifolia

added with soap can be used efficiently for substituting

carbaryl for controlling grasshoppers is a new one.

Against leaf hoppers (para 3.3.2.3) carbaryl
0.2 per cent was the most effective treatment upto 20 days

after spraying. But the extracts of C. infortunatum added

with soapwater was statistically'on par with carbaryl from
the second day to twentyth day after spraying, in many of
the individual observations. - Though majority of the treat-
ments were thic to this insect from second day onwards

only C. infortunatum with soap could reduce the population

effectively when compared with the conventional insecti-
cide. A.indica extracts were comparatively ineffective

against this pest. Extracts of T. neriifolia were mode-~

rately toxic to leaf hoppers and toxicity was augmented
in case of 4 per cent extract with scap. Effect of the .
second and third sprayings were similar with regard to the

different treatments and C. infortunatum with soap was on

par with carbaryl 0.2 per cent. The high rate of mortality

produced by C. infortunatum may be due to the insecticidal

action since the population reduction was immediate.

Nymphal mortality of D. cingulatus, five days after spray-
ing, was reported by Saradamma (1989), reduction in popula-

tion of othef insects such as A. gossypii (Saradamma, 1989).
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'C. formicarius (Rajamma, 1982) were also reported. But

it was not having higher persistent toxicity compared to
that of carbaryl, as in the overall effect, it was ranked
next to carbaryl. Antifeedant action of this plant against

S. litura (Hosozawa et al., 1974), D. obligqua (Tripathi

and Razvi, 1985) and C. chinensis (EI Ghar and EI Sheikh,

1987) were reported earlier. Though tobacco decoction had

no effect at any stage after its application C. infortunatum
extract added with soapwater could reduce the infestation

upto 70 per cent.

Effectiveness of the plant extracts in controlling
the shoot and fruit borer of bhindi has been established
in para 3.3.2.4. The-data Qere significant only on fifth
and tenth day after second and third sprayings. The second
spraying hit the aphids and leaf hoppers. The:incidence
of shoot and fruit bbrer happened to be low at the time of
application. The ineffectiveness of the treatments on
second day after application could be explained as the

in sufficiency of the time by between the application and

observation for exerting the effect. Though T. neriifolia
extract (with and without soap) could suppréss fhe shoot
and fruit borer inéidenée to zero level in one cbservation,
in the loﬁg run it had to be ranked below carbaryl and on

par with 4 per cent extract of A. indica. The addition
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of soap could not make any impact on the pest control

activity of the extract. C. infortunatum had moderate

toxicity, while tobacco decoction had no effect 'against
the pest. Ability of A. indica to control the fruit borer
'E. vitella was reported earlier by Chouhan and Qadri, 1989
Jas observed in the present experiment. Other fruit borers
like H. armigera (Kumar and sangappa, 1984), E. insulana

(Meisher et al., 1978) and L. orbonalis (Krishnamurthy Rao,

1983) were also reported to have been controlled by

A. indica.

Laughin et al. (1980) obtained cent per cent larval
mortality of European corn borer O. nubilalis when seeds

of T. thevetiodes was incorporated into its diet. No

field level results was reported on the efficacy of

T. neriifolia against borer pests of crops. Its effective-

ness against E. vitella on par with A. indica is a new

information of economic importance.

For controlling the leaf roller in para‘3.3.2.5
the plant extracts were not effective as the conventional
insecticide. The data showed inconsistent results with
respect to different treatments at different observations._

On fifth day after third spraying, 4 per cent extract of

T. nexiifolia with séap was effective and it was below

carbaryl but on fifteenth day it came on par with carbaryl.

\ i
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Two days after fourth spraying 2 per cent extracts of

A. indica also was seen effective and at five days after
spraying since the population in the control declined
very much, no significant variations could be observed.
The data on the average population during the crop season

indicated that T. neriifolia 4 per cent extract with 50ap

was effective plant extract which reduced the population
to 50 per cent compared to control which was alsoion par
with 2 per cent extract. It was also indicated that the
conventional insecticide was superior to the plant extracts
though majority of the treatments protected the crop signi-
ficantly‘when compared to control. The addition of soap

to the extract did not show consistent effect on the inset.

In the long run, extracts of C. infortunatum was also
effective like other plant extracts. Cobbinah and
Osei-Owusu (1988) reported that neem was toxic to leaf

roller Selepa docilis on aubergine. Such toxicity was not

observed in present study and the population in plots which
received neem was less compared to that of control. Since

extract of T. neriifolia was observed effective against

shoot and fruit borer also its efficacy against lepidopteran

pests required investigations in detail.

Data presented in para 3.3.2.6 revealed that the

plant extracts were not as toxic as carbaryl to
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C. sexmaculatus, the aphid predator. At the same time the

predator was not free from the deletorius effect of plant
extracts. While ghe predator population in the carbaryl
treated plot was reduced to 63 per cent, the reduction in
the  population inlplots treated with plant extracts ranged
only from 14.5 to:37.5 per cent compared to that of cbn-
trol. Among the blant.extracts A. indica, 4 per cent was
most toxic to theipredaﬂors. lBut in the absence of any
previous record on their role over the predator poﬁulation
the results obtained in the present study are to be con-

firmed with further trials.

The yield data of healthy fruits (para 3.3.2.7) has
shown carbaryl as :superior to plant extracts giving an
increase in yield‘and decrease in damage due to fruit
borer. Among the plots which received plant extracts

maximum yield was recorded in plots treated with

-

T. neriifolia with soap and the least damage was recorded
in plots treated with A. indica 4 per cént. S50ap was

having additive action only in the case of T. neriifolia

2 per cent extract. Though the variation was not stati-
stically significant with many other treatments, 2 per cent

of T. neriifolia with soap could produce the highest yield

among plant extracts while it was 12.64 per cent less than

with carbaryl. Superiority of conventional insecticides



over A. indica in the control of pod borer of red gram

was reported by Singh et al. (1984). 1In the present studies
A. indica 4 per cent extract could control the fruit damage
by E. vitella on par with carbaryl and it confirmed the
finding by Chouhan and Qadri (1989). But this protection
was not reflected in the mean weight of healthy fruits.

This may be due to the fact that though A. indica controlled
fruit borer to larger extent, other insects like leaf
hoppers which interfered with the healthy growth ofithe
plant would not have been controlled by the treatment.

Since yield is a function of the growth and vigour of the
plant and fruit damage was caused by a particular pest,
treatments which afford protection against more number of

pest, species will naturally bring more yield.

As the yield in plots treated with 2 per cent extract

of T. neriifolia (with soap) was significantly higher than

in plots treated with 2 per cent extract, evident £hat
addition of soap to the 2 per cent extract of plant has
augmented its effectiveness against different pests. So
that it would increase yield by 8.39 per cent than in

4 per cent extract, though the difference was not statisti-

cally significant. Extracts of C. infortunatum were mode-

rate in their action in producing a higher yield of healthy

fruits and controlling the fruit borer damage. The effect
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of this plant extraét,was not ‘enhanced by the addition of
s50ap. Tobacco decoction though recommended as an insecti-
cide that can be used in homesteads against the pests of
vegetables ité effectiveness against specific pests did not

reflect in the yield and it did not give any protection

against the fruit borer.
i

The different pests that infested bhindi Crop were
controlled by one or other of the plant extracts. The
grasshoppers were controlled by extracts of A. indica,

aphids by T. neriifolia, leaf hoppers by C. infortunatum,

shoot and fruit borer by A. indica and T. neriifolia and

leaf roller by T. neriifolia without causing much delete-

rious effects on £he predator population. Though the plant
extracts have not acted like broad spectrum insecticide in
reducing the population of different pests drastically, it

could increase the yield of the crop substantially.

In general the plant extracts helped to suppress
the pOpulatioh of one or other of the pests and to increase
the yield though they Qere not as effective as carbaryl.
The impact of the plant extracts on the yield of amaranthus
was not merely a fﬁnction of insect population. There was
no significant variations in yield of amaranthus in plots

AN
treated with carbaryl 0.2 per cent. T. neriifolia 4 per cent

and A. indica 4 per cent though the individual pests could
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not be controlled by these extrécts on par with carbaryl,
’In pe€st management, the drastic reduction of population

of a particular pest species is not vitae; the aim should
be the maintenance of the-different species in the eco-
systém in a balanced nature without affecting the vield of
the crop adversely. Thevetia and neem were potential in
this regard and can be successfﬁlly incorporated into the
pest management sysfem of the crop. 1In the present sfudies.

extracts of A. indica at 2 per cent concentration and

I. neriifolia at 4 per cent concentration with 0.4 per cent

Soapwater were identified for protecting amaranthus crop

from insects and thereby increasing the crop yield.

For bhindi. 2 per cent extract of T. neriifolia with

soap and 4 per cent extracts of A. indica and C. infortunatum

were highly effective against the different pests and
recorded substantially higher yield. The addition of soap

with A. indica and C. infortunatum increased the yield,

though not to a significant level. Any of the three plants
hence can be incorporated into the pest management system

of bhindi crop..



SUVIMARY



SUMMARY

!

Agueous. leaf extracts of eight locally available
plants proven for their insecticidal activity were evaluated
against the pests of amaranthus and bhindi at the College
of Agriculture, Vellayani during 1989-'90. Tt consisted

three experiments viz.,

-

(1) Screening of leaf extracts of A. indica, T. neriifolia,

C. infortunatum, N. oleander, E. odoratum, A. squamosa,
P. glabra and C. gigantea at 2 and 4 per cent concen-
trations in comparison with carbaryl O.é per cent |
(insecticide check) and tobacco decoction (insecticide
of plant origin) against the pests of amaranthus and

'bhindi in pot culture experiment.

(1ii) A laboratory trial for augmenting the toxicity of 2, 4

and 8 per cent plant extracts of A. indica, T. neriifolia,

C. infortunatum, N. oleander and E. odoratum, adding

teepol, soap and coconut oil at different concentra-

tions and combinations.

(iii) Field experiment to assess the efficacy of selected

plant extracts (A. indica, T. neriifolia and

C. infortunatum with and without the additive (soap-

water 0.4 per cent) against the pests of amaranthus

and bhindi in comparison with carbaryl and tobacco
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decoction as standards.

~In the screening trial T. neriifolia 4 per cent was

found as the most effective plant extract followsd by

C. infortunatum 4 per cent, T. neriifolia 2 per cent,

A. indica 4 per cent and E. odoratum 4 per cent against

P. basalis, and were inferior to carbaryl but superior to
tobacco decoction. Four per cent extract of N. oleander

and A. squamosa were also effective. The mean crop yield

obtained from plants treated with T. neriifolia 4 and

2 per cent, C. infortunatum 4 per cent and carbaryl

0.2 per cent were ol par. Tobacco decoction had no effect

in increasing the yield.

I. neriifolia 4 per cent followed by its 2 per cent

extract and A. indica 4 per cent on par with tobacco decoc-
" tion were the most effective extracts against bhindi -aphid,

but inferior to carbaryl. A. indica 2 per cent, C. infortunatunm

4 per cent, A. squamosa 4 per cent, E. odoratum 2 and

4 per cent, C. gigantea 2 per cent and P. glabra 4 per cent

were superior to control but moderate in action.

C. infortunatum 4 per cent and T. neriifolia 4 perlcent
= , = :

controlled the population of @. biguttula biguttula and

were ranked next to carbaryl 0.2 per cent, followed by

A. indica 2 and 4 pér cent, g./infortunatum 2 per cent and



T. neriifolia 2 per cent. Extracts of N. oleander,

E. odoratum and P. glabra at both the concentrations were

moderately effective,

Extracts of T. neriifolia 4 per cent and A. indica

4 and 2 per cent were highly effective, but less than
carbaryl, in reducing the shoot and fruit borer incidence

(E. vitella), followed by C. infortunatum 4 and 2 per cent,

T. periifolia 2 per cent and E. odoratum 4 per cent. No

reduction in infestation was observed with tobacco decoc-

tion.

The mean yield obtained from the plants treated with

A. indica, T. neriifolia and C. infortunatum (at 2 and

4 per cent concentrations) were on par with carbaryl

0.2 per cent. Tobacco decoction was ineffective in increas-

ing the yield.

In the screening trial A. indica, T. neriifolia,

C. infortunatum, N. oleander and E. odoratum were found

superior to others and were selected for further studies.

In the experiment for augmenting the toxicity of

plant extracts 8 and 4 per cent extracts of C. infortunatum

and 8 per.cent extract of T. neriifolia with teepol, coconut

oil and soapwater reduced the adult emergence of S. litura.
Combinations with teepol and soapwater were on par irres-

pective of the plant extracts.
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Toxicity of 4 and 8 per cent extracts of A. indica

and T. neriifolia was augmented highest with 0.4 per cent

soapwater against A. gossypii. T. neriifolia 8 per cent

in combination with 1 per cent teepol and 1 per cent coconut

oil was also effective to the same level,
{

Extracts of A. indica, T. neriifolia and

C. infortunatum (2 and 4 per cent) with‘and,without soap-

water as additive were tried in a field experiment for

ascertaining their efficacy.

In the field experiment, extracts of A. indica

(4 per cent), T. neriifolia (2 and 4 per cent) and

C. infortunatum (2 and 4 per cent) protected the amaranthus
Crop against A. crenulata for 14 days after spraying on par
with carbaryl 0.2-per cent. Toxiqity of 2 per cent extract

of A. indica and T. neriifolia was augmented with the

addition of soap. Tobacco decoction was not effective in

controlling A. crenulata.

Four per cent extract of A. indica with soapwater

and 4 per cent extract of T. neriifolia controlled P. basalis
effectively (inferior to carbaryl 0.2 per cent) on par with

A. indica 4 per cent, T. neriifolia 2 and 4 per cent with

soapwater, T. neriifolia 2 per cent, A. indica 2 per cent

and C. infortunatum 4 per cent with soapwater.




Extract of T. neriifolia (2 and 4 per cent) caused

high mortality of a. gossypii- on bhindi, on par with
tobacco decoctiongand inferior to carbaryl. A. indica

extracts were moderate in action.

Four per cent extract of A. indica was superior to

carbaryl in controlling the A. crenulata‘on bhindi. Extracts

of C. infortunatum (2 and 4 per cent) with soap, T. neriifoiia

(4 per cent) and T. neriifolia 2 per cent with soap were

also effectlve. ’ —

c. infortunatum extract. with soap was found efficient

in controlling the leaf hopper (8. biguttula biguttula, and

found inferior to:carbaryl whereas tobacco decoction had

no effect on leaf hopper.

Four per cent extracts of T. neriifolia and A. indica

were highly effectlve against the shoot and fruit borer,

E. vitella. Extract of C. 1nfortunatum had moderate toxi-

city while tobacco decoction had no effect on the pest.

Extracts of T. neriifolia 4 per cent with soapwater

was the most effective plant extract against S. derogata
and there was not '‘much the variation between the extracts

of other plants. 'All of them were inferior to carbaryl.

The plant_extracts were not as toxic as carbaryl

to the predatory beetle C. sexmaculata, Among the plant
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extracts A. indica 4 per cent was found slightly toxic.

" Extracts of I.'neriifolia with soapwater increased
the yield, next to carbaryl on par with other plant extracts
except the two per cent concentrations without soap.

Tobacco decoctionfhad\no impact on the yield.

i

Fruit damage was least under 4 per cent extract of
A. indica and was on par with carbaryl. Tobacco decoction

had no effect on fruit damage.

Augmentation of toxicity of the extracts was observed

only in the case of 2 per cent extract of T. neriifolia

against the different pests of bhindi. The augmentation
noticed in laboratory was not observed under field condi-

tions in the case: of other extracts.

A. indica_(Z-per cent) and T. neriifolia (4 per cent)

with 0.4 per cent’ soapwater were found promising for con-

trolling the pests of amaranthus and in increasing«the

yield,

Two per cent extract of T. neriifolia with soap and

4 per cent extracts of A. indica and C. infortunatum were

found suitable for being inrorporated into the pest manage-

_ment system of bhindi



et
W
O’\

Extract of the three plants viz., neem, Thevetia,

Clerodendron controlled the pests of amaranthus and bhindi,

and increased the yield, wheresas tobacco decoction con-

trolled only aphids on bhindi and could not make any

increase in yield.
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Source

Treatments

Error

Source

Treatments

Error

Source

Treatments

Error

(adj)

(adj)

(adj)

(adj)

(adj)
(adj)

df

18

37

af

18

37

af

18
37

3h

Appendix I

Abstract of analysis of covariance

Mean number of leaf webber larvae observed at different intervals (in days) after spraying

2 7 14

*x *Kk * %
0.646 1.39 1.30
0.09 0.09 0.14

Mean number of aphids observed at different intervals (in days) after spraying
2 5 10 15 2 5 10 15 2 5 10
*% * % 3 * * & * % * Kk
9.51 14.15 11.41 1.18 NS 3.25 6.70 2.39 0.67 1.22 1.56 1.29

0.13 0.27 0.58 1.48 0.15 0.1l6 0.29 0.28 0.17 0.22 0.21

Pl

Mean number of leaf hoppers observed at different intervals (in days) after spraying

2 "5 10 15 2 5 10 15 . - 2 5 10
* x * % * % * % * * * % * % * & * % * % * %
3.89 6.75 1.76  0.55 2.94 3.73°  2.95 0.75 1.09 3.79 2.97
0.26 0.24 0.26 0.20 0.29 0.20 0.16 0.09 0.09 0.13  0.12

*Significant at 5% level
**Significant at 1% level

NS - Not significant

15

* k

3.1
0.23



Appendix ITI

Abstract of analysis of completely randomised design relating to Table 5 and 6

Table §
Source
Treatments
Between different additives

Between concentrations of
leaf extracts

Interaction between plants
‘and additives

Error

Table 6
Source
Treatments
Between different additives

Between concentrations of
leaf extracts

Interaction between plants
and additives

Error
Table 7.
Source af
Treatments (adj) 14
Error (adj) 27
Table 8.
source ag
Treatments (adj) 14
Error (adj) 27

df

134

14

112

270

df

134

14

112

270

Abstract o

Mean ind

Mean num

Percentage of normal adults obtained (s. litura)
* &
687.45

* %k
2387.84

* %
4562.81

* ke
81.59

48.80

Percentage of aphids mortality (A. gossypii)
ok
2374.50

* %
2453.76
* ok
19896.96

*k
178.53

91.46

*Significant at 5% level

**Significant at 1% level

f analysis of covariance

ex of leaf damage observed at different intervals
(in days) after spraying

2 7 14
* Kk * % *
0.677 1.06 1.29
0.219 0.264 0.274

ber of leaf webber larvae observed at different
intervals (in days) after spraying

7 14 2 7

L kk * % *
1.86 0.67 0.58 1.98
0.24 0.09 0.17

*Significant at 5% level

**Significant at 1% level



Appendix III

Abstract of analysis of covariance

Table 9.
Source at Mean number of aphids observed at different intervals (in days) after spraying
2 5 10 15 2 5 10 15 /
ok *ok * )
Treatments (adj) 14 130.42°  187.29" 195,78"  46.22 ns  64.31*  172.28% s9.78" 15.48"
Error (adj) 27 9.82 17.04 14.13 18.14 17.02 18.10 12.46 4,12
Table 10. .
Source daf Mean index of leaf damage observed at different intervals (in days) after spraying
2 5 ) 10 15
. * *
Treatments (adj) 14 0.435 0.445 0.343 NS 0.605 NS
Error (adj) 27 0.20 0.19 0.29 0.33
Table 11.
Source af Mean number of leaf hoppers observed at different intervals (in days) after spraying
2 5 10 15 20 2 S 10 15
* J sk * % * % * %k * % * k **A * %
Treatments (adj) 14 .29.88 49.00 41,67 13.19 12.32 14.77 35.36 22.96 10.65
Error (adj) 27 2.49 2.74 1.48 1.86 1.72 0.794 1.40 0.784 1.32
Table 12. Abstract of analysis of Randecmised Block Design with DMRT
Source df Mean percentage of shoot. and fruit borer incidence observed at different periods
' (in days) after spraying
2 5 10 15 20 25 2 ) 10 15
o * * * * %
Treatments - 14 168.52NS 406.08 686.89* 112.65NS 164.88NS 72.35NS 171.29NS 330.60 519.55 140.04NsS
Error 28 187.22 153.69 135.57 143.42 166.79 92.60 151.85 128.25 180.57 74.49
Abstract of analysis of covariance
Table 13.
Source df Mean number of leaf roller larvae observed at different intervals (in days) after spraying
2 S 10 15 2 5
4 Y % % * % * % * * k
Treatments (adj) 14 0.528 1.08 1.77 0.56 0.24 0.74 i
Error (adj) 27 0.09 0.15 . 0.16 0.1l1 . 0.09 0.09

*Significant at 5% level
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ABSTRACT

water extracts of eight locally available plants
of known insect control potential were screened at 2 and
4 per cent concentrations against pests of amaranthus and

bhindi in a pot culture experiment in comparison with

carbaryl and tobacco decoction.

Ay

I. neriifolia followed by A. indica, C. infortunatum

and E. odoratum were highly effective against P, basalis

on amaranthus and A. gossypii on bhindi. C. infortunatum

and T. neriifolia followed by A. indica, N. oleander and

It

. odoratum were effective against sA. biquttula biguttula.

=

neriifolia and A. indica followed C. infortunatum and

=

. odoratum reduced damage caused by E. vitella. Carbaryl
0.2 per cent was superior to plant extracts-and tobacco

decoction was effective only against aphids.

A laboratory study was undertaken for augmehting
the toxicity of five agqueous plant extracts by adding with
teepol, soap and coconut oil at varying concentrations

and combinations. , .

Toxicity of eight and four per cent extracts of

C. infortunatum and eight per cent extract of T. neriifolia

with teepol, coconut oil and soap reduced the adult emer-

- gence of S. litura. A. indica and T, neriifolia were more




effective against A. gossypii when the extracts were mixed

with soapwater, Teepol and coconut o0il also had the same

effect with eight per cent T. neriifolia,

Field experiment was conducted with the extracts

of A. indica, T. neriifolia and C. infortunatum at two and

four per cent concentrations without and with soap against

pests of amaranthus and bhindi using carbaryl and tobacco

decoction as standards.

Carbaryl was superior to plant extracts in controlling
the population of pests. Four per cent extracts of A. indica,

two and four per cent extracts of T. neriifolia and

€. infortunatum protected amaranthus against A. crenulata
and P. basalis. Toxicity of the extracts A. indica and

T. neriifolia was augmented with socap at lower concentra-—

tion.

All the plant extracts increased the crop yield
but lesser than carbaryl. Tobacco decoction failed to

control the pests incidence and to increase the yield,

Two and four per cent extracts of T. neriifolia

caused heavy mortality of A. gyossypii. Four per cent
extfactC&of A. indica was more effective than carbaryl

followed by C. infortunatum, and T. neriifolia against

A. crenulata on bhindi. C. infortunatum with soap was




efficient against ®. biguttula biguttula. Four per cent

extracts of I; neriifolia. and A. indica were highly effec-

tive against E. vitella,. I. neriifolia four per cent was

—

effective against s. derogata. Plant extracts were not

toxic as carbaryl to C. sexmaculata. All the plant extracts

other than at 2 per cent concentration increased the yield

and T. neriifolia recorded maximum, but lesser than

carbaryl. Tobacco decoction had no impéct on yield, Toxi-

city of 2 per cent extract of T. neriifolia was augmented

with soap against pests of bhindi.
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