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1. INTRODUCTION

Black pepper (Piper nigrum L.) is one of the important spice
commodities of commerce and trade since antiquity. The pepper plant is a
perennial climbing ‘vine belonging to the family Piperaceae and its
probable centre of origin is in the natural evergreen forest ecosystem of
the Western Ghats. The processed pepper berries and value added
products find use as spice, condiment and in medicine, as a carminative

and stimulant.

Kerala accounts for 97.40 per cent of the total area of 2.38 lakh
hectares under the crop in the country. Out of the total production of
around 75000 tonnes of the produce, Kerala’s share is about 63.00 per
cent. Processed berries and pepper products like pepper oil and oleoresin
contributed 10 46.50 per cent of the total export of spices in the year 2001

from India. This was valued at Rs. 1861.03 crores.

At one stage, India was the only producer and exporter of black pepper
in the world. Over the years, other countries took up the cultivation on a
commercial scale. Out of the total world production of pepper which rangcs
from 1.70 to 1.90 lakh tonnes, India’s share at present ts hardly 30 per cent

with 50 per cent of the world area under pepper.

The per hectare productivity in India is dismally low at 315 kgha™
compared to 4079 kg ha' in Thailand (Sivaraman er al.. 2002). At
present, India is facing stiff competition from couniries like Vietnam,

Indonesia, Thailand and Brazil in the giobal pepper trade.

Onc of the major factors attnibuted to low yield of black pepper in
India 1s the ravages caused by pests and diseases. Thirty four species of

insects have been recorded on pepper in India, among which pollu bectle



(Longitarsus nigripennis Mots.), top shoot borer (Cvdia hemidoxa Megr.),
scale insects (Lepidosaphes piperis Gr. and Aspidiotus destructor Sign.)
and leaf gall thrips (Liothrips karnyi. Bagn.) are important (Dcvasahayam,
1996}. The pollu beetle caused 30 to 40 per cent loss in vield of black
pepper(Pillai and Abraham,1974). Hitherto the management of the pests
of black pepper has relied on the use of synthetic chemical pesticides.
The Package of Practices of KAU (2002) recommends the use of
pesticides like endosulfan, dimethoate, quinalphos and cypermethrin.
However the unwarranted use of synthetic pesticides in black pepper
results in the possibility of pesticide residues in the produce
(Venugopal et al., 1979). This could become a major hindrance for
export which is facing competition from the other pepper exporting
countries. Injudictous application of pesticides also promotes pest
resistance to pesticides, pest resurgence, harm to non target organisms,
pesticide residue in the produce and contamination of the environment.
The tirade and concern on the above issues have paved the way for the
research and development of alternate pest control strategics in spices

and other crops.

One important aspéct in this regard is the development and use of
hotanical pesticides c¢volved {rom plants. These botanicals are
ecofriendly, specific to pests, biodcgradable and have potential for
commercial use. These natural pesticides have a major role to play
under the gamut of Integrated Pest Management. Deployment of
botanicals in IPM can become an important tool in the organic mode of
cultivation of black pepper. Pesticide free, organically grown pepper
which if carcfully harvested, processed and stored would fetch a
premium and competitive price not only in the domestic but also in the
international markets.

[nformation on the seasonal distribuvon of pests infesting black

pepper is limited. Precise information on the status of pests and their



intensity of infestation at different periods viz., flushing, spike emergence,
berry formation and maturation would be of use in scheduling ecofriendly

management measures. In this context, experiments were undertaken with

the following objecti.ves.
¢ To study the seasonal occurrence of pests infesting black pepper

¢ To develop an ecofriendly strategy to manage the pests of black

pepper.
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2. REVIEW OF LITERATURE

Black pepper, Piper nigrum (L.) 1s one of the important and earlie§1
known spice crops produced and exported from India. The black pepper 1s
prone to attack by a number of insect pest species which include the pollu
(Longitarsus nigripennis Mots.), top shoot borer (Cydia hemidoxa Meyr.)
pepper scale (Lepidosaphes piperis Gr., and Aspidiotus destructor Sign.),
marginal gall thrips (Liothrips karnyi Bagn.), mealy bugs (Ferrisia virgutu

Cock.). whitefly (Bemisia tabaci Genn,) ete. (Nair, 1999).
2.1 PESTS OF BLACK PEPPER

2.1.1 Pollu beetle

Among the pests of black pepper, the major one was pollu beetle.

L. nigripennis (Premkumar, 1980).

L. nigripennis was first described as a species under the name
Teinodactila nigripennis by Motschuisky in 1866 (Maulik. 1926). Later
Maulik described the insect under the name Leongitarsus nigripennis

Motschulsky (Coleoptera-Chrysomclidae, Halticinae).
Biology

Biology of the pest was described by Ayyar (1919). Ayvar ¢f al.
(1921), Rao and Ramaswamiah (1927), Premkumar (1980) and Babu
(1994). Eggs were laid singly or in groups of two to three mostly on
tender berrics. The incubation period of ¢ggs varied from five 1o eight
davs. Larval stages comprising of three instars were completed in 22 1w

312 days. ‘The pupal period lasted {or six 10 seven days.



The morphology of female and male internal reproductive system of
L. nigripennis, a major pest of black pepper (P. nigrum) was studied by

Devasahayam ef al., 1998.
Symptoms and Damage

The adult beetles fed on leaves, terminal buds, tender stems, spikes
and berries. Eggs were laid on terminal bud and on the surface of the
spike and within the pericarp of the berries. Grubs caused damage by

tunnelling within the growing tips, spikes and berries (Premkumar, 1980).

Nambiar and Kurian (1962) estimated a damage of upto 30 per cent
by pollu beetle in North Kerala. Pillai and Abraham (1974) reported 30 to
40 per cent loss in yield due to pollu beetle in pepper. According o Pilla
and Abraham (1983), the cultivars of pepper that were practically free of
L. nigripennis tended to produce low yield, while high yielding varictics
suffercd 40.10 1o 56.80 per cent infestation. Kalluvally Type I, a fairly

good yielder had negligible infestation.

Premkumar and Nair (1987a) revealed that berry damage by pollu
beetle was highest in the plains and it was very low at higher elevations
(300-960 m above MSL) and absent at >900 m above MSL. The damage
was also higher in shaded areas than in the open. The cv. Kalluvally was
the least susceptible and Arakkulam munda. the most susceptible to
L. nigripennis. Premkumar and Nair (1987b) reported that the pollu beetle
caused a loss upto 32 per cent in black pepper yield. The average annual
vield loss in black pepper duec to the incidence of pests, diseases and
drought in Kannur district was around 33 per cent. The major contributor
towards stand loss was foot rot caused by Phytophthora capsici (1eonian)
(ninc per cent loss), tollowed by drought {(four per cent lossy. Among the
causal factors contributing to yield loss, the most disastrous was the
incidence ol pollu beetle (L. migripenniy) which accounted lor about 13

per cent loss (Prabhakaran. 1997).



Seasonal Incidence

Premkumar and Nair (1985) studied the seasonal incidence of poliu
beetle. Adults were present throughout the year. Extensive fecding and
mating by adults were observed during the premonsoon showers in April
tc May. After September, there was a general decline in the pest

population which cotncided with crop maturation and harvest.

2.1.2 Leaf Gall Thrips

G. karnpi was first collected from the marginal galls of pepper in
Ceylon (Bagnall, 1914). Ananthakrishnan (1952} gave further description

of G. karnvi.
Biology
T'le damage, biology and bionomics of the pepper leaf gall thrips

G. karnyi (Thripidae) has becn studied by Visalakshi (1963). Eggs were
laid singly within the marginal gall on the leaf surface. They hatched in
six to eight days and duration of nymphal, prepupal and pupal stages were

9 to 13, one to two and three days respectively.
Symptoms and Damage

Infestation by thrips resulted in the formation of marginal galls
(Visalakshi, 1963). The morphology of galls induced by thrips on a wide
variety of trees and plants in India including L. karnyi on black pepper
was studied by Raman and Ananthakrishnan (1984). Apart from the
formation ot marginal galls. the feeding activity of the thrips resulted in
reduction 1n size, crinkling and thickening of the infested leaves

(Premkumar and Devasahayam, 1988).

Banerjee e/ af. (1981) reported that L. karmyi was the only pest

infesting peppet in South Wayanad. The cultivar, Kalluvallv was the Jeast



susceptible to aftack by the pest, while the most susceptible was
Panniyurl.Leaves on the middle portion of the vines were preferred as
food. The infestaiion due to leaf gall thrips ranged from 25 to 75 per cent
in Idukki district (KAU, 2001).

During rainy season, the population of thrips was greatly reduced
which might be correlated with high humidity in the atmosphere and also

the stagnation of water inside the marginal folds (Visalakshi, 1963).
2.1.3 Top shoot borer

Top shoot borer was first described by Meyrick (1931) and
subsequently by Fletcher (1917, 1921) who noted its incidence in
Taliparamba, Kannur., Vandcevecht (1933) observed C  hemidoxa

infestation on black pepper in Banka, Buitenzorg Java and in Borneo.

Biology

Visalakshi (1963) studied the biology and bionomics of the pepper
top shoot borer, C. hemidoxa. The adults were small moths with crimson
and yellow forewings and grey hindwings. The eggs were laid on tender
shoots. The caterpillars were greyish green and measure about 15 mm in
length when fully grown. The pest completed its life cyvele 1n about 30

davs.

v

Symptoms and Damage

Eggs were laid on the tender shoots. On hatching, the larvac bored
imto them and fed on the internal tissues which resulted in drying up of the

infested shoot (Visalakshi, 1963).

Top shoot borer was a serious pest in yvounger plantations and It
caused 50 per cent damage in certain areas (Premkumar and Devasahavam,

1988).



Seasonal Incidence

During the months of August to December, top shoot borer appcarcd
to thrive in the field. There was a sudden decrease in the population of

the pest in the field from January onwards (Visalakshi, 1963).
2.1.3 Scales, Mealy Bugs and White Flies

Fletcher (1917) recorded Mytilaspis piperis (Gr.) as a minor pest of
pepper in Wayanad.

Rao (1929) reported that mealy bug, F. virgatu caused local injury

1o pepper.

Fletcher (1917) reported Aleurocanthus piperis Mask. as a pest of
black pepper. The whitefly, Bemisia tabaci G. was reported in black
pepper by Ranjith er «/. (1992). Prakash and Sudharshan (2001) reported

another whitefly, Alewrocanthus valparaiensis David and Subr, from black

pepper.
Symptoms and Damage

Scale insects sucked the plant sap, which resulted in yellowing. and
withering of the infested shoots and in severe cases the vines dried up

(Premkumar and Devasahayam, 1988},
Mealy bugs desapped the vines and berries (Nair, 1999},

T i1stribution and damage ' scale 1nsects and mealy bugs
[he distribution and d ge caused by le insects and ly bug

associated with black pepper was studied by Koya et a/. (1996).

The white flics drained the sap from very young leaves and caused
light vellowish discolouration in them. Under severe atiack. these spots

grew larger and later turned brown (Ranjith ef af.. 1992).



1l

Seasonal Incidence

Seasonal population of L. piperis and A. destrucior was recorded by
Koya and Devasahayam (1995). The population of A. destructor was low
during April and steadily increased upto September. The population of
L. piperis was low during July and August. From January onwards therc

was an increase in the population.

2.2 EVALUATION OF DIFFERENT INSECTICIDES FOR THE
MANAGEMENT OF PESTS OF BLACK PEPPER

A. Chemical Control of Pests of Black Pepper

2.2.1 Pollu Beetle

Rehiman and Nambiar (1967) found that DDT was the best
insecticide for controlling the beetle infestation, which brought down the
incidence to 1.30 per cent as against eight per cent in untreated control.
According to Pillai and Abraham (1974), dimethoate 0.10 per cent or
quinalphos 0.10 per cent when sprayed during July and October
significantly reduced the beetle population. Balakrishnan er af. (1984}
opined that endosulfan, parathion-methyl and quinalphos were equally
effective against pollu beetle in black pepper and reduced the damage.
Endosulfan 0.05 per cent and quinalphos 0.05 per cent were most effective
in controiling the pest when applied twice a year during July and October
(Premkumar ¢t al., 1986). Premkumar and Nair (1987b) reported that
endosulfan when applied at 0.05 per cent effectively controtied poliu

beetle in black pepper.

IPillar (1987) reported that the chrysomelid, /. nigripennis 1n black
pepper could be controlled by soit application of insecuicides, cultural
methods and spraying of endosulfan and quinalphos.  According to

Premkumar and Nair (1988). methamidophos 0.05 per cent and endosulfan



0.05 per cent was effective in controlling L. nigripennis in black pepper.
Nandakumar et al. (1991) revealed that insecticide treatments werc
superior to control-in containing the damage. Monocrotophos (0.05 per
cent), endosulfan (0.05 per cent) and cypermethrin (0.05 per cent) sprays

were most effective in controlling the pollu beetle.

Mathew er al., 1991 revealed that a minimum of three weeks time
should be observed between the last round of spraying and harvesting,
when quinalphos was used whereas in the case of dimethoate, a minimum

of one week time was enough for the residue to reach safety limits.

Pollu flea bectle L. nigripennis was effectively controlled using the
insecticides viz., endosulfan 0.05 per cent, dimethoate 0.05 per cent,
quinalphos 0.05 per cent or monocrotophos 0.05 per cent concentration.
The spraying was done at the time of spike emergence (June to July),
berry formation (September to October) and at berry maturity stage if
needed. It can also be controlled by spraying cypermethrin 0.01 per cent
twice first at the berry formation stage and the second, one month after the

first spray (KAU, 2002).
2.2.2 Leaf Gall Thrips

Monocrotophos 0.05 per cent and Malathion 0.05 per cent gave
maximum residual toxicity against L. karnyi infesting black pepper

(Devasahayam, 1989).

Devasahayam (1990) reported monccrotophos 0.03 per cent and
dimethoate 0.05 per cent were the most effective insecticides against leal
gall thrips when applied on new {lushes. Monocrotophos (.05 per cent
and dimethoate 0.05 per cent recorded 4.10 and 3.20 per cent intfested

leaves. respectively after 15 days.



2.2.3 Top Shoot Borer

According to Banerjee ef al. (1981), endosulfan 0.05 per cent was
the most effective in controlling top shoot borer infestation. Since the
incidence of the pest coincided with that of pollu beetle, the spray given

for the latter would be sufficient to control the pest.
2.2.4 Scales and Mealy Bugs

Premkumar and Devasahavam (1988} opined that scale insects could
be controlled by spraying dimethoate 0.05 per cent. A second spray might
be given after 15 days if infestation persisted. The scale insccis can be
controlled by application of contact or systemic insecticides like
malathion 0.01 per cent, dimethoate 0.01 per cent or monocrotophos (.01
per cent applied twice at monthly intervals (Devasahayam and Koya,
1994b).  Soft scales can be controlled by spraying quinalphos 0.05 per

cent. This treatment was adequate to control the mealy bugs (KALIL 2002).
Control of Pests in Black Pepper using Botanicals

Devasahayam and Leela (1998) revealed that leaf extracts of
Azadirachia indica (Aduss)., Chromolaena odorata L., Strychnos nux-
vomica L., ncem seed kernel extract and neem oil at one to five per cent

concentration exhibited antifeedant activity against adults of L. nigripeniis.

The crudc extract of a known resistant species of pepper. FPiper
aticnuatum Ham. was tested for its antifeedant activity against pollu
beetie under laboratory conditions. It was found that crude extracts at six
to eight per cent concentration completely inhibited feeding of the pollu

beetle (Devasahayam er al.. 1992)

Plant and organic products such as neem oil. commercial neem
products and fish oil rasin were effective in controlling both the species of

scale mseets (Devasahayvam and Koya, 1994).
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Babu er al. (1996a) noted high feeding deterrence against
L.nigripennis when treated with hexane extract of leaf and chloroform
extract of sced of Annona squamosa L. There was feeding inhibition in
adults of L. nigripennis using isodesacetyluvéricin, insect antifeedant from
a hexane extract of root bark of both Uvaria narum (Dunal) and

U. hookeri (Babu ef al., 1996b)

Neem oil controlled L. karnyi in black pepper (Krishnakumar ef al..

1999).

Spraying of endosulfan 0.05 per cent during July (21 to 30 days after
setting of berries) followed by three sprays of Neemgold (0.60 per cent)
during August, September and October or four sprays of Neemgold (0.60
per cent) during July, August, September and October were effective

against poliu beetie (Sarma, 2002},
B. Botanicals in Coleopteran Insect Pest Control
Neem Qil

Neem oil offered 60 to 80 per cent protection against flea beetle
Phyllotreta downsei B. population on young radish plants (Kareem. 1981).
Mishra ef «l. (1990) reported that egg plant leaves treated with 0.025. 0.05
per cent neem oi} when given 1o e¢pilachna beetle in the laboratory. the
pre-oviposition period was 21 per cent larger than inscct feeding on
untreated lcaves. The females had shorter oviposition period, laid few
eggs and eggs were smaller in size. According to Kacthner (1992), potato
leaves treated with neem oil caused morphogenetic defects in Leprinotarsa
decemlineata (Sav). According to Rajan and Nambisan (1993). neem oil
at two per cent at par with ¢.07 per cent endosulfan against flea beetie

Phyliowreta crucifera (Goeze) on erucifers and beans.



Karanja QOil

Mukeshkumar and Singh (2002) recorded karanja oil to be effective
“against insect pests of stored grains, field, plantation crops and household
commodities. They acted as oviposition deterrent, antifeedent and

larvicide against a wide range of pests.

Clerodendron sp.

Several compounds which were reported to be isolated from
Clerodendron spp. like cycoside, Clerodendrin A, B and clerodin
(Antonion and Saite, 1981) and Clerodin (Beek and Groot, 1986) showed

antifeedant activity.

Lily and Saradamma (1994} and Lily (1995) demonstrated that
acetone and water extracts of Clerodendron infortunatum (Linn.) leaf was

comparable to carbaryl in controlling epilachna beetle in bittergourd.

Chandrikamohan and Nair (2000) reported insecticidal and inscct
growth regulatory activity of . infortunatum on grubs of rhinoceros

beetle, Orvctes rhinoceros L.
C. Control of Pests of other Spices Using Botanicals

Ahmed (1988) recorded that about 88 per cent of cardamom growers
in Kerala relied on neem cake for ncmatode control @ 100 to 250 kg ha™.
Neem cake application reduced multiplication of nematode in ginger
(Mohanty er af., 1992). Sheela et al. (1995) reported that application of
neem cake at two to five tonnes per hectare at planting was effective in
reducing the nematode population in soil, root and root-knot index and

increasing the yield of fresh ginger.

[n lab choice test, Bioneem and Margolin EC at 030 and 1.00 per

cent coneentration prevented 100 per cent settlement of cardamom aphid



Pentalonia nigronervosa f. Calladi Van Der Groot on the treated
cardamom tillers three days after treatment. Nimbicidin and Margolin EC
served as efficient oviposition deterrents at 1.00 per cent concentaation,
wherein there was 100 per cent prevention of reproduction (Mathew ef af.,

1998).

Neem oil 0.50 per cent application at 10 to 15 days interval was
effective against Dialeurodes cardamomi David and Subr. (Gopakumar
and Kumaresan, 1991). Nymphs of cardamom white fly, D. cardamomi
were effectively controlled by spraying the lower surface of leaves with a
mixture of neem oil (500 ml) and triton (500 ml) in 100 litres of water

(KAU, 2002).
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3. MATERIALS AND METHODS

Seasonal occurrence of pests was studied in black pepper in the
Instructional Farm, College of Agriculture, Vellayani from May 2002 to
April 2003. A field experiment was also conducted during 2002 to evolve

an eco-friendly management strategy against the major pests of black

pepper.

3.1 SEASONAL OCCURRENCE OF PESTS IN BLACK PEPPER

The population of important pests of black pepper and their damage
was assessed for an year from May 2002 to April 2003 in the Instructional
Farm, College of Agriculture, Vellayani. The observations were recorded
at fortnightly intervals. The number of vines exhibiting pest infestation /
symptoms, population count of pests, nature of damage by pests on plant

parts and damage score were recorded during the period of study.

The weather parameters viz.. maximum and minimum temperature,
relative humidity, rainfall and number of rainy days were recorded from
the meteorological observatory of the Department of Meteorology.

College of Agriculture, Vellayani.

Observations of pests and their damage were taken from twenty five
yielding vines grown in different blocks of the Instructional Farm. For
recording the infestation of top shoot borer, twenty five young vines were

tdentified and observed in the differcnt blocks of the Instructional IFarm.

The methodology adopted jor recording observation of population ot

pests and the damage done by pests on black pepper were as follows |
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Methodology adopted for recording observation

\» S1. No.  Pests Method of observation

1) Poilu beetlie  (a}) Number of pollu beetle adults per vine

(b) Number of leaves damaged out of 25 leaves

in each vine

(c) Number of spikes showing damage out of

twenty spikes in each vine

{d) Number of berries showing damage from 20

spikes

(e) Damage score in leaves on a scale from 0-4

Score Details of score

Y —  Leaves with no infestation (0 per cent}

1 ~1-10 per cent leaf area damaged

2 —  11-30 per cent of the leat arca damaged

3 - 31-60 per cent of leat area damaged
-P-_

4 - Leaves with » 61 per cent damaged
I ] — N

Infestation index was worked out bascd on the formula:
Sum of all scores 00
\‘ —— e+ e =

Taotal of all scores Maximum score
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2) Top shoot borer Number of vines damaged by top shoot borer

out of 25 vines

3) Thrips : Number of leaves damaged by thrips out of 25

leaves per vine.

4) Mealy bugs : Number of spikes infested by mealy bugs out

of 25 spikes per vine

5) Scale insects : (a) Number of spikes damaged by scale insects

out of 25 spikes per vine
(b) Number of vines infested by scale insccts
out of 25 vines.

(¢) Damage score on vines on a scale from 0 - 4

Population of scale
S (Total number of scale
core
msects in 100 ¢m
shoot length)
0 Healthy ]
1 1 - 500
2 | 301 - 1000 |
3 i 1001 — 2000 !:
1 4 \ >2000

6) Gall 11y : Number of leaf damaged by gall t1y out of 23 leaves per vine
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3.1.1 Correlation between Weather Parameters and Incidence of Pests

and their Damage in Black Pepper

The data were tabulated, the pest population, their percentage of
infestation were correlated with weather parameters to evaluate the degree
of association of abiotic factors on damage and population butld up of

pests of black pepper.

3.1.2 Correlation between Incidence of Pests and their Damage in

Black Pepper and Weather Parameters of Previous Fortnight

The data were tabulated and the pest population and their pcrcentage
infestation were corrclated with weather parameters of previous fortnight
to evaluate the degree of association of abiotic [actors on damage and

population build up of pests of black pepper.

3.2 FIELLD EVALUATION OF DIFFERENT BOTANICALS AND THEIR
COMBINATIONS FOR THE MANAGEMENT OF PESTS OF
BLACK PEPPER

The trial was conducted in the pepper gardens of the instructional
Farm. College of Agriculture, Vellayani. Uniformly aged pepper vines
variety ‘Karimunda® trailed on Eryrhrina indica (Lank) wgre selected for
the study. The recommended Package of Practices of KAU (2002) were
followed except insecticide application which were given based on the

treatments selected for the study.
Experimental Design

Black pepper variety-Karimunda
Design - RBL
Treatments - Ten

. Replications - Four
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Each replication consisted of two uniformly spaced vines.
Details of treatments
Ty — Neem seed oil soap emulsion 3.00 per cent + 2.00 per cent garlic
T> ~ Neem seed oil soap emulsion 2.00 per cent + 2.00 per cent garlic
T; - Azadirachtin 0.004 per cent
T4 — Azadirachtin 0.003 per cent
Ts — Clerodendron leaf and flower extract 8.00 per cent
Te¢ — Karanja oil emulsion 2.00 per cent

T; — Neem seed oil secap emulsion 2.00 per cent + 2.00 per cent garlic +

1.00 per cent karanja oil

Tg — Azadirachtin 0.003 per cent + karanja o1l emulsion 1.00 per cent
Ty — Quinalphos 0.05 per cent

Tio -~ Control

Three sprays were given one each during spike emergence. berry

formation and berry maturation stage.
l.abelling
Labelling of Vines

Uniformly aged vines were selected and the standards were marked
with a ring of red paint‘ The selected vines were labeled with sunpack

sheet indicating the treatment details.
Labelling of Leaves

Belore each spray, the newly emerged umnfested leaves which were

sclected for observation of pests and infestation were marked with nail pohsh.
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Labelling of Spikes

Before each spray, uninfested spikes which were selected for

observation of pests and infestation, were marked with natl polish.
Method of preparation of sprays of treatments
Neem Qil Soap Emulsion 3 per cent + Garlic 2 per cent

Neem oil soap emulsion was prepared by taking 300 m! neem oil and
75g of ordinary washing soap. The bar soap was sliced and dissolved in
500 ml lukewarm water. The prepared 500 ml soap solutlon was poured
into 300 ml neem oil slowly and stirred vigorously to get a good emulsion.
200 g of garlic was ground and the extracted in 200 ml water. The garlic
extract was mixed in neem oil soap emulsion. Thus one litre stock
solution obtained. This stock solution was diluted by adding 9 litres of

water to get 10 litres of the final spray solution.
Neem oil Soap Emulsion 2 per cent + Garlic 2 per cent

Neem o1l soap emulision 2 per cent was prepared by taking 200 ml
neem oil and 50 g of ordinary bar soap. The emulsion was preparcd as
explained in neem oil soap emulsion 3 percent + garlic 2 per cent

preparation.
Azadirachtin 0.004 per cent

A commercial botanical pesticide NeemAzal containing Azadirachtin
onc percent supplied by M/S EID Parry (I) Ltd, Chennai was uscd for the
experiment. Azadirachtin 0.004 per cent was obtained by dissolving 40 ml

of NeemAzal in 10 litres of water.
Azadirachtin 0.003 per cent

Thirty ml of NeemAzal was dissolved in 10 litres of water lo obtain

the required spray solution.
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Clerodendron Leaf and Flower Extract 8 per cent

Clerodendron infortunatum plants were collected from Instructional
Farm, Collége*of Agriculture, Vellayani. The leaves and freshly opened

flower were separated and used for extraction.

800 g of fresh plant parts and flower was chopped and finely ground
in a grinder using 500 ml water. They were then extracted with 400 ml
water. The extract was then filtered twice using a fine mesh cloth and
transferred to a measuring cylinder and the volume was made up to 1000

mi. Thus an 80 per cent stock solution was prepared.

The extract was further diluted with nine litres of water to obtain the

eight per cent concentration spray solution required for the experiment.
Karanja 0il 2 per cent Emulsion

Karanja oil (Pungam oil) was obtained from M/S Sundaresan Nuir,

Drugs Merchant, Chalai, Thiruvananthapuram.

Fifty grams of ordinary washing soap was dissolved in 800 ml of
luke warm water. This soap solution was mixed with 200 ml Pungam oil
(Karanja o1l) to obtain one litre of stock solution. To this, nine litres of

water was added to get 10 litres of two per cent karanja oil emulsion.

Neem Seed Oil Soap Emulsion 2 per cent + Garlic 2 per cent +

Karanja oil emulsion 1 per cent

Neem sced oil soap emulsion 2 per cent + garlic 2 per cent was

prepared as explained earlier.

To this 1040 ml of karanja oil was added (o obtain the required spray

solution.
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Azadirachtin 0.003 per cent + Karanja oil 1 per cent

Azadirachtin 0.003 per cent was prepared from a commerciai
botanical pesticide. NeemAzal by mixing 30 ml in 9.50 litres of water.
Karanj oil one per cent emulston was prepared by dissolving fifty gram
ordinary washing soap in 400 ml lukewarm water. The socap solution
mixed with 100 ml of karanj oil to get the emulsion. This was mixed with

9.50 litres of azadirachtin to obtain 10 litres of spray solution.
Quinalphos 0.05 per cent

This was applied as Ekalux 25 EC supplied by M/S Sandoz India
Ltd. Two ml of the insecticide was dissolved in one litre of water to get

0.05 per cent spray selution.
Control
Water was used as a spray selution in all the centrol treatments.
For every spray solution, 0.10 per cent of plantovit was added as sticker.
Observations
3.2.1 Assessment of Pollu Beetle Population

C'ount of pollu beetle was taken at 24 hours, 72 hours and at weekly

intervals after each spray in each of the treated vines.
3.2.2 Assessment of Infestation on Leaves by Pollu Bectle

Freshly emecrged, fifteen uninfested leaves were marked with nail
pelish a day before spraving The number of leaves damaged by polin
beetie after spraying was takea at 24 hours, 72 hours and at weekly

intervals. The percentage of leaves damaged by pollu beetle was worked out.
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3.2.3 Assessment of Intensity of Damage on Leaves by Pollu Beetle

The leaf area damaged was assessed by tracing the affected portion on
graph paper and the area infested was found out. This was taken from fifteen
uninfested leaves per vine selected and marked before spraying. The
observations were taken at 24 hours, 72 hours and at weekly intervals after
each spray. The per cent feeding deterrence due to various treatments was
worked out following the methodology adopted by Devasahayam ef ¢f. (1993),

C-T

PFD = x 160

C+T

Where C = Area fed in control
T = Area fed in treatment
3.2.4 Assessment of Infestation on Spikes by Pollu Beetle

Twenty five uninfested healthy spikes were marked for taking
observation before spraying of treatments. Number of spikes damaged by
pollu beetle was taken at 24 hours. 72 hours and at weekly intervals after

each spray and the percentage of infestation was worked out.
3.2.5 Assessment of Berry Damage by Pollu Beetle

The berry damage was assessed from the second spray onwards /¢,
from berry formation stage. The number of berries damaged by the beetie
were recorded n twenty five uninfested marked spikes at intervals of 24
hours. 72 hours and at weckly mtervals after each spray. Percentage of

berries damaged by the beetle was worked out,
3.2.6 Assessment of Infestation on Leaves by Leaf Gall Thrips

Fifteen uninfested fresh leaves were marked before cach spray and the
number of leaves infested by Jeat gall thrips was recorded at 24 hours. 72

hours and at weekly intervals after cach spray.
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3.2.7 Assessment of Spikes Damaged by Scalc Insects

Twenty five uninfested spikes were marked before spraying of
treatments. Number of spikes damaged by scales were taken at 24 hours,
72 hours and at weekly intervals after each spray and percentage of

damage was worked out.
3.2.8 Assessment of Spikes Damaged by Mealy Bugs

Twenty five uninfested spikes were marked beforc spraying of
treatments. Number of spikes damaged by mealy bugs were taken at 24
hours, 72 hours and at weekly intervals after each spray and percentage of

damage was worked oult.
3.2.4. Yield

The mature berries were harvested at fortnightly intervais.  tour

pickings were obtained from the vines in the experimental plot.

The harvested berries were sun dried for four days and the dry
weight was taken. The yicld per hectare was worked out from the mean
vield of pepper berries por treated vines., The benefit @ cost ratio of the
treatments was also calculated after a value addition of 50 per cent (in
rupces terms) for pepper receiving botanical treatment comparced to

chemical pesticide treatment.
3.2.5 Statistical Analysis

Seasonal occurrence of pests was correlated  with  weather
parameters. Data obtained from the field experiment were tabulated,

suttably transformed and subjccted to statisticat analysis,



RESULTS
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4. RESULTS

4.1 SEASONAL OCCURRENCE OF PESTS AND THEIR DAMAGE IN
BLACK PEPPER

The results of the studies conducted from May 2002 to April 2003 on
the incidence of pests of black pepper in relation to weather parameters

are presented in Table 1.
4.1.1 Pollu Beetle (Longitarsus nigripennis Mots)

Pollu beetle adults (Plate 1) were preseat in the ficld throughout the
year. The mean population was highest during the first forinight of
November 2002 (6.20 adults per vine). This was followed by sccond
fortnight of June 2002 and second fortnight of November 2002 (6.00 and
5.90 respectively). The lowest mean population was seen during first and
second fortnight of March 2003 (1.40 adults per vine) which was followed
by second fortnight of February 2003 (1.60).

4. 1. 1.1 Leaf Damage by Pollu Beetle

The leaf damage by pollu beetle (Plate 2A) ranged from [1.00 per
cent during first fortnight of May 2002 to 45.90 per cent during second
fortnight of November 2002. The second highest percentage of leal
damage (45.10) was rccorded during second fortnight of June 2002
followed by second fortnight of July (41.10) and first fortnight of July
2002 (41.00). The second lowest percentage leaf damage wuas observed
during second and f{irst fortnight ot September 2002 with a mean leal

damage ol 14.60 and 14.70 respectively.



A. Pollu beetle adult

B. Pollu beetle grub

Plate 1 Adult and grub of pollu beetle, Longitarsus nigripennis on pepper
berries



_Table 1 Seasonal vecurrence o of pests and their damage in black pepper from May 2002

to Agml 2003
Lot SDM I SDS e

PBC | LDP 1SB_ | SDP BDP ISL GFL | VDS i
JIL_i fay 12002 260 ] 11.00 0.60 5.30 0.00 12.32 0.00 ! 0.00 6.00 4.00 1.30 116.00
';__J\; il 2902 'r 4.90 | 20.4¢ 0.0 9.60 0.00 13.00 0.60 0.09 20.50 4.00 ) 130 | [6.00
UJune 1 2002 77520 | 3850 0.00 15.90 0.00 (360 D.00 | 0.00 28.50 3.00 | 1.30 {16.00
! June 11 2002 ' 6.00 45.19 G.00 17.80 (.64 14.10 0.00 4.00 | 39.60 4.00 1.40 116.00
| July € 2002 ___\‘__5 20 4 41.00 16.00 E i8.70 | 0.00 13.80 G.00 0.00 40.20 4.09 1.60 ) 16.00
[ July 11 2002 _ 410 4100 | L 16.60 15.10 0.00 1140 | 0.00 0.00 40.20 4.00 (.80 | 16.00
August { 2002 ___ﬁ_ﬂ} 4.30 32.00 J, 2000 | 19.40 0.00 | 1010 | 006 | 0.00 | 39.60 6.00 2.10 | 16.00
cAugust 112002 i 480 | 29.10 24,00 | 14.80 0.00 | 3.50 0.0 0.00 27.00 6.00 2.00 {16.00 I
n'j__e_p_lembﬂ.r 12002 _' 320 1 1470 T 1600 | 15.40 1.90 8.00 0.00 0.00 19.90 7.00 2.10 ) 16.00
! September 11 2002 1350 ;1460 24.00 16.30 .80 10.20 0.00 0.00 16.60 7.00 2.10 | 16.00 |
| | October 2002 _L 3.60 21.30 16.00 24.60 4.70 ii.80 0.80 4.60 16.60 7.00 2.50 | 16.00 |
MOctober 112007 __r 4.60 [ 22.20 16.00 32N 6.20 10.40 0.80 3.00 15.00 7.00 2.90 116.00
November 1 2002 6.20 37.80 | 20.00 33.50 6.30 10.40 .00 5.10 28.00 7.00 2.90 | 16.00
November 1] 700ﬁ 5,90 | 4590 28.0G0 35.20 6.60 15.00 | 140 | 5.60 40.20 7.00 2.00 | 16.00
December { 2002 7 470 | 40,20 28.00 3520 6.90 | 1580 [.30 5.60 4130 12.60 3.00 |20.00
H)ecembu 1 ”00’3 138 4 3920 | 16.00 36.20 7.00 # 17.10 1 240 6.60 36.80 12.00 2.90 1 20.00
CJanuary 12005 | 300 J J() 40 12.00 36.90 7.40 i' 17.10 2.10 7.70 28.00 14.00 2.90 ] 20.00
anuary il 2663 200 1 32080 | 0.00 ] 3690 | 770 1 1790 1 1,90 F 8.00 | 27.00 14.00 | 3.00_ {20.00
@M@T@i]ﬂgg “9 2910 ] 000 i 37.90 8.00 ] 19.76 | 260 | 820 26,60 15.00 [ 3.00 {2400
! February 11 2003 1.60 2850 | 000 1 37.90 8.00 1970 3.20 8.50 24.50 19.00 j 2.10 12400
March 12603 | 1.40 2560 0.00 | 0.00 0.00 20.30 000 ] 0.00 | 24.50 19.00 | 2.10 | 24.00
[ March 12003~ " 140 | 2300 0.00 000 [ 0.00 | 2260 0.00 0,00 12.30 20.00 2.00 _{24.00 |
Apri 12003 _ﬁ_gﬂeﬂ_ EL_ 19.40 | 0.00 { 0.00 i 0.00 ] 23.20 | 680 | 0.00 12.00 20.00 i 2.00_ | 74.00 |
LApril 112005 1 240 ¢ 1650 L 000 | 080 ) 000 | 2356 | 000 | 000 4.00 24.00 | 1.90 {2800 |
I - Fira forumy hi 1 Sceond 1m1mt i
PBC - Pollu Beetle Coum SDM - Percentape of spikes damaged by mealy bugs
LOP - Percemage of leaves damaged by pollu beetle $DS - Percenlage of spikes damaged by scale insecis
TSB - Pereentage of vines damaged by top stioat borer  1LP - {ntensity of leaves damaged by poliu beetle
SPP - Perceatage of spikes damaged by pollu bectle tSL - Imensity of vines damaged by scale insects
BDP - Percentave of berries damagcd by polfu beetle GFL - Percentage of Jeaves damaged by leaf gall fly
EOY - Perceninane of Jeaves damaeed by Tead gaVl thrips VIS - Percentage of vines damaged by scale insects

oY



A. Lear damage B. Tender spike damage

C. Mature spike damage D. Berry damage

Plate 2 Different types of damages caused by pollu beetle
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4.1.1.2 Infestation Index of Leaves by Pollu Beetle

The maximum intensity of leaves damaged by pollu beetle was
observed during the first fortnight of December 2002 with mean value
41.30 followed by 40.20 in the first and second fortnights of July 2002
and second fortnight of November 2002. The lowest score was recorded
in the second fortnight of April 2003 (4.00) which was followed by first
fortnight of May 2002 and first and second fortnight of September 2002

with a mean value of 6.00 and 16.60 respectively.

4.1.1.3 Spikes Damaged by Pollu Beetle

The maximum percentage of spikes damaged by poliu beetie (Plate
2B) was observed during the pertod just before harvest of pepper berries
viz., first and second fortnight of February 2003 with a mean percentage
of 37.90. This was followed by first and second fortnights of January
2003 (36.90). Damage lcvels of 5.30 and 9.60 per cent were abserved per

vine during the first and second fortnights of May 2002 respectively.
4.1.1.4 Berry Damage by Pollu Beetle

The highest percentage of berry damage (8.00) was observed (Plate 2C
and D) during first and second fortnights of February 2003. The first and
sccond fortnights of September 2002 recorded 1.90 and 1.80 per cent berry

damage respectively.
4.1.2 Top Shoot Borer (Cydia hemidoxa, Megr.)

The top shoot borer damage (Plate 3) was not observed in the field
Juring Mayv and June 2002, The damage was scen from the first fortmuoehy
of July 2002 (16.00). The maximum damage of top shoot borer on yvoung
vines was seen during second fortnight of November 2002 and first
fortnight of December 2002 (28.00). The first fortnight of January 2003

the pereentage of vine damage was 12,00, The damage on yvoung vines



Plate 3 Tender shoot damaged by top shoot borer

Plate 4 Leaf damage caused by leaf gall thrips
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was not observed from second fortnight of January 2003 to second
fortnight of April 2003.

4.1.3 Leaf Gall Thrips (Liothrips karnyi, Bagn.)

The incidence of leaf gall thrips was recorded as percentage of
leaves damaged (Plate 4). The highest percentage of damage was recorded
during the second fortnight of April 2003 (23.50) followed by first
fortnight of April 2003 and second fortnight of March 2083 with mean
percentage of leaves damaged being 23.20 and 22.60 respectively. The
least damage of leaves on vines was recorded during the first fortnight of
September 2002 (8.00) followed by second fortnight of August 2002 and
first fortnight of August 2002 (8.50 and 10.10 respectively).

4.1.4 Mecaly Bugs (Ferrisia virgata, Cock.)

The mealy bug damage (Plate 5) was not scen in the field from May
2002 to September 2002. The population began to butld up from first
fortnight of October 2002 with a mcan spike damage of ¢.80 per cent. The
highest incidence of 3.20 was observed during the second fortnight of

[ebruary 2003.
4.1.5 Scale Insects on Berries (Lepidosaphes piperis, Gr.)

The occurrence of scale 1nsects on spikes (Plate 6) was not observed
from first fortnight of May 2002 to second fortnight of September 2002,
[HHowever the population began to build up from the first fortnight of
October 2002 and reached the maximum on spikes just before harvesting
viz.. second fortnight of February 2003 with mean damage ot 8.50 per
cent. It was followed by mean damage in second lortmght oi” February
2003 and first lortnight of Junuary 2003 (8.20 and 8§.00 per cent

respectively).



Plate 5 Pepper spike attacked by mealy bugs

Plate 6 Pepper berries attacked by scale insects
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4.1.5.1 Percentage of Vines Damaged by Scale Insects

The percentage of vines infested by scales was the maximum (28.00)
during the second fortnight of April 2003. Scales infested sixteen percent
of the vines over a period of six months from first fortnight of May 2002
to second fortnight of November 2002. The percentage of vines infested
by scales was 24.00 during the first and second fortnight of February,
March and first fortnight of April 2003,

4.1.5.2 Intensity of Vines Damaged by Scale Insects

The mean intensity of scale insects on vines ranged from 4.00 during
the months of May, June and July 2002 to 28.00 per ccnt during the
second fortnight of April 2003. There was an increase in the percentage
of vines damaged by scales from September 2002 onwards. The highest
value of 24.00 was followed by 20.00 during the first fortnight of April
2002 and second fortnight of March 2002,

4.1.6 Gall Fly Damage on Leaves

The gall fly damage on leaves was maximum -during the first
fortnight of December 2002, second fortnight of January 2003 and first
fortmight of Fcbruary 2003 with a mcan damage of 3.00 per cent.
However the jowest damage of 1.30 was observed during May 2002 and

first lortnight of June 2002.

4.1.7 Correlation between Weather Parameters and the Incidence of

Pests and their Damage in Black Pepper

Correlation coefficients between weather parameters and the incidence

ol pusts and the damage m black pepper are presented i the Table 2.

Pollu beetle adult population had a significant negative correlation
with maximum temperature. Significant positive correiation was obtained

between pollu beetle count and relative hunudity., The beetle count,
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Table 2 Correlation coefficients between pest damage and weather

parameters
tgdnf‘;‘;g;‘ﬂe ti‘:]i;;‘r’;‘t‘:;e Relative | Rainfall | No.of
©C) °C) humidity {mm) rainy days
Y, |-0.7184** | 0.1822 0.7114%* | 0.2588 | 0.4903
Y, |-06137** |-0.4069 02717 | -0.2843 |-0.0791 |
Y, 0.6998** | -0.2158 -0.5345%% [ 03219 | -0.5451%* |
Y. |-0.4331 20.7615%* | 0.1504 | -0.0597 | -0.0885
Ys |-0.1374 -0.7809%* |-0.0324 | 0.0595 | -0.2140
Yo |-0.6064%* |-0.2745 03271 | -0.0562 | 0.0746
Y, 0.7482** | -0.0803 -0.4980 | -0.3045 | -0.5099
Ye 0.0196 -0.7448** | -0.1756 | -0.2006 | -0.3546
v, | -0.0894 | -0.7763** |-0.0518 |-0.0695 |-0.2300 |
Yio | 0.6823%% |-0.3308 | -0.5907*% | 03711 |-0.5998%"
Yo | 0.0903 -0.6046%* | -0.0831 |-0.0892 |-0.2418

Significant at 1% - 0.5118%*

Y1 — Mecan pollu beetle population
Y,- Percentage of leaves damaged by pollu beetle

Ys- Intensity of infestation of pollu beetle on leaves

Y4~ Percentage of spikes damaged by pollu beetle

Ys- Percentage of berries damaged by pollu beetle
Y- Percentage of vines damaged by top shoot borer
Y- Percentage of leaves damaged by teaf gall thrips

Ys- Percentage of spikes infested by mealy bugs
Yo- Percentage of spikes damaged by scales

Y o~ Intensity of infestation by scale insects on vines
Y- Percentage of leaves infested by gall {1y
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rainfall and number of rainy days were positively correlated but it was not

significant.

There was significant negative correlation between leaf damage by
adults of pollu beetle and maximum temperature with an r value of
-0.6137. DPositive correlation was obtained between leaves damaged by

pollu beetle and relative humidity but the value was not significant.

The intensity of leaves damaged by pollu beetle showed significant
positive correlation with maximum temperature. The “r' value was
0.6998. There was significant negative correlation between leaves

damaged by pollu beetie with relative humidity and number of rainy days.

Signmificant negative correlation was obtained between spike damage
and berry damage by pollu beetle with minimum temperature, the “r’
values being -0.7615 and -0.7809 respectively. However negative
correlation was obtained between relative humidity and rainfall but the

relationship was not significant.

The leaves damaged by leaf gall thrips showed significant positive
correlation with maximum temperature (r value, 0.7482). There was
negative correlation between leaf damage and relative humidity. The
correlation between gall thrips damage and rainfall and number of rainy

days was found to be negative but not significant.

The spike damage by mealy bugs was found to be correlated
significantly negative with minimum temperature. Howcver correlation
between mealy bug incidence and rainfall and relative humidity were

negative but not significant.

The scale insect infestation on spikes was found 1o be correlated
negatively and significant with minimum temperature. The "1’ value was

-0.7763. The relanonship between spike damaged by scales and rainfall,
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number of rainy days and relative humidity were found to be negative but

not significant.

The intensity of infestation of scale insects on vines showed
significant positive correlation with maximum temperature (r value,
(.6823). However the severity of infestation showed significant negative

correlation with relative humidity and number of rainy days.

Percentage of leaves infested by gall fly did not show any significant

relation with any of the weather parameters.

4,1.8 Correlation between Incidence of Pests and their Damage in

Black Pepper and Weather Parameters of Previous Fortnight

Correlation cocfficients between incidence of pests and their damage
in black pepper and weather parameters of previous f{ortnight are

presented in Tablc 3.

There was a significant negative correlation between pollu beetle
adult count and maximum temperature with r value of -0.6680. The
population had a positive correlation with relative humidity but was not

significant.

A significant negative correlation was obtained between leaf damage
by pollu beetle and maximum temperature, the r value being-0.6680.
However the correlation between leaves damaged by adults of poliu beetle
and relative humidity was significantly positive (r value, 0.5262).
Positive correlation was obtained between leaves damaged and number of

rainy days but the relationship was not significant.

The intestation index on leaves by pollu beetle recorded signiticant
positive correlation with maximum temperature. However the correlation
with minimum temperature was negative and non significant. The refative

hunndity had significant negative corrclation with intensity of leaves
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Table 3 Correlation coefficients between incidence of pests and their
damage on black pepper and weather parameters of previous

fortnight
t?ff;‘;’r‘;‘t‘ﬁe tym';]:::ﬂe ﬁ{elgti_ve Rainfall | No.of
©C) ) umidity (mm) rainy days
Y, -0.6680** | -0.0432 0.4791 -0.0459 0.1549
Y -0.5721%** 0.0690 0.5262%* [-0.0182 0.2135
Y3 0.6247** | -0.3810 -0.5649** | -0.3752 -0.5832**
Y4 -0.2018 -0.7848** | -0.0660 -0.2982 -0.3349
Ys -0.0890 -0.7639** | -0.1997 -0.2575 03F9_4{]
Ys -0.5228** 1 -0.5091 0.1672 0.0094 (.0467
Y 0.7545%* 0.0152 -0.4445 -0.2998 -0.4599
- Yy 0.2401 -0.6575*%* | -0.3381 -0.3639 -0.5071
Yo 0.1311 -0.7260** | -0.2240 -0.2802 -0.4195
Yio 0.8072** 1-0.1630 -0.5917*%* | -0.2924 0.3336*% 1
_ Y.l.l_. ﬁ 029?8 -0.5187**% | -0.2326 -0.2243_ -0‘3.895 |

Significant at 1% 0.5118**

Y| ~ Mean pollu beetle population
Y- Percentage of leaves damaged by pollu beetie

Y ;- [ntensity of infestation of pollu beetle on leaves

Y4- Percentage of spikes damaged by pollu beetle

Ys- Percentage of berries damaged by pollu beetle
Y- Percentage of vines damaged by top shoot borer

Y ;- Percentage of leaves damaged by leaf gall thrips
Y- Percentage of spikes infested by mealy bugs
Yy- Percentage of spikes damaged by scales

Y 10- Intensity of infestation by scale insects on vines
Y- Percentage of leaves infested by gall fly
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damaged, the r value being -0.5649. The infestation index on leaves was
also significantly and negatively correlated with number of rainy days

(r value -0.5832).

The spikes damaged by pollu beetle recorded negative correlation
with maximum temperature but the relationship was not significant.
However significant negative correlation was obtained between spike
damage by pollu beetle and minimum temperature (r value,-0.7848).
Spike damage by beetle was negatively correlated with relative humidity.
rainfall and number of rainy days. However the correlation was not

significant.

Significant negative correlation was obtained between berry damage
by pollu beetle and minimum temperature (r value,-0.7639). The other
weather parameters like relative humidity, rainfall and number of ramy

days were also negatively correlated though not significant.

The leal damage by leaf gall thrips recorded significant positive
correlation with maximum temperature (r value,-0.7545). The corrclation
with minimum temperature was also positive but was not significant.
Relative humidity and number of rainy days had significant ncgative
correfation with leaf gall thrips damage. But the refation was non
significant. There was negative correlation between leal damage and

rainfall, which was also not significant.

Mealy bug infestation on spikes showed significant negative
corrctation with minimum temperature, the ‘r° value being -0.65375.
Infestation by mealy bugs on spikes was negatively correiated with
number of rainy days and relative humidity and rainfall but the correlation

was not signiticant.

The percentage of spike infestation by scale msect was positively

correlated with maximum temperature, the relation being not signtficant.
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However there was significant negative correlation between spike damage
by scale insects and minimum temperature. There was negative

correlation between spike damage and number of rainy days.

The intensity of vines damaged by scale insects had a significant
positive correlation with maximum temperature. With respect to relative
humidity and number of rainy days, the intensity of damage by scale

insects was significant and negatively correlated.

Gall fly leaf damage also showed positive correlation with maximum
temperature, but minimum temperature had significant negative corrclation,
The r value being -0.5187. The gall fly leaf damage was negatively

correlated to relative humidity, rainfall and number of rainy days.

42 FIELD EVALUATION OF BOTANICALS AND  THEIR
COMBINATIONS FFOR THE MANAGEMENT OF PESTS OF
BILLACK PEPPER

4.2.1 Mean Population of Pollu Beetle at Different Intervals after
Application of Different Treatments

4.2.1.1 At Spike Emergence Stage

The results of the observations on mean population of pollu beetle
adults on pepper vines receiving different treatments at spike emergence

arc given in Table 4.

Twenty-four hours after application of treatments. pollu bectle adults
were not observed in vines receiving quinalphos .05 per cent spray. The
mean population was 0.46 in treatments, neem seed otl 3.00 per cent +
garlic 2.00 per cent karanja oil cmulsion 2.00 per cent and ncem sced ol
soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion
1.00 per cent, 0.66 and 0.72 in treatments neem seed oil soap emulsion

2.00 per cent + garlic 2.00 per cent and azadirachtin .003 per cent ¢
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karanja oil 1.00 per cent respectively. These treatments were statistically
on par. This was followed by treatments, azadirachtin 0.003 percent,
azadirachtin 0.004 per cent and clerodendron leaf and flower extract 8.00
per cent . The mean population was significantly lesser in all the

treatments compared to control, which had the highest population of 4.83.

At seventy-two hours after application of treatments, the beetles
were not observed in quinalphos 0.05 per cent treated vines whereas the
maximum of 4.98 was in control vines. The population was 0.46 in karanja
oil emulsion 2.00 per cent followed by neem seed oil soap emulsion 2.00
per cent + garlic 2.00 per cent, neem seed oil 3.00 per cent + garlic 2.00
per cent and neem secd oil soap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja oil emulsion 1.00 per cent. All the vines receiving
insecticide treatments recorded significantly lower beetle population

compared to control.

Onc week after insecticide application, quinalphos 0.05 per cent
treated vines recordéd a mean population of 0.22, which was followed by
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent with a
mean population of 1.16. The mean population was the same for ncem
seed oil scap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil
emulsion 1.00 per cent, karanja oil 2.00 per cent, azadirachtin 0.003 per cent
and ncem seed oil 3.00 per cent + garlic 2.00 per cent being 1.47. The

highest population of pollu beetie adults was in the control vines (5.73).

Fhe mean beetle count ranged from 0.87 1n quinalp.hos (.05 per cent
to 5.20 in control at two weeks after spraying. The treatments quinalphos
0.05 per cent and neem seced oil soap emulsion 2.00 per cent + garlic 2.00
per cent was on par. Neem sced oil soap emulsion 2.00 per cent + garlic
2.00 per cent was followed by azadirachtin 0.003 per cent, azadirachtin
0.004 per cent. and neem seed o1l 3.00 per cent + garlic 2.00 per cent with

a mean population of 1.96.
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Three weeks after insecticide application, the maximum number
of pollu beetle adults was recorded in control (5.95) and the minimum
in quinalphos 0.05 per cent (1.73). Quinalphos (.05 per cent was
followed by neem seed oil soap emulsion 2.00 per cent + garlic 2.00
per cent + karanja oil emulsion 1.00 per cent, azadirachtin 0.003 per
cent + karanja oil 1.00 per cent and karanja otl 2.00 per cent. The
treatments, neem seed oil 3.00 per cent + garlic 2.00 per cent,
azadirachtin 0.004 per cent, azadirachtin 0.003 per cent and neem seed
oil soap emulsion 2.00 per cent + garlic 2.00 per cent were

statistically on par.

Observations taken four weeks after application of sprays indicated
that quinalphos 0.05 per cent and karanja oil 2.00 per cent were found
statistically on par. The highest count of pollu beetle adults was recorded
in control (5.91) and lowest in quinalphos 0.05 per cent (2.48). It was
followed by karanja oil 2.00 per cent, azadirachtin 0.003 per cent +
karanja oil 1.00 per cent, neem seed oil soap emulsion 2.00 per cent 4
garlic 2.00 per cent + karanja oil emulsion 1.00 per cent and azadirachtin

0.003 per cent.

Five weeks after insecticide application, control vines had the
maximum mean population of 4.24 per vine and minimum in quinalphos
0.05 per cent (1.93). Quinalphos 0.05 per cent was followed by neem secd
o1l 3.00 per cent + garlic 2.00 per cent, azadirachtin 0.003 per cent +
karanja o1l 1.60 per ceni, ncem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent and azadirachtin 0.004 per cent and thev were found

statistically on par.

Six weeks alter insecticide application. there was no significant

difference between any of the treatments.
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The mean of all the observations revealed that the lowest population
of pollu beetle adults was in those vines receiving quinalphos 0.05 per
cent (1.81) and the highest in control vines (5.21). This was followed by
azadirachtin 0.003 per cent + karanja oil 1.00 per cent and neem seed oil
soap emulsion 2.00 per cent + 2.00 per cent garlic + karanja oil 1.00 per
cent where the average population per vine was 2.59 and 2.60
respectively. Karanja oil 1.00 per cent and neem oil soap emulsion 2.00
per cent + garlic 2.00 per cent had a mean count of 2.75. Azadirachtin
0.003 per cent + karanja oil 1.00 per cent, neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion 1.00 per cent,
karanja oil 2.00 per cent, neem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent, ncem seed oil 3.00 per cent + garlic 2.00 per cent,
azadirachtin 0.003 per cent and azadirachtin 0.004 per cent were

statistically on par.

Among the different treatments tested against pollu beetle population at
spike emergence stage, the most effective treatment was guinalphos 0.05

per cent followed by azadirachtin 0.003 percent + karanja o1l 1.00 per cent.
4.2.1.2 At Berry Formation Stage
The results are presented in Table 5.

Twenty four hours after application of treatments, maximum count
of beetle was found in control with a mean of 5.74 and minimum in
quinaiphos 0.05 per cent with a mean population of 0.22. Quinalphos 0.05
per cent was followed by neem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent + karanja oil emulsion 1.00 per cent and neem seed
oil soap emulsion 2.00 per cent + garlic 2.00 per cent with a mean of (.46,
Treatment quinalphos 0.05 per cent. neem sced oil soap emulsion 2.00 per
cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent, neem seed
oil soap emulsion 2.00 per cent + garlic 2.00 per cent, azadirachtin 0.003

per cent + karanja oil 1.00 per cent, azadirachtin 0.004 per cent, neem
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seed oil 3.00 per cent + garlic 2.00 per cent and azadirachtin 0.003 per

cent were statistically on par.

Seventy-two hours after application of treatments the highest mean
population of pollu beetle adults was recorded in control (5.22) and
minimum in quinalphos 0.05 per cent (0.22). Quinalphos 0.05 per cent
was followed by neem seed oil soap emulsion 2.00 per cent + garlic 2.00
per cent + karanja oil emulsion 1.00 per cent, azadirachtin 0.003 per cent
and azadirachtin 0.004 per cent, neem seed oil soap emulsion 2.00 per cent +

garlic 2.00 per cent and neem seed oil 3.00 per cent + garlic 2.00 per cent.

The mean population value ranged between 0.72 in quinalphos 0.05
per cent to 5.18 in control when observations were taken one week after
treatment application. Among botanicals, azadirachtin 0.004 per cent,
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja
oil emulsion 1.00 per cent, azadirachtin 0.003 per cent and neem seed oil
3.00 per cent + garlic 2.00 per cent recorded minimum counts compared to

others.

Two weeks after applying insecticides, it was found that control
itself showed maximum population of 4.24 followed by clerodendron Icat
and flower extract 8.00 per cent with 3.15. Minunum population of pollu
beetle adults was observed in quinalphos 0.05 per cent with mean of 0.93
followed by azadirachtin 0.004 per cent with 1.69. The mean population
of pollu beetle in azadirachtin 0.003 per cent + karanja oil 1.00 per cent.
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent and neem

seced oil 3.00 per cent + garlic 2.00 per cent was 1.73.

Significant difference was recorded between treatments and control
at three weeks after application of treatments. The treatments. quinalphos
0.05 per cent and neem sced oil 3.00 per cent + garlic 2.00 per cent
recorded minimum population of 2.48 followed by neem sced oil soup

emulsion 2.00 per cent + garlic 2.00 per cent ¢ karanja oil emulsion 1.00
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per cent, azadirachtin 0.004 per cent and neem seed oil soap emulsion 2.00

per cent + garlic 2.00 per cent.

Four weeks after application of treatments significant difference was
observed between control and treatments. Neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent
recorded minimum population of 1.47 followed by azadirachtin 0.003 per

cent + karanja oil 1.00 per cent and quinalphos 0.05 per cent with 1.96.

Observations taken at fifth, sixth, seventh, eighth and ninth weeks
after application of treatments there was no significant difference between

control] and the other treatments.

The mean population of pollu beetie obtained from all the
observations taken at berry formation stage was the lowest (1.85) in
quinalphos 0.05 per cent treated vines and maximum (4.05) in control
vines. Among the plant products, neem seed oil soap emulsion 2.00 per
cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent recorded
the least mean population of 1.95 followed by neem seed o1l 3.00 per cent
+ garlic 2.00 per cent and azadirachtin 0.004 per cent with a mcan count
of 2.15. Neem oil soap emulsion 2.00 per cent + garlic 2.00 per cent had a
population count of 2,20 per cent. Among botanicals, clerodendron leaf

and flower extract 8.00 percent recorded a maximum count of 3.07.

At berry formation stage, quinalphos 0.05 percent was the best
treatment against pollu bectle followed by neem oil soap emulsion 2.00

pereent + garlic 2.00 percent + karanja oil 1.00 percent.
4.2.1.3 At Berry Maturation Stage

‘The population of pollu beetle at different intervals atter application

ol trcatments at berry maturation stage is given in Table 6.
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Twenty four hours after application of treatments, conirol recorded
highest mean populétion of 6.69 and the lowest in quinalphos 0.05 per
cent {0.22). Quinalphos 0.05 per cent was followed by the neem seed ol
soap emulsion 2.00 per cent + garlic 2.00 per cent and neem seéd oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent with population of 0.93. The treatments quinalphos 0.05 per cent,
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent and
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cenl -

karanja oil emulsion 1.00 per cent were statistically on par.

At seventy two hours after application of trcatments, pollu beetle
was absent in quinalphos 0,05 per cent treated vines and 6.98 in the
control vines. Azadirachtin 0.003 per cent + karanja oil 1.00 per cent and
neem seed oil 3.00 per cent + garlic 2.00 per cent had population of 0.93.
The treatments, azadirachtin ¢.003 per cent + karanja oil 1.00 per cent.
neemn sced oil 3.00 per cent + garlic 2.00 per cent, neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion 1.00
per cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent.
azadirachtin 0.004 per ccnt, karanja oil 2.00 per cent and azadirachtin

0.003 per cent were statistically on par with quinalphos 0.05 per cent.

One week after insectictde application, quinalphos treated vines
recorded a population of 0.22 which was the least followed by neem seed
otl 3.00 per cent + garlic 2.00 per cent, azadirachtin 0.003 per cent, ncem
seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent. neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion
1.00 per cent and azadirachtin 0.004 per cent and they were statistically on

par. The highest population was recorded in the control vines.

‘The mean beetle count ranged from 0.93 in gquinalphos 0.05 per cent
treated vines to 6.49 in control at two weeks alter spraving insecticides.

Among the botanicals, neem seed oil soap emulsion 2.00 per cent + garlic
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2.00 per cent and neem seed oil 3.00 per cent + garlic 2.00 per cent
recorded least population of 2.24 followed by azadirachtin 0.004 per cent
and neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +

karanja oil emulsion.1.00 per cent (2.48).

Three weeks after insecticide application, the maximum population
was recorded in control (5.98) and minimum in quinalphos (.05 per cent
(3.21). Quinalphos 0.05 per cent was followed by neem seed oil 3.00 per
cent + garlic 2.00 per cent, azadirachtin 0.003 per cent + karanja eil 1.00
per cent and neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent with population of 3.74, 4.20 and 4.24 respectively.  They were

statistically on par.

At four weeks after insecticidal application, highest population were
observed in control, clerodendron leaf and flower extract 8.00 per cent and
azadirachtin 0.003 pér cent (4.98) and least in quinalphos 0.05 per cent
and neem sced oil soap emulsion 2.00 per cent + garlic 2. 00 per cent +

karanja oil emulsion 1.00 per cent {4.00).

At five weeks, six, seven, eight and nine wecks after insccticide
application, there was no significant difference between any of the

treatments with the control.

The mean of all the observations taken for the population of pollu
beetle at berry maturation stage revealed that quinalphos .03 per cent
(2.35) was the best treatment and differed significantly from atl other
treatments in deterring pollu beetle. The highest count of the beetles was
recorded in control (5.34). Among the plant products sprayed neem oil
soap emulsion 3.00 per cent + garlic 2.00 per cent (2.96) was the hest
followed by neem otl soap cmulsion 2.00 per cent + garhic 2.00 per cent
and neem o1l soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja

1.00 per cent with mean population of 3.04 and 3.07 respectivelv.
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Quinalphos 0.05 percent was the best in reducing pollu beetle
population followed by neem oil soap. emulsion 3.00 percent + garlic 2.00

per cent.

4.2.2 Mean Percentage of Leaves Damaged by Pollu Beetle at different

intervals after Application of Treatments
4.2.2.1 At Spike Emergence Stage

The extent of damage done by poliu beetle on leaves at spike

emergence is expressed as percentage in Tabie 7.

Twenty four hours after spraying of insecticides, there was no
damage in any of the treatments except control (4.41 per cent leaf

damage).

l.eaf damage was not observed in quinaiphos 0.05 per cent, ncem seed
o1l soap emulsion 2.00 per cent + garlic 2.00 per cent + Kkaranja oil
emulsion 1.00 per cent and neem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent whereas it was 14.85 in control, seventy two hours
after insecticide spray. The treatments, azadirachtin ¢.003 per cent,
azadirachtin 0.003 per cent + karanja oil 1.00 per cent, neem seed oil 3.00
per cent + garlic 2.00 per cent, karanja oil 2.00 per cent and azadirachtin

(.004 pcr cont were statistically on par.

Observation taken one week after applying insecticides revealed that
control vines had the highest leaf damage of 16.51 per cent and quinalphos
0.05 per cent the least with 1.08 per cent. Quinalphos 0.05 per cent was
followed by ncem seed oil 3.00 per cent + garlic 2.00 per cent, neem sced
oil soap cmulsion 2.00 per cent + garlic 2.00 per cent and azadirachtin
0.003 per cent + karanja otl 1.00 per cent with mean damage of 2.55, 3.57

and 4.27 respectively.
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At two weeks after application of treatments, maximum percentage
of leaf damage was observed in control (23.22) and minimum of 5.66 in
quinalphos 0.05 per cent treated vines. The mean percentage damage was
8.13 in vines receiving neem seed oil 3.00 per cent + garlic 2.00 per cent
and neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja oil emulsion 1.00 per cent and 9.74 In neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent, azadirachtin 0.004 per cent

and azadirachtin 0.003 per cent + karanja oil 1.00 per cent treatments.

The same trend of leaf damage in treatment vines was recorded three
weeks after spray. The treatment quinalphos 0.05 per cent was followed
by neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja oil emulsion 1.00 per cent, azadirachtin 0.003 per cent + karanja
oil 1.00 per cent and neem seed oil 3.00 per cent + garlic 2.00 per cent
with mean values of 11.47, 12.92 and 12.92 respectively. The treatments,
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent, karanja
0il 2.00 per cent, azadirachtin 0.004 per cent and azadirachtin 0.003 per

cent were statistically on par.

Four, five and six weeks after spray, the same trend were observed
with vines under control showing maximum damage and quinalphos 0.05
per cent treated vines, the minimum. Among botanicals, neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion
1.00 per cent and azadirachtin 0.003 per cent + karanja oil .00 per cent

showed minimum damage.

The mean of all the observations on leat damage by pollu beetle at
spike emergence revealed that quinalphos 0.05 per cent (7.24) was the best
treatment followed by ncem seed oil soap emulsion 2.00 per cent + 2.00
per cenl garlic + karanja oil 1.00 per cent with mean percentage damage of
9.58 and azadirachtin 0.003 per cent + karanja oil 1.00 per cent with a

damage of 10.81. The control vines had the maximum damage of 20.27
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per cent. Neem seed oil soap emulsion 3.00 percent + garlic 2.00 per cent
and neem seed oil 2.00 per cent + garlic 2.00 per cent had a mean
percentage 11.58 and 11.71 respectively. Clerodendron leat and flower

extract 8.00 per cent recorded a leaf damage of 17.46.

Among the different treatments sprayed against leaf damage by pollu
beetle at spike emergence stage, quinaiphos 0.05 per cent recorded
minimum damage followed by neem seed o1l soap emulsion 2.00 per cent

+ 2.00 per cent garlic + karanja oil 1.00 per cent
4.2.2.2 At Berry Formation Stage

The percentage of leaves damaged by pollu beetle at berry formation

stage is given in Table 8.

Twenty four hours after insecticide spray, no leal damage by pollu
beetle was recorded in any of the treatments except in control with a mean

damage of 3.57.

Seventy two hours after application of sprays, the control vines
recorded the highest damage (11.47) and quinalphos 0.05 per cent treated
vines had no damage. Quinalphos 0.5 per cent was tollowed by neem
seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil
emulsion 1.00 per cent with mean damage of 1.08 and azadirachtin 0.003
per cent + karanja oil 1.00 per cent and neem seed oil 3.00 per cent +

garlic 2.00 per cent with 2.55 per cent leaves damaged.

The mean damage ranged {rom 2.55 in quinalphos to 14.88 in control
0.05 per cent at one week after application of different treatments. The
treatments quinaiphos 0.05 per cent and neem sced o1l soap emulsion 2.00
per cent + garlic 2.00 per cent were on par. Also treatments. neem seed
otl soap emulsion 2.00 per cent -+ garhe 2.00 per cent. neem sced o1l 3.00

per cent + garlic 2.00 per cent. azadirachtin €.003 per cent + karvanja ol
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1.00 per cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja oil emulsion 1.00 per cent, karanja oil 2.00 per cent,

azadirachtin 0.003 per cent and azadirachtin 0.004 per cent were on par.

The highest percentage of leaf damage was observed in control with
a mean of 16.51 per cent and lowest of 6.66 per cent in quinalphos 0.05
per cent, two weeks after insecticide application. The treatments
quinalphos 0.05 per cent, azadirachtin 0.003 per cent + karanja oil 1.00
per cent and neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja oil emulsion .00 per cent were on par. Control was on par
wiitli clerodendron leaf and [lower extract 8.00 per cent, karanja oil 2.00

per cent, azadirachtin 6.003 per cent and azadirachtin 0.004 per cent.

Al three weeks after spraying, the percentage of ieaves damaged was
the teast (9.74) in quinalphos 0.05 per cent and neem seed oil soap
emulsion 2,00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent trealed vines. The control vines revealed the highest damage of
18.21. All the treatments were on par except control and clerodendron

leaf and flower extract 8.00 per cent.

After four weeks of spray application, highest damage was observed
in control (22.92) and lowest in quinalphos 0.05 per cent (12.92). The
treatments, azadirachtin .004 per cent, karanja oil 2.00 per cent, neem
sced oil soap emulsion 2.0G per cent + garlic 2.00 per cent + karanja oil
emulsion 1.00 per cent and neem seed oil 3.00 per cent + garlic 2.00 per

cent were on par with quinalphos 0.05 per cent.

From the fifth week onwards all the treatments were on par, but the
dumage in the control vines was significantly higher compared to all the

Lreatments.

The mean percentage of leaves damaged by pollu beetle from all the

observations taken at berry formation stage was the highest {21.52 per cent)
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in the control vines and the minimum of 14.06 in quinalphos 0.05 per cent
treated vines, which was on par with neem seed oil soap emulsion 2.00 per
cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent (15.93).
Among botanical treatments, ncem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent + karanja oil 1.00 per cent was the best followed by neem
seed oil 3.00 per cent + garlic 2.00 per cent, azadirachtin 0.003 per cent +
karanja oil 1.00 per cent, neem seed oil soap emulsion 2.00 per cent + garlic
2.00 per cent and azadirachtin 0.004 per cent and were statistically on par

with mean values of 16.92, 17.04, 17.14, and 17.65 respectively.

Among the different botanicals tested against lcaf damage by pollu
beetle, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja oil 1.00 per cent was the best treatment followed by neem secd oil

soap emulsion 3.00 per cent + garlic 2.00 per cent.
4.2.2.3 At Berry Maturation Stage

The extent of damage done by pollu beetle on leaves i1s expressed as

percentage is given in Table 9.

Twenty-four hours after application of different treatments it was
found that only vines treated with clerodendron leaf and f{lower extract
8.00 per cent and control had leaf damage of 1.08 and 3.57 per cent

respectively.

At seventy-two hours after application of insecticides. no damage to
leaves were observed in quinalphos 0.05 per cent and neem seed otl soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion 1.00
per cent to 11.08 in control. The treatments, neem secd o1 5.00 per cent
garlic 2.00 per cent, azadirachtin 0.003 per cent + karanja o1l 1.00 per
cent, azadirachtin 0.003 per cent, azadirachtin 0.004 per cent. neem secd
oil soap emulsion 2.00 per cent + garhic 2.00 per cent and karanja oil 2.00

JPer cent were on par.



Table 9. Percentage of leaves damaged by pollu beetle at different intervals after application of treauments at berry
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Observations recorded one week after application of treatments
revealed maximum damage of 16.51 in control and minimum of 1.08 in
quinalphos 0.05 per cent. The treatments, quinalphos 0.05 per cent and
ncem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja oil emulsion 1.00 per cent were on par. Neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent was followed by azadirachtin 0.004 per cent. Neem seed oil 3.00
per cent + garlic 2.00 per cent, neem seed oil soap emulsion 2.00 per cent
+ garlic 2.00 per cent, azadirachtin 0.003 per cent + karanja oil 1.00 per

cent and karanja oil 2.00 per cent.

The damage was highest in the control vine (20.00) at two weeks
alter insecticide application. Quinalphos 0.05 per cent recorded minimum
damage of 4.40 per cent. Among the botanicals, neem sced oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent recorded less damage of 8.13 followed by azadirachtin 0.003 per
cent + karanja oil 1.00 per cent, neem seed oil 3.00 per cent -+ garlic 2.00
per cent, azadirachtin 0.004 per cent neem seed oil soap emulsion 2.00 per
cent + garlic 2.00 per cent karanja oil 2.00 per cent and azadirachtin ¢.003

per cent.

Three weeks after treatment application, the control vines exhibited
maximum damage (20.00) and quinalphos 0.05 per cent with minimum
damage. The treatments, quinalphos 0.05 per cent, neem sced oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent and neem seed o1l 3.00 per cent + garlic 2.00 per cent were on par

with mean values of 6.66, 11.46 and 11.46 respectively.

Anong the botanicals. ncem seed oil soap emulsion 2.00 per cent —
garlic 2.00 per cent + karanja oil emuision 1.00 per cent was the best
followed by azadirachtin 0.003 per cent, neem seed oil soap emulsion 2.00

per cent + garlic 2.00 per cent, neem seed o1l 3.00 per cent + garlic 2.00



57

per cent and azadirachtin 0.003 per cent + karanja oil 1.00 per cent at four
five weeks after treatment application. The highest leaf damage was

recorded in control and the least in quinaiphos 0.05 per cent.

Six and seven weeks after insecticide application, control vines
receiving no spray recorded maximum damage. However the minimum
damage was in quinalphos .05 per cent treated vinés. Among the
different botanicals, neem seed oil soap emulsion 2.00 per cent + garlic
2,00 per cent, neem seed otl 3.00 per cent + garlic 2.00 per cent,
azadirachtin 0.003 per cent, karanja oil 2.00 per cent and neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion

1.00 per cent were on par with quinalphos 0.05 per cent.

The mean damage ranged between 17.95 in quinalphos treated vines to
31.44 in control wheﬁ observations were taken at the eighth and ninth week
after insecticide application. Treatments quinalphos 0.05 per cent, azadirachtin
0.003 per cent, neem seed oil 3.00 per cent + garlic 2.00 per cent. karanja oil
2.00 per cent, azadirachtin 0.003 per cent + karanja oil 1.00 per cent, necem
seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent, neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karah‘ja oil emulsion 1.00 per

cent and azadirachtin 0.004 per cent were statistically on par.

The average of all the observations revealed that maximum
percentage of leaf damage by pollu beetle was observed in control with
mean of 21.34 and minimum in quinalphos 0.05 per cent treatcd vines
(8.16).  Quinalphos 0.05 per cent was the best treatment and it was
significantly different from all the other treatments. Among the plant
products, neem seed oil soap emulsion 2.00 per cent + 2.00 per cent garlic
+ 1.00 per cent karanja oil was the best followed by neem seed oil 3.00
per cent + garlic 2.00 per cent. neem seed o1l soap emulsion 2.00 per cenl
+ garlic 2.00 per cent and azadirachtin 0.003 per cent + karanja oil 1.00

rer cent with mean values of 1233, 12,79, 13.66 and 13.93 vespectively
| A
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4.2.3 Mean Intensity of Leaves Damaged by Pollu Beetle at Different

Intervals after Application of Treatments.
4.2.3.1 At Spike Emergence Stage

Mean intensity values of leaves damaged by pollu beetle at different
intervals after application of treatments at spike emergence are given In

Table 10.

Twenty four hours after insecticide application, no damage was

observed in any the treatment vines except the control.

The intensity of leaves damaged by pollu beetle seventy two hours
atter insecticide application showed that control had the maximum damage
with mean intensity of 5.27 per cent. Vines treated with quinaiphos 0.03
per cent, azadirachtin 0.003 per cent + karanja oil 1.00 per cent, neem
seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l
emulsion 1.00 per cent and neem seed oil soap emulsion 2.00 per cent -

garlic 2.00 per cent had no leaf damage.

The highest intensity of leaf damage (5.27) was in control vines
observed at one week after giving the first spray. Quinalphos 0.05 per
cent recorded the least damage of 0.15 per cent. Among the plant
products, neem seed oil soap emulsion 2.00 per cent + gariic 2.00 per cent
and azadirachtin 0.003 per cent + karanja oil 1.00 per cent were the best
followed by neem seed oll seap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja o1l emulsion 1.00 per cent and neem seed oil 3.00 per cent

+ garlic 2.00 per cent.

The intensity of leal damage ranged from 1.44 in quinalphos (.03
per cent to 12,54 in control at two weeks after the spray. Among the
botanicals, neem seed oil soap emulsion two per cent + 2.00 per cent

garlic + karanja o1l 1.00 per cent recorded a mean i'mensily ol 4.00
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followed by azadirachtin 0.004 per cent, neem seed oil 3.00 per cent +
garlic 2.00 per cent and azadirachtin 0.003 per cent with damage

intensities of 4.89, 5.35 and 5.37 respectively.

Three weeks after application of insecticides, quinalphos 0.05 per
cent and control showed minimum and maximum leaf damage intensities
of 3.32 and 14.43 respectively minimum. Treatments quinalphos 0.05 per
cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja oil emulsion 1.00 per cent, neem seed oil 3.00 per cent + garlic
2.00 per cent, azadirachtin 0.004 per cent, azadirachtin 0.003 per cent,
neem seed oil soap emulsion 2.00 per cent + parlic 2.00 per cent,
azadirachtin 0.003 per cent + karanja oil 1.00 per cent and karanja oil 2.00

per cent were slatistically on par.

Four weeks after application of treatments, the intensity of damage
ranged from 4.07 (quinalphos 0.05 per cent) to 1997 (control).
Quinalphos 0.05 per cent was followed by neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent.
neem sced oil soap emuision 2.00 per cent + garlic 2.00 per cent.
azadirachtin 0.004 per cent, neem seed oil 3.00 per cent + garlic 2.00 per

cent and azadirachtin 0.003 per cent and they were statistically on par.

Five and six weeks after application of treatments, the same trend
was observed with minimum damage in quinalphos 0.05 per cent followed
by neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent -
karanja o1l emulision 1.00 per cent, azadirachtin ¢.004 per cent. neem sced
ot} soap emulsion 2.00 per cent + garlic 2.00 per cenl and azadirachtin
0.005 per cent. All the treatments except control and clerodendron leat

and flower extract 8.00 per cent were statistically on par.

Analysis ot the average intensity of leaves damaged by pollu beetle

adults after applying different insccticides at spike emcergence stape
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showed that control had the highest damage intensity of 12.40 and
quinalphos with least damage intensity of 2.53. Among the botanicals,
neem and seed oil soap emulsion 2.00 per cent + 2.00 per cent garlic +
karanja oil 1.00per cent was the best with least damage intensity of 3.57
followed by neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent, azadirachtin 0,004 per cent and neem seed oil 3.00 per cent + garlic
2.00 per cent with mean values of 4.48, 4.67 and 4.76 respectively.
Control vines recorded maximum leaf damage intensity of 12.40 followed

by clerodendron leaf and flower extract 8.00 per cent (8.40).
4.2.3.2 At Berry Formation Stage

The mean intensity of leaves damaged by pollu beetle at different intervals

after application of treatments at berry formation stage is given in Table 11.

Twenty four hours after application of insecticides, there was no

damage in any of the treatment vines excepl control.

Seventy iwo hours after insecticide application, control vines
recorded maximum intensity of 4.52. No damage was observed in
quinalphos 0.05 per cent and this was followed by neem seed oil 3.00 per
cent + garlic 2.00 per cent, neem seed oil soap emulsion 2.00 per cent +
garhc 2.00 per cent + karanja oil emulsion 1.00 per cent, azadirachtin
0.003 per cent + karanja oil 1.00 per cent and azadirachtin 0.004 per cent

with mean intensities of 0.43, 0.48, 0.56 and 0.80 respectively.

Observations taken one week after application of different treatments
indicated the same trend. Quinalphos 0.05 per cent, neem seed oil soap
emulsion 2.00 per cent + parlic 2.00 per cent, neem sced oil 3.00 per cent
i garhie 2.00 per cent, azadirachtin 0.003 per cent + karanja oil 1.00 per
cent. neem seed oil soap emulsion 2.00 per cent + garlic 2 00 per cent -
karanja oil  emulsion 1.00 per cent, karanja oil 2.00 per cent and

azadirachtin 0.003 per cent were statistically on par.
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The mean intensity of damage ranged between 2.95 in quinalphos
0.05 per cent and 19.94 in control at two weeks after treatment
application. Quinalphos 0.05 per cent was followed by neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent, neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent,
neem seed oil 3.00 per cent + garlic 2.00 per cent and azadirachtin 0.003
per cent + karanja oil 1.00 per cent with mean intensities of 5.60, 6.59,

7.42 and 7.56 respectively.

Obscrvations recorded three weeks after spraying of treatments
indicated that maximum damage was in control vines (24.30) followed by
clerodendron leaf and flower extract 8.00 per cent and karamja o1l 2.00 per
cent. Minimum damage was seen in quinalphos 0.05 per cent treated
vines. The treatments, quinalphos 0.05 per ceni, neem seed o¢il soap
emulsion 2.00 per cent + garlic 2.00 per cent and neem seed oil 3.00 per
cent + garlic 2.00 per cent were on par with mean intensities of 4.73. 8.46

and 8.73 redpectively.

Four weeks after application of spray, the highest damage intensity
im control (32.59). Minimum damage was in vines that were sprayed with
quinalphos 0.05 per cent (7.14) followed by neem secd oil soap emulsion
2.00 per cent + garlic 2.00 per cent, neem seed oil soap emulsion 2.00 per
cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent
azadirachtin 0.003 per cent + karanja oil 1.00 per cent and neem seed oil
3.00 per cent + garlic 2.00 per cent with means of 10.22, 10.81. 11.16 and

11.16 respectively.

Al five weeks after insecticidal application, maximum intensity of
damage was recorded in control {36.24) and minimum in quinalphos 0.05 per
cent (8.14). The treatments, neem seed oil soap emulsion 2.00 per cent ~
garlic 2.00 per cent + karanja oil emulsion 1.00 per cent. neem seed oil 3.00

per cent = garlic 2.00 per cent, necem sced o1l soap emulsion 2.00 per cent
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garlic 2.00 per cent, azadirachtin 0.003 per cent + karanja oil 1.00 per cent

and karanja oil 2.00 per cent were on par with quinalphos 0.05 per cent.

At six weeks after application of different treatments, maximum and
minimum intensities recorded the same trend. Among the botanicals,
neem sced oil soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja
oil emulsion 1.00 per cent gave least intensity of damage {12.47) foliowed
by neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent, karanja

o0il 2.00 per cent and neem seed o1l 3.00 per cent + garlic 2.00 per cent.

At the seventh, eighth and ninth weeks after insecticidal application.
maximum intensity of leaf damage were seen in control and minimum in
quinalphos 0.05 per cent. The treatments, quinalphos 0.05 per cent, neem seed
oil soap emulsion 2.00 per cent + garlic 2.00 per cent, neem seced oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion 1.00 per
cent, neem sced o1l 3.00 per cent + garlic 2.00 per cent and azadirachtin 0.003

per cent + karanja oil 1.00 per cent were statistically on par.

The average intensities of damage on leaves by pollu beetle based on
all the observations at berry formation stage was worked out. The highest
damage was scen in control vines with an average value of 22,73 and least
in quinalphos 0.05 per cent treated vines (5.68). Among the plant
products, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent
was the best with mean damage intensity of 8.67 per cent followed by
neem seed oil soap emulsion 3.00per cent + 2.00 per cent gariic and neem
seed oil soap emulsion 2.00per cent + 2.00 per cent garlic - karanja oil
1.00 per cent with mcan intensities of 9.08 and 9.12 respectively. The
treatments, neem seed oil soap emulsion 2.00 per cent ~ carlic 2.00 per
cent, neem seed o1l 3.00 per cent + garlic 2.00 per cent. neem sced ol
soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion
1.00 per cent, azadirachtin ¢.003 per ccat + karanja oil 1.00 per cent and

azadirachtin 0.004 per cent were statistically on par.
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4.2.3.2 At Berry Maturation Stage

The mean intensity of leaves damaged by pollu beetle at different
intervals after application of treatments at berry maturation is given in

Table 12.

Twenty four after application of insecticides, only control and
clerodendron leaf and flower extract 8.00 per cent treated vines showed

damage.

At seventy two hours after application of treatments, the highest
inlensity of damage was recorded in the control vines with a mean value
of 3.83 and least in quinalphos 0.05 per cent and neem secd oil soap
cmulsion 2.00 per cent + 2.00 garlic + 1.00 per cent karanja oil. The
intensity of damage in neem seed oil 3.00 per cent + garlic 2.00 per cent

and azadirachtin 0.003 per cent + karanja oil 1.00 per cent was §.30.

The mean intensity value ranged from 0.30 in quinalphos 0.05 per
cent to 8.66 in control at one week after application of trcatments.
Quinaiphos 0.05 per cent was followed by neem seed oil 3.060 per cent +
gariic 2.00 per cent, neem seed oil soap emulsion 2.00 per cent + garlic
2.00 per cent + karanja oil emulsion 1.00 per cent, neem seed oil soap
emuision 2.00 per cent + garlic 2.00 per cent, azadirachtin 0.003 per cent

+ karanja oil 1.00 per cent, azadirachtin 0.004 per cent and were on par.

Two weeks after application of treatments, quinalphos 0.05 per cent
showed nunimum intensity of damage (2.63) followed by neem sced oil
3.00 per cent + garlic 2.00 per cent, neem seed o1l soap emulsion 2.00 per
cent i garlic 2.00 per cent + karanja oil emulsion 1.00 per cent
azadirachtn 0.003 per cent and karanja o1l 2.00 per cent. The maximum

intensity ot damage was recorded in control 19.07.
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At three weeks after application of insecticide treatments the highest
intensity of damage was in control. Quinalphos 0.05 per cent showed
maﬁ;imum damage with a mean value of 4,20 and was on par with neem
seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil
emulsion 1.00 per cent, neem seed oil 3.00 per cent + garlic 2.00 per cent

and azadirachtin 0.003 per cent + karanja otl 1.00 per cent.

The treatment quinalphos 0.05 per cent was found to be significantly
superior from all the treatment at four weeks after spraying of
insecticides. Control vines showed maximum intcnsity of damage of
23,91 per cent. The treatments, neem seed oil 3.00 per cent + garlic 2,00
per cent, neem sced oil soap emulsion 2.00 per cent + garlic 2.00 per cent
+ karanja oil emulsion 1.00 per cent, karanja oil 2.00 per cent and neem
seed oil soap emuision 2.00 per cent + garlic 2.00 per cent were

statistically on par with quinalphos 0.05 per cent.

Five weeks after giving different treatments, it was found that
maximum intensity of damage 33.35 was seen in control followed by
19.23 in clerodendron leaf and flower extract 8.00 per cent. Quinalphos
0.05 per cent was significantly superior to all the treatments. The
treatments. neem seed oil soap cmulsion 2.00 per cent + garlic 2.00 per
cent + karanja oil emulsion 1.00 per cent, neem seed oil 3.00 per cent +
garlic 2.00 per cent, azadirachtin 0.003 per cent + karanja oil 1.00 per
cent, karanja o1l 2.00 per ceant, neem seed oil soap emulsion 2.00 per cent
+ garlic 2.00 per cent, azadirachtin ¢.004 per cent and azadirachtin 0.003

per cent were statistically on par.

Six weceks after the application of treatments, the same trend was
observed. Quinalphos 0.05 per cent was followed by azadirachtin (.003
per cent + karanja oil 1.00 per cent which were on par. After seventh
week, quinalphos 0.05 per cent was on par with ncem sced oil seap

emulsion 2.00 per cent + garlic 2.00 per cent = karanja oil emulsion 1.00
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per cent, azadirachtin 0.004 per cent and neem seed oil soap emulsion 2.00
per cent + garlic 2.00 per cent. At eighth and ninth week, quinalphos 0.05
per cent was on par with azadirachtin 0.003 per cent + karanja oil 1.00 per
cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent,
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja oil emulsion 1.00 per cent and neem seed oil 3.00 per cent +

garlic 2.00 per cent.

Analysis of the average intensity of damage based on all the
observations revealed that quinalphos 0.05 per cent was significantly
different from all treatments and found to be the superior treatment with
mean value of 5.46. Among the botanical pesticides, neem seed o1l soap
emulsion 2.00per cent + 2.00 per cent garlic + karanja oil 1.0 per cent
showed low intensity of damage of 9.03 followed by neem seed oil soap
emulsion 3.00 per cent + 2.00 per cent garlic and azadirachtin 0.03 per
cent + karanja oil 1.0 per cent. Treatments,neem seed oil scap emulsion
2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion 1.00 per cent,
neem seed oil 3.00 per cent + garlic 2.00 per cent, azadirachtin 0.003 per
cent + karanja oil 1.00 per cent and neem seed oil 2.00 per cent + garlic

2.00 per cent were on par.

4.2.4 Mcan Percentage of Spikes Damaged by Polin Bectle at

Different Intervals after Application of Treatments
4.2.4.1 At Spike Emergence Stage

The mean percentage of sptkes damaged by potlu beetle at different
intervals after application of treatments at spike emergence is given in

Table 13.

Twenty four hours alter application of (reatments, no damage was

observed in the sprayed vines except in control (2.71).
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Observations taken seventy two hours after treatment application
indicated maximum damage in control {9.65) and no damage in quinalphos
0.05 per cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja oil emulsion 1.00 per cent and neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent. The treatments, azadirachtin 0.003
per cent + karanja oil 1.00 per cent, karanja oil 2.00 per cent. neem seed
oil 3.00 per cent + garlic 2.00 per cent, clerodendron leaf and flower
extract 8.00 per cent, azadirachtin 0.004 per cent and azadirachtin 0.003

per cent were statistically on par.

The mean valuesranged from 0.71 in quinalphos 0.05 per cent to
[1.84 in control at one week after application of insecticides. Quinalphos
0.05 per cent was followed by neem seed oil 3.00 per cent + garlic 2.00
per cent and neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja o1l emulsion 1.00 per cent with mean spike damage of 1.62.
The treatments. neem seed otl 3.00 per cent + garlic 2.00 per cent. ncem
sced o1l soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil
emulsion ]1.00 per cent, karanja oil 2.00 per cent and azadirachtin 0.003
per cent + karanja oil 1.00 per cent were statisticaily on par with

quinralphos 0.05 per cent.

Maximum damage ol spikes was seen in control vines followed by
treatment clerodendron leaf and flower extract 8.00 per cent, two wecks
after spraying insecticide. Minimum spike damage was observed in
quinalphos 0.05 per cent with a mean value of 3.49, Quinalphos 0.05 per
cent was followed by neem seed oil 3.00 per cent + garlic 2.00 per cent.
neem sced oil soap emulsion 2.00 per cent + garlic 2.00 per cent -+
kKaranja oil  emulsjon 1.00 per cent, Karanja oil 2.00 per cent and

azadirachiin 0.004 per cent which were statistically on par.

Three weeks after giving dillerent insecticidal treatments, it was

observed that quinalphos 0.05 per cent treated vines rccorded minimum
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spike damage of 7.76 followed by neem seed oil soap emulsion 2.00 per
cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent and
azadirachtin 0.003 per cent + karanja oil 1.00 per cent which were on
statistically on par. The maximum percent spike damage was recorded in

control (21.78).

Observations at four, five and six weeks after spray revealed the
same trend of maximum spike damage in control and minimum in
quinalphos 0.05 per cent. The trcatments, quinalphos 0.05 per cent was
followed by neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja oil emulsion 1.00 per cent, azadirachtin 0.003 per cent +
karanja oil 1.00 per cent, karanja oil 2.0G0 per cent and neem seed o1l 3.00

per cent + garlic 2.00 per cent and there were statistically on par.

The mean of all the observations indicated that spike damage by
pollu beetle was minimum in quinalphos .05 per cent (5.83) and
maximum in control (16.03). Among the different botanicals tested, neem
01l soap emulsion 2.00 per cent + 2.00 per cent garlic + karanj oil 1.00 per
cent was the best with least value of 8.04 followed by azadirachtin 0.003
per cent + karanja oil 1.00 per cent, karanja oil 2.00 per cent and neem
sced oil 3.00 per cent + garlic 2.00 per cent. The treatments neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent, azadirachtin 0.004 per
cent and azadirachtin 0.003 per cent were on par with mean spike damage

of 10.14, 10.22, 11.15 respectively.
4.2.4.2 At Berry formation Stage

Mean percentage of spikes damaged by pollu beetle at different
intervals after application of treatments at berry formation stuage is given

in Table [4.

Twenty four hour after application of insecticides, there was no

damage on spikes on any of the trcatment vines.



Table 14, Percentage of spikes damaged by pol u beetle at different intervals

formation stage

after application of treatments at berry
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Seventy two hours after application of treatments,the maximum
damage was observed in control vines (4.89). Quinalphos .05 per cent,
neem seed oil 3.00 per cent + garlic 2.00 per cent and neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent recorded no damage on

spikes.

The percentage of spikes damaged ranged from 0.00 in quinalphos
0.05 per cent to 9.90 in control one week after application of treatments.
The neem seed oil 3.00 per cent + garlic 2.00 per cent, neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent and neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent had a mean value of 1.62 per cent and the lreatments were on par

with quinalphos 0.05 per cent,

The highest damage on spikes was recorded on control vines {1].84)
and least in quinalphos 0.05 per cent (0.71) at two weeks after application
of treatment sprays. Among the botanicals, neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent and neem seed oil 3.00 per cent +
garlic 2.00 per cent (1.62) were followed by azadirachtin 0,003 per cent +
karanja otl 1.00 per cent and neem seed o1l soap emulsion 2.00 per cent +

garlic 2.00 per cent + karanja oil emulsion 1.00 per cent (3.00).

Three weeks after insecticide application, control recorded maximum
damage of 15.88 and quinalphos 0.05 per cent (2.27). the minimum.
Quinalphos 0.05 per cent was followed by neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent, neem seed oil 3.00 per cent + garlic
2.00 per cent, neem sced oil soap emulsion 2,00 per cent + garlic 2.00 per
cent + karanja oil emulsion 1.00 per cent and azadirachtin 0.003 per cent.
with mean values of 3.49, 349, 585 and 5.85 respectively and were

statistically on par.

The same trend was observed four weeks after treatment application.

Quinalphos 0.05 per cent. neem seed oil soap emulsion 2.00 per cent
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garlic 2.00 per cent, neem seed oil 3.00 per cent + garlic 2.00 per cent,
azadirachtin 0.003 pér cent + karanja oil 1.00 per cent and neem seed otl
soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion
1.00 per cent were found to be on par. Azadirachtin 0.003 per cent,
azadirachtin 0.004 per cent, karanja oil 2.00 per cent and clerodendron

leaf and flower extract 8.00 per cent were also statistically on par.

At the fifth, sixth, seventh, eighth and ninth week after application
of insecticides also, control recorded the maximum and quinalphos 0.05
per cent the minimum spike damage. The treatments, quinaiphos 0.05 per
cent, neem seed oil 3.00 per cent + garlic 2.00 per cent, azadirachtin 0.003
per cent + karanja oil 1.00 per cent and neem seed oil soap emuision 2.00

per cent + garlic 2.00 per cent were statistically on par among themselves.

The mean values of all the observations on spike damage by pollu
beetle at berry maturation revealed maximum spike damage in control
(16.32) and minimum in quinaiphos 0.05 per cent with 3.16 per cent
damage. The second best treatment was neem seed oil soap emulsion 3.00
per cent + 2.00 per cent garlic (4.6.8 per cent) followed by neem seed oil
soap emulsion per cent + 2.00 per cent garlic (5.28 per cent) and were on
par. The treatments, azadirachtin 0.003 per cent + karanja oil 1.00 per
cent, neem secd oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja o1l emuision 1.00 per cent and azadirachtin 0.004 per cent were on

par.
4.2.4.3 At Berry maturation Stage

Table 15 gives the mean percentage of spikes damaged by pollu
beetle at different intervals after application of trcatments at berry

maturation stage.

Twenty four hours after application of treatments. there was no

damage 1n any of the treatment vines including control.



Table 15, Pereentage of spikes damaged by pollu beetle at different interyals atter application of treatments at berry
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Seventy two hours of insecticidal application, there was no damage
on spikes of vines receiving neem seed oil 3.00 per cent + garlic 2.00 per
cent and quinalphos 0.05 per cent. Control recorded maximum damage of
4.89. Treatments quinalphos 0.05 per cent, neem seed oil 3.00 per cent +
garlic 2.00 per cent, T3, neem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent, azadirachtin 0.003 per cent, neem seed oil soap
emulsion 2.00 per cént + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent, azadirachtin 0.003 per cent + karanja oil 1.00 per cent and

karanja oil 2.00 per cent were statistically on par.

The percentage of spike damage ranged from 0.71 in quinalphos 0.05
per cent to 9.91 in control, when obscrvations were taken one week afler
application of insecticides. The treatments, quinalphos (.05 per cent,
ncem seed oil 3.00 per cent + garlic 2.00 per cent, neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja otl c¢mulsion 1.00
per cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent

and azadirachtin 0.003 per cent + karanja oil 1.00 per cent were on par.

Observations taken two weeks after application of different
treatments revealed minimum damage in quinalphos 0.05 per cent (2.71)
followed by azadirachtin 0.003 per cent + karanja oi! 1.00 per cent. neem
seed o1l 3.00 per cent + garlic 2.00 per cent, neem seed oil soap emulision
2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent.
karanja oil 2.00 per cent, azadirachtin 0.003 per cent, azadirachtin 0.004
per cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent.

These treatments were statistically on par.

Three weeks after application of treatments, the control vines
showed the maximum spike damage of 991 and minimum was in
gquinalphos 0,05 per cent and azadirachtin 0.003 per cent + karanja oil 1.00
per cent with mean percentage damage of 4.00. It was followed by neem
seed o1l 3.00 per cent + garlic 2.00 per cent. neem seed oil soap emulsion

2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent,
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karanja oil 2.00 per cent, azadirachtin 0.003 per cent, azadirachtin 0.004
per cent and neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per

cent and were statistically on par.

Four weeks after application of insecticides, the minimum spike
damage of 8.00 per cent was in quinalphos 0.05 per cent whereas control
recorded the maximum spike damage of 13.93 per cent. Quinalphos 0.05
per cent was followed by neem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent + karanja oil emulsion 1.00 per cent, azadirachtin
0.003 per cent + karanja oil 1.00 per cent, azadirachtin 0.004 per cent,
neem seed oil scap emulsion 2.00 per cent + garlic 2.00 per cent. neem
seed o1l 3.00 per cent + garlic 2.00 per cent, karanja oil 2.00 per cent and

azadirachtin 0.003 per cent and was found to be on par.

(Observations taken at fifth, sixth, seventh and eighth week alter
insecticide application showed the same trend in maximum and minimum
damage. There was no significant difference between any of the
treatments except control till the eighth week. During ninth week all the

treatments were on par including control.

The overall percentage of spike damage based on all observations at
berry formation stage was the maximum damage in control (14.81) and the
Icast in quinalphos 0.05 per cent {(7.95). Quinalphos 0.05 per cent was
followed by neem seed oil 3.00 per cent + garlic 2.00 per cent, neem seed
oil soap emulsion 2,00 per cent + garlic 2.00 per cent, neem seed oil soap
cmulsion 2.00 per cent + garlic 2.00 per cent + karanja oil cmulsion 1.00
per cent and azadirachtin 0.004 per cent with a mean values of 8.04, 9.05.
9.60 an 9.81 respectively. Quinalphos 0.05 per cent was on par with neem
seed oil 3.00 per cent + garlic 2,00 per cent and necm sced oil soap
emulsion 2.00 per cent + garlic 2.00 per cent. Among the botanicals.
clerodendren leaf and flower extract 8.00 per cent recorded highest spike

damage of 12.67 percent.
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4.2.5 Mean Percentage of Berries Damaged by Pollu Beetle at

Different Intervals after Application of Treatments
4.2.5.1 At Berry Formafion Stage

The mean percentage of berries damaged by pollu beetle at different
intervals after application of treatments at berry formation stage are given

in Table 16.

Twenty four hours after application of treatments, no damage was

observed 1n any of the treated as well as in control vines.

Scventy two hours after treatment application, maximum damage
was seen in control (0.27) and no damage was observed in quinalphos 0.05
per cent and neem seed oil 3.00 per cent + garlic 2.00 per cent. It was
followed by neem sced oil soap emulsion 2.00 per cent + garlic 2.00 per
cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent ~
karanja oil  emulsion 1.00 per cent, azadirachtin 0.004 per cent
azadirachtin 0.003 per cent and azadirachtin ¢.003 per cent + karanja oil
1.00 per cent. There was no significant difference between any of the

treatments.

One weck after insecticide application revecaled that control vines
recorded the maximum berry damage of 1.25 and no damage was scen in
quinalphos 0.05 per cent treated vines. The trcatments, neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent, necem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emuision 1.00
per cent, neem seed oil 3.00 per cent + garlic 2.00 per cent, azadirachtin
0.003 per cent + karanja oil 1.00 per cent, azadirachtin 0.003 per cent and
azadirachtin 0.004 per cent were found statistically on par with quinaiphos

0.05 per cent.



Table 16. Percentage of berries damaged by pollu beetle at different intervals after application of trecatments at berry

Treatment
Neem seed oil soap -
emulsion 3.00 pet cent |
2:00 per cent garlic
Neem seed oil soap
emulsion 2.00 per cent
2.00 per cent garlic

Azadirachtin 0.004 per cemt !
Azadirachtin 0.003 per | _
cent

Clerodendron leaf and flower ? -
extract 8.00 per cent

‘Karanja otl emulsion 2.00 | ,
per cent !

Neem seed oil soap
emulsion 2.00 per cent - -
2.00 per cent garlic — .00
per cent karanja oil _
Azadirachtin 0.003 per
cent + karanja oil
emulsion 1.00 per cent

‘Quinalphos 0.03 per cent

Contral

formation stage
ZHHAS

(_'l)~1rcalmcm.§-;L.t_-_"‘\”-ij . (}-. PA4F O -Noan at 3%, 0 0.042% . CD-intervals at 3%, 1) (J—l.‘.;'

Figures in parentheses denote s v -

I oramsformed values. HAS- Hours atter spraving. W

7 HAS! TWAS [ 2WAS [ 3WAS | 4WAS | SWAS 6 WAS | TWAS | 8WAS | 9WAS | Mean
0.00 1 0.2 0.17 0.30 0.39 0.60 0.77 1.26 1.26 | 460 (.59
{1.00)’ i A0o)™ | (Lo8y | (™ [ aas 20 | 3™ | (500" (L3051 T orasyt 026"
BOS 002 0.07 0.32 1.8 070 | 0.8 1.38 .43 .38 0.63
L)t L Oon™ | o)t | sy | 9" 30" | 360 | (LS4 | ase)” | el 28" |
0.07 | 0.9 0.47 0.59 (.63 0.80 1.20 1.67 .75 1.84 0.87
SOHT 0™ | (121" | (126" (028" (134 | (148 | (1.63)° | (1.66)" | (169" (1.37) |
0.10 0.20 0.34 086 . 086 : 095 112 .44 167 1.8 0.89
SO L™ | (6" | (1360)™ (136" 5 11.40)° | (1.46)° | (1.56)° | (1.63)" | 11.69)"  (1.38) |
. 0.30 0.37 0.47 050 110 . 139 2.10 2.35 2.47 2A2 1.27
' | og2nt boa2s)t b aas)” L ass)® | (.76 | (183 | (1.86)° | (1881 (1.51)
017 0.30 0.32 0.90 0.67 1.03 1.67 1.97 2.02 Ca2 104
OSY (™ | syt | s (129" j_;1_42)“ (1.63)° | (1720 [ (1749 | (.70™  (1.43)
0.05 0.07 0.27 0.49 0.40 0.57 0.92 1.29 141 174 0.68
(RO [ (Lo ™ | (113)? (1.22)" ;’ 8™ 125y | (39 | (sD™ | (55 | (6™ (130"
D10 017 0.21 0.37 ' 0.65 0.83 117 127 1.47 137 0.74
_:_1__(_-.5__._55g@f_ (LIt | r (28" e LA™ Ldsn™ | asn™ L aen™ Qa2
Boo 000 0.07 017 07 041 0.69 | 102 114 |2 046
SO oY (1.04)] CLOBY' _bohosy ol 19y 1 (1.30)" - (142) | 146y F ool 4oy B2
0.27 125 1.34 1.74 . 2 077 410 473 2o 239
CHINL30) (A3 ] (le6) L (18Sh 202 (207 (22600 | 239 24t (1901

Weeks alter spraving, “Signilicant at & per cent level

%
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The percentage damage ranged from 0.07 in quinalphos 0.05 per cent
tol.34 in control and neem seed oil soap emulsion 2.00 per cent + garlic
2.00 per cent at two weeks after insecticide spray. Neem seed o1l 3.00 per
cent + garlic 2.00 per cent, azadirachtin 0.003 per cent + karanja o1l 1.00
per cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent
+ karanja oil emulsion 1.00 per cent, karanja oil 2.00 per cent and
azadirachtin 0.003 per cent were on par with neem seed oil socap emulsion

2.00 per cent + garlic 2.00 per cent and quinalphos 0.05 per cent.

The highest berry damage by pollu beetle was recorded in control
(1.74) and least in quinalphos 0.05 per cent (0.17) at three weeks after
treatment application. Quinalphos 0.05 per cent was followed by neem
seed oil 3.00 per cent + garlic 2.00 per cent, neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent, and azadirachtin 0.003 per cent +

karanja oil 1.00 per cent and were statistically on par.

At four weeks after treatment spray, the maximum berry damage was
observed 1n control and minimum in quinalphos 0.05 per cent. Among the
common plant products tested, neem seed oil 3.00 per cent + garlic 2.00
per cent was the best with mean of 0.39 followed by neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emuision 1.00
per cent azadirachtin 0.004 per cent with mean berry damage of 0.40 and

0.65 respectively.

Five, six, seven, eight and nine weeks after insecticide application.
control vines recorded maximum damage and quinalphos 0.05 per cent the
minimum. Quinalphos 0.05 per cent was followed by neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent, neem sced oil 3.00 per cent + garlic 2.00 per cent. neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent and azadirachtin 0.003
per cent + karanja oil 1.00 per cent and they all were on par with one

another.
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The mean of all the observations taken after application of
treatments at berry formation stage indicated highest mean berry damage
of 2.59 in control vines and least damage in quinalphos 0.05 per cent
treated vines. The treatments, neem seed oil soap emulsion 3.00 per cent
+ garlic 2.00 percent was found to be superior among botanicals with
mean damage of 0.59 followed by neem seed oil soap emulsion 2.00 per
cent + garlic 2.00 per cent (0.63). Treatments neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion 1.00
per cent azadirachtin 0.004 per cent and azadirachtin 0.003 per cent

recorded mean berry damage of 0.68, 0.87 and 0.89 respectively.
4.2.5.2 At Berry Maturation Stage

Mean percentage of berries damaged by pollu beetle at different
intervals after application of different treatments at berry formation stage

is given in Table 17.

Twenty four hours after spray, pollu beetie damage was not observed

on the berries of the treatment and control vines.

Sevenly two hours after application of treaiments, the damage
percentage ranged from 0.00 in quinalphos 0.05 per cent to 0.27 in

control. All the treatments were statistically on par.

Observations taken one week alter treatment application revealed
that the maximum damage to berries was seen 1n control (0.46) and
minimun in quinalphos 0.05 per cent {0.05). Quinalphos 0.05 per cent was
followed by neem seed oil 3.00 per cent + gariic 2.00 per cent, neem seced
otl soap cmulsion 2.00 per cent + garlic 2.00 per cent + karanja oil
emulsion 1.00 per cent, neem seed otl scap emulsion 2.00 per cent + gurlic
2.00 per cent. azadirachtin (0003 per cent, azadirachtuin 0.003 per cent +
karanja otl 1.00 per cent, azadirachtin 0.004 per cent and karanja oil 2.00

per cent and they were statistically on par.



Table 17. Percentage of berries damaged by pollu beetle at different intervals after application of treatments at berry

maturation slage L

T Freament 24HAS |72HAS| T WAS [ JWAS  IWAS 4 WAS S WAS | 6WAS 7WAS | §WAS | 9WAS | Mean
Neem seed oil ~oup Q 0.00 0.05 0.19 0.32 0.535 . 0.53 0.80 ' 1.39 .70 212 0.72
iemulsion 3 .00 percent - | _
2.00 per cent garlic Lo | (102" g 109" (1.15) 24y |24y (30" [ (el wboedy - (L77) | (131
Neem secd oil woap 0.05 | 0.14 0.19 031 040 0.70 1.02 121 167 2.20 0.73
emulsion 2.00 per cem -
2.00 per cent gurlic (.02 [ (Lo7)™ [ (109 ™ (135" D a8)™ [ (130)™ | (La2y™ | (149" clohy (179 (1.32)"
Azadirachtin 0.004 per 0.08 0.24 0.39 0.55 1 062 0.72 110 | 1.69 197 . 221 0.90
cent 3 (IOE):I {l.lz)nh {l.]g)nh {_1_34} ' []2?] .'|I1.“-(_1..3I]i!l1 (t'45).1h (1.64]:111 ’ (.--I.:_—?;]\l.l\ i (1‘82).1[: (138}b
Azadirachtin 0 003 pey 0.08 |. 0.20 0.23 0.52 077 0.92 112 1.72 1o | 2.44 0.93
. B L0 [ L™ [ ca™ (23" | (033 [ (39 [ (1.46)™ [ (.65 (172" (1.85)" | (1.39)°
Clerodendron leutand 014 0.40 0.50 0.65 .12 1.54 1.94 2.47 247 289 1.30
Mlower extract B0 per cent (LO7)" | (118)" | (1.22)"  ¢1.28)" | (1.46)" | (1.59)° | (17" | (1.80)" | (1.86)" | (1.97)" | (1.52)
Karanja oil cioulsion 0.09 ¢.32 0.42 0.52 | 0.77 .12 1.64 1.94 I 207 2.86 1.10
2.00 per cent o JOL63)" | (115) ™ [ (1.92)™  (1.23)" L3N | (146) | (1.62)° | (1.72)" | (1.78)" | (1.97)" | (1.45)
Neem seed oil soap | ‘ :
emulsion 2.0 per cent - 0.48 0.14 | 0.19 0.32 | 062 0.74 [.23 125 1 142 2.02 0.74
200 per cent garhc - 1.00 102)M [ (1.67) ™ (109 ™ (LS L r 27y L (132) | (1.46)™ | (1300 § o sert | (174 | (1.32)°
r cent karanja ol | : |
Azadirachtin U.003 per ©0.08 0.20 0.24 0.35 1 0.62 112 1.48 |33 2.00 2,16 0.91
cent - Kkaranja ol i ; | |
emulsion | 00 percent P02y [ Loy s eyt (.27 L (146)° ©(1.38)"  (1.60)" 11 me)" 2 (1.78)" | (1.38)"
Ouinalphos 0,05 por cont 000 | p0s 014 030+ 042 0.57 I 00* 127 Lso 270 168
LLQLO0 T o2y ™ (LTt g 19y 25 (4D (LS ey L 1.76)T | e1.29)
- ontrol 027 046 1.63 107 228 307, 361 470 Sob 6.23 | 255
_tE2ET (2T Ay e 8Dy 20 (215 (239 (25 2.69)  (1.88)

CD-treatments a1 3o 0 1425, CD-Mean .(I-[_:;Uu SO0 F U Domtervals al A0 0 0L045F

Figures m parentheses domete v 8 - b ranstonmed vabues, W AS

Woevhs alter spraying. ¥Significant at 3 per cent level
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The maximum berry damage by pollu beetle was recorded in control
(1.03) and minimum in quinalphos 0.05 per cent (0.14) two weeks after
treatment application. Quinalphos (.05 per cent was followed by neem seed
o1l soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil emulsion
1.00 per cent, neem seed oil soap emulsion 2.00 per cent + garhic 2.00 per
cent, neem seed oil 3.00 per cent + garlic 2.00 per cent, azadirachtin 0.003
per cent + karanja oil 1.00 per cent, azadirachtin 0.003 per cent, azadirachtin

0.004 per cent and karanja oil 2.00 per cent and were on par.

The percentage of berries infested by pollu beetle ranged from 0.30
in quinalphos 0.05 per cent to 1.07 in control at three wecks after
insecticide application. There was no significant difference between
damage in the treatment vines except clerodendron leaf and tlower extract

8.00 per cent and control.

At four weeks after insecticide application, the highest damage of
2.28 per cent was in control vines and least damage of 0.40 in ncem oil
2.00 per cent + garlic 2.00 per cent treated vines. Neem seed o1l soap
emulsion 2.00 per cent + garlic 2.00 per cent was followed by quinalphos
(.05 per cent, neem seed oil 3.00 per cent + garlic 2.00 per cent
azadirachtin 0.003 per cent + karanja oil 1.00 per cent, neem sced o1l soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion .00 per

cent and azadirachtin 0.004 per cent and were found statistically on par.

During fifth and sixth weeks after insecticide application control
vines exhibited maximum berry damage and neem seed oil soap emulsion
3.00 per cent + 2 .00 per cent garlic, the minimum damage ot 0.55 and
0.85 respectively. Neem seed oil 3.00 per cent + garlic 2.00 per cent was
followed by quinalphos 0.05 per cent, neem sced oil soap emulsion 2.00
per cent + garlic 2.00 per cent, azadirachtin 0.004 per cent and neem seed
oil soap cmulsion 2.00 per cent + garlic 2.00 per cent + karanja oil

emulsion 1.00 per cent and they were on par.
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Seven, eight and nine weeks after treatment application, control
recorded maximum damage and neem seed oil soap emulsion 2.00 per cent
+ garlic 2.00 per cent + karanja oil emulsion 1.00 per cent recorded the
minimum damage. neem seed oil soap emulsion 2.00 per cent + garlic
2.00 per cent + karanja oil emulsion 1.00 per cent was followed by
quinalphos 0.05 per cent, neem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent, neem seed o1l 3.00 per cent + garlic 2.00 per cent and

azadirachtin 0.004 per cent.

The mean of all the observations taken during the berry formation
period on the berry damage by pollu beetle was worked out. The highest
damage was seen in the control vines with a mean of 2.33 and least in
quinalphos G.05 per cent treated vines. Among the botanicals, neem seed
oil soap cmulsion 3 per cent + 2.00 per cent garlic was the best (0.72)
followed by neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per
cent and neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent
+ karanja oil emulsion 1.00 per cent with mean damage of 0.73 and .74
respectively. The treatments, quinalphos 0.05 per cent, neem sced oil 3.00
per cent + garlic 2.00 per cent, neem seed oil scap emulsion 2.00 per cent
+ garlic 2.00 per cent and necm seed oil soap emulsion 2.00 per cent +
gariic 2.00 per cent + karanja oil emulsion 1.00 per cent were on par.
Also trecatments azadirachtin 0.004 per cent, azadirachtin 0.003 per cent +

karanja oil 1.00 per cent and azadirachtin 0.003 per cent were on par.

4.2.6 Percentage of Leaves Damaged by Leaf Gall Thrips at Different

Intervals after Application of Treatments
4.2.6.1 At Spike Emergence Stage

Twenty four hours after spray application, no damage was seen in
any of the treatments, Table 18,
At sevenly two hours, the mean percentage of lcaves damaged in

control was 0.66 and there was no damage in vines receiving neewm sced



Table 18 Percentae
cmergenee stage

> of leaves damaged by leaf gall thrips ot dilferent intervals

after application of treatments at spike

¥Sianificant at < per cont level

Lreatment- T24HAS] 72HAS | 1wAS  2WAS | IWAS | 4WAS | SWAS 6 WAS _ Mean |
Neem seed oil soap emul-1on ‘(){] per B} 0.00 ‘ |08 | O8 355 755 441 813 245 _
cent = 200 per cent zarh o (1.00¥ I‘__l__l.j.-.h (14 b (188" (1.88)" 233 (G o2y { IR&}_"’ ,
Neem seed vil soap emul 1on 2 UU per ! - (.00 285 A5 440 4.4 ! Q.74 9 74 421
cent 200 per cent garl L0 s rssyt o233 | 233 L asrt Gosy | (228
Azadirachtin (1004 per com _ i 2:33 ; 3.60 266 813 8.13 8.13 | h.13 | | 847 .
e s (1.88)" | {2.58y | (258 (3.02) (3.02)" (3.02)" (3.02)" (2.73)
Azadirachtin 0.003 per cent i - 1.08 . 3537 : 3.57 q,ﬁf)b 8,13. 8.13 | 813 ] 5.i6d
- (1:44)° (214" (200" | (2.58) (3.02)" (.02 3.0y (2.48)
Clerodendron leatand Nower vt 8.00 - _ 2.55 8. 54 8.54 11.47 11.47 i2.92 1292 9.41
percent | (1.88)" (3.09) (3.09) | (3.53) (3.53) : (5.713 (3.73) (3.23)
Karanja oil emulsion 2.00 percent | ) 1.08 3.57 357 | 8.13 9‘?4_ I 1‘4? b '47_ 6.43
| ; (1.44)° (214" (2.14)" (3.02) | (3.28)"™ | (3.53y" | (3. | (2.73)
i o o D ! I :
e g'tllsf:“p[ e];ﬁ’-lt’“ | ‘U::(:)Ef o 0.00 0.00 .08 255 1 255 441 666 2.09
£ AR a - 4 E ah ah a 3 3y : LR : ah
karanjaoil (1.00) (I.l.)_{i_}_._ (a7 | ___(I 88) (1.88) (2.33) : (277} {1.76)
A/ddlraLhnn (. U()s pervent - karanja - 0.00 108 1.08 2.55 4.41 ! 6.66 ' 6.06 2.79
Sl_l emulsion B(_Ez_ur i " (1.00)° (144" (144 ]i.h_ | (1'8.8).;?‘ e 33y (2.77 }_.h (277 m_ 1| ._.(,IA_‘()_j):__
: i
o R R O [ (1.00)  1.34)” 1144y (2.88)° (233" (28 JoAl63ra
Control - i 6.66 : 11.47 [ 13.51 16.50 2129 2129 : [4.50
L A T S SR Pt B S 0 () S C 7 ) N G C O EUT G SL) I UL DI
CD-treatments at 2% 1 0945 CD-Mean at 300 - 04147 CD-imervals o 8% 0 03467
Figures in parentheses denote v v+ 1 transtformed values. HAS-Hours after spraving - WAS  Weeks afler spraving,

t%
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oil 3.00 per cent + garlic 2.00 per cent, neem seed o1l soap emulsion 2.00
per cent + garlic 2.00 per cent, neem seed oil soap emulsion 2.00 per cent
+ garlic 2.00 per cent + karanja #il emulsion 1.00 per cent, azadirachtin
0.003 per cent + karanja oil 1.00 per cent and quinalphos 0.05 per cent

treatments.

No damage on leaves was observed in quinalphos 0.05 per cent and
neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent +
karanja oil emulsion 1.00 per cent one week after application of
treatments. Control vines recorded leaf damage of 11.47 per cent. The
treatments quinalphos 0.05 per cent, neem seed oil soap emulsion 2.00 per
cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent
azadirachtin 0.003 per cent + karanja o1l 1.00 per cent, neem seed oil 3.00
per cent + garlic 2.00 per cent and neem seed oil soap emulsion 2.00 per

cent + garlic 2.00 per cent were on par.

Obscrvations taken two weeks after application of insecticides
recorded maximum leaf damage of 11.47 in contro! and no damage in
quinalphos 0.05 per cent. Quinalphos 0.05 per cent was followed by neem
seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent + karama o1l
emulsion 1.00 per cent, azadirachtin 0.003 per cent + karanja o1l 1.00 per
cent, neem sced oil 3.00 per cent + garlic 2.00 per cent, neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent, karanja o1l 2.00 per
cent and azadirachtin 0.003 per cent. There was no signiﬁcant difference
between control, clerodendron leaf and flower extract 8.00 per cent and

azadirachtin 0.004 per cent.

Maximum damage of 15.51 per cent was secn in the control vines
and minimum of 1.08 in quinalphes 0.05 per cent at three weeks after
insecticide spray.  Treatment quinalphos 0.05 per cent was followed hy
azadirachtin 0.003 per cent + karanja oil 1.00 per cent, neem seed oil soap

emulsion 2.00 per cent + garlic 2.00 per cent + karanja otl emulsion 1 .00
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per cent, neem seed oil 3.00 per cent + garlic 2.00 per cent and neem seed
oil soap emulsion 2.00 per cent + garlic 2.00 per cent and were on par.
There was no significant difference between control and clerodendron leaf

and flower extract 8.00 per cent.

During the fourth fifth and sixth week after application of
treatments, quinalphos 0.05 per cent, neem seed oil soap emulsion 2.00
per cent + garlic 2.00 per cent + karanja oil emulsion 1.00 per cent and
neem seed oil 3.00 per cent + garlic 2.00 per cent recorded the minimum
leaf damage by thrips whereas the maximum damage was in the control
vines. The treatments, azadirachtin 0.003 per cent + karanja oil 1.00 per
cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent,
azadirachtin 0.003 per cent, azadirachtin 0.004 per cent and karanja oil

2.00 per cent were statistically on par.

The average leaf damage based on all the observations was the
minimum {1.66) in quinalphos 0.05 per cent treated vines and maximum
(14.50) in control. Quinalphos 0.05 per cent was followed by neem oil
soap emulsion 2.00 per cent + garlic 2.00 per cent + karanj oil 1.00 per
cent (2.09) and neem oil soap emulsion 3.00 per cent + garlic 2.0 per
cent (2.45) and they were on par with quinalphos 0.05 per cent
Azadirachtin 0.003 per cent + karanja oil 1.00 per cent, neem seed oil
soap emulsion 2.00 per cent + garlic 2.00 per cent, azadirachtin 0.003 per
cent and karanja oil 2.00 per cent showed mean damage ot 2.79, 4.20. 3.16

and 6.43 respectively.
4.2.6.2 At Berry Formation Stage

Twenty tour hours after application of treatments. leaf gall thrips

damage was not observed in any of the treatment \f'incs‘(l“ablc ]9) :

Seventy two hours after application of trecatments. maximum damage

of 4.40 was observed in control vines and there was no leat damage in



Table 19. Percentage of leaves damaged by
formation stage

leaf gall thrips at different intervals after application of trecatments at berry

~ Treatment Datas [72nas! 1was [ 2was [ 3 WAS | 4WAS S WAS | 6 WAS | 7WAS | 8 WAS | 9WAS  Mean
Neem seed oil soap - D00 0.0 0.00 2.55 441 U 8.13 [1.08 | 11.08 : 1444 449
emulsion 3.00 per cent - : !
2.00 per cent garlic (hom' ooy (100" (1.88)" . (233) (733 [ (3.62)" | (348" | (348)" | (393 (234
Neem seed oil soap ; Dot b oo 0.00 255 235 158 .38 11.08 | 11.08 | 14.88 430
emulsion 2.00 per cent ! |
2.00 per cent garlic Lm0t 00" | (1.88)" | (1.88)" | (1)t [ ¢3.22)Y L (348)7 | (3.48)" | (3.98) (230"
Acadirachtin 0.004 per - | 08 ' .08 2.55 2.55 2.35 253 3.66 9.74 9.74 17.95 4.72
cent (" 4™ | (1.88)° | (1.88)" | (1.88)" | (1.88)" . 12.38)" | (3.28)" | (3.28)" & (4.35)" (239"
: ! e I LSRR A R SR
:Azadirachtin 0.003 per . |18 2.3 2.55 . 2.55 2,55 4.41 4.41 9.74 9.74 1943 510
cent LA 188" | (1.88)" | (1.88)" | (1.88)" | (23311 1(2.33)" | (3.28)" | (3.28)° | (451" (247"
Clerodendron leafand - 2 N 3.57 8.13 .13 815 9.74 12.92 14.88 21.58 §.44
flower extract 8.00 per cent (%) 088) | (2.04) | (3.02) (302 (3023 | 3.28)" [ (3.73)7 | (3.98)7 | (4757 (3.07y
Kﬂrann oil emulsion = . P8 1.08 2.53 3.57 3.37 - 5.66 7.04 8.54 147 19.73 5.57
200 per cemt L ) U8 2 @ S8t 283" [ (G.09)" | (353" | 355" 256y
Neam seed oil soap ' !
cmudsion 2.00 pereent — . 0.00 0.00 0.00 1.08 | 1.08 1.08 3.57 7.04 12.92 | 16.5) 3.07
200 per cent garlic - 1.00 CLOM om0 L (14)t L (144)7 L lddhyt 2 | (2830 [ (373" | (dagyt (2.0
Iper cent karanja oil ' I S o o .
‘Azadirachtin 0.003 per 0.00 1.08 1.08 188 | 188 3.57 5.66 11.08 | 14.88 | 19.73 3.76
icent = karanja oil :
emulsion 1.00 per cent (ot bt (LAY (L7070 DI 2t 258 [ (348 | (3.98)T [ (455t (24
()lli]'liiiph()f‘i .05 per cent. {00 (b A . .00 . 255 . 255 . . 2R 44 5.66 . 9.74 18.21 3,50 |
‘f SO0 b omyt (hom " (188) U881 8K 12357 | (2.88)" 1 (328 | (438 (2"
Control - 44 813 813 1147 1147 1488 16.51 17.93 17.95 | 2322 12 8o
o o SRy Ry (3.02y (3830 . (333 (398) (8 L (435) | b3Sy odey 1Ty
CD-treatiments at 3% 0 LESE*CTY Mean a2 0.365% CD-intervals a1 3% - 0 363°
Pivures in parentheses denote o X - 1 rmstormed values, ITAS-Flours afier spraying W AS  Woeks atter spraving. #Significant at S per cont level
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neem seed oil 3.00 per cent + garlic 2.00 per cent, neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent, neem seed oil soap emulsion
2.00 per cent + garlic 2.00 per cent + karanja otl emulsion .00 per cent,
azadirachtin 0.003 per cent + karanja oil 1,00 per cent and quinalphos 0.03
per cent. Among the botanicals, maximum damage was recorded in

Clerodendron leaf and flower extract 8.00 per cent (2.55).

Observations taken one week after treatment application revealed
that maximum damage of 813 in control vines and damage was not
observed in neem seed oil 3.00 per cent + garlic 2.00 per cent, neem secd
oil soap emulsion 2.00 per cent + garlic 2.00 per cent, neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l emuision 1.00
per cent and quinalphos 0.05 per cent treated vines. The same trend was

observed two weeks after application of treatments.

During the third and fourth week after spray, the maximum leaf
damage of 11.47 was observed in the contro] vines and minimum damage
in neem seed oil scap emulsion 2.00 per cent + garlic 2.00 per cent
karanja oil emulsion 1.00 per cent (1.08) treatments neem seed oil soap
emulsion 2.00 per cent + garlic 2.00 per cent + karanja o1l emulsion 1.00
per cent, azadirachtin 0.003 per cent + karanmja oil 1.00 per cent,
quinalphos 0.05 per cent, azadirachtin 0.003 per cent, azadirachtin 0.004
per cent, neem seed oil soap emulsion 2.00 per cent + garlic 2.00 per cent,
neem seed oil 3.00 per cent + garlic 2.00 per cent and karanja oil 2.00 per

cent were on par among themselves.

During the fifth and sixth weeks after treatment application also. the
same trend was observed in maximum and minimum damage. The
treatments,  quinalphos 0.05 per ceat, azadirachtin 0.004 per cent
azadirachtin ¢.0603 per cent + karanja o1l 1.00 per cent, azadirachtin 0.004
per cent, azadirachtin 0,003 per cent. neem sced o1l 3.00 per cent - garlic

2.00 per cent and karanja oil 2.00 per cent were found statistically on par.
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Observation taken during seventh, eighth week recorded maximum
damage in control and minimum quinalphos 0.05 per cent. All the

treatments were found to be on par except control.

Pooled mean leaf damage by leaf gall thrips at berry formation stage was
the maximum in control vines (12.86). Neem oil soap emulsion 2.00 per cent +
garlic 2 per cent + karanja 11 per cent had the minimum damage of 3.06.
Quinalphos 0.05 per cent (3.50) was the next best treatment. Quinalphos 0.05
per cent was followed by neem seed oil soap emulsion 2.00 per cent + garlic
2.00 per cent and neem seed oil 3.00 per cent + garlic 2.00 per cent with mean

leaf damage values of 4.31 and 4.49 respectively.
4.2.6.3 At Berry Maturation Stage
The results are presented in Table 20.

The observations taken at 24 hours, 72 hours, one week, two wecks,
three weecks and four weeks after spraying revealed no damage by the leaf

by gall thrips was recorded in the treatment and control vines.

Five weeks after spraying, the maximum damage was observed in
control (9.74) and no damage was observed in ncem sced oil 3.00 per cent
+ garlic 2.00 per cent and quinalphos 0.05 per cent followed by neem seed
0il soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil
emulsion 1.00 per cent and azadirachtin 0.003 per cent + karanja oil .00

per cent with mean percentage leaf damage of 1.08 and 1.88 respectively.

At six weeks after application of treatments, the highest leaf damage
was recorded in control (13.33) and minimuwm in neem sced ail 3.00 per
cent + garlic 2.00 per cent, neem seed otl soap emulsion 2.00 per cent !
garlic 2.00 per cent + karanja oil emulsion 1.00 per cent and quinaiphos
0.05 per cent with a damage of 1.08 followed by azadirachun 0.003 per

cent + Karanja o1l 1.00 per cent and karanja o1l 2.00 per cent.



Table 20, Percentage of leaves damaged by leal gall thrips at different intervals after application of treatments at berry
maturation stage

¢b

o I'reatments L awas swas [ o wAs | 7was §WAS . 9 WAS Mean
Neent seed oil soap emulsion 3.00 per - 0,04 1.08 " 253 285 4.41 1.91
Gt - 240 per cent garlic L 11eny” (1.44)° (.88  (1.8K)7 (233" ¢ 7y’
N cen seed oil soap emulsion 2.00 per . f 1S5 357 3.57 3 66 13 3.5
ot 208 percent garlie | 188y 2.14)° (2.14) " (2.58)° (3.02)° (2.35)"
Avaditachtin . 004 per cent . 285 . : 3.57 3.98 I 704 9.74 _ 5.02
' 188y (2.14° (2.14)" (2857 (3.28)° (2.45)
wvradirachun 0.003 per cent ) 357 _ 3.57. 5.66 813 _ . 9.74 _ 5.92
' A (214 2y o oessyt o Gent o (3.28)° (2.63)"
éL'lcmd::ndmn ket and Nower extract 8.00 per - 338 73 9 74 : 9 7 14.88 208
oo 3 o GO | @23nt 32 LoGesy 0 (3.98)° (3.01)
IKaranja il emulsion 2.00 per cent i AR 233 | A1 _ T 00 _ . H-a7 4'96] d
Lo o 1. 11887 (.88)" | (2.33)" | Q229" | 3.53)° (2.44)7
!l—\cem seed oil soap emulsion 2.00 per cent | 5 <x 4 } 2 74
= 200 per cent garlic ~ 1.00 per cent i 08 . 1.08 , 202 \ T :"_66 ) T
ikaranja ol __{.I.-'H) {1.44) (1.88)° RIS (2.38} (104"
1A zadirachtin 0.003 per cent + Karanja } | 8% 1.8% 3.57 38T 5,66 3.20
il emulson .00 per cent (1.70) ¢ (1.70)* (2.14)° (2143 (2.38)° (2.05)
'Ounalphos 0.03 per cent i ) t.00 1.08 2.5% : 44 6.60 2.53
S crooyt o p o ran” (1L88)" i3 27N A188)T
Contral . o ud 1333 0 des 19Ty L 2322 | 167
¢ 328} {(3.7%) , (4.183 EERERNE (4.92) : i+ 14

CD-treanmentis at 3%, £.399% CD-Mean at 3% - 06255 CD-intervals al 3% 0 442%

I oures noparentheses denote y Yk 1 transtformed valucs W AS Weeks after spraving, *Siepiteant ar 5 nercent level
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During the seventh, eight and ninth week after treatment application,
there was no significant difference between any of the treatments except

conirol.

Based on the observations at berry maturation stage, the pooled
mean percentage of leaves damaged by gall thrips was the highest in
control vines 16.17. The lowest damage was in neem oil soap emulsion
3.00 per cent + garlic 2.00 per cent with 1.91 per cent leaf damage
followed by quinalphos 0.05 per cent and neem oil soap emulsion 2.00 per
cent + garlic 2.00 per cent + karanja oil emulsion 1.00 pcf cent (neem seed
oil soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil

cmulsion 1.00 per cent) with mean damage of 2.55 and 2.74 respectively.

4.2.7 Mean Percentage of Spikes Damaged by Scale Insects at

Different Intervals after Application of Treatments
4.2.7.1 At Berry Formation Stage

The mean percentage of spikes damaged by scale insects at different
intervals after application of treatments at berry formation stage is given

in the Table 21.

There was no damage on spikes at 24 hours, 72 hours, one week, two

weeks, three and four weeks after application of treatments.

Five weeks after application of treatments, the highest percent
damage of 8.37 was observed in control vines and in quinalphos trcated
vines the least (0.00). This was followed by 0.71 percent damage in neem
sced o1l soap emulsion 2.00 per cent + garlic 2.00 per cent + karanja oil
emulsion 1.00 per cent and azadirachtin 0.003 per cent + karanja oil 1.00

per cent.

In the subsequent weeks, there was no significant difference between

any of the treatments except control.



Table 21, Percentage of spikes dumaged by scale insects at didferent intervals after application of treatments at berry
formation stage

- Treatments 1WAS | 5 WAS 6WAS | TWAS | BWAS | 9WAS | Mean
Neem seed oil soap emulsion 3.00 per cent - - .25 b.73 | .73 .73 259 . 1.79
=00 per cent garhe syt L et et | eS| (190) | (167
Neent seed il soap emulsion 2,00 per cent - 3.00 3.63 I 363 3.63 4.92 374
2.00 per cent garlic (2.00} " (2.15)" (2050 (2.15)" (2.43)° (2.18y"
Avzadirachtin 0.004 per cent . 1.25 125 _ 123 1.73 173 I.44
_ e | (1.30)" (1.50)° Shsmys (1.65)" (1.65)" (a.ser’
Azadirachtin 0.003 per cent ) 4.20 o 6.16 o 6.16 _ 6.16 _ 6.16 _ 3.59
. o o (2.28)° (2.68)" ¢ (2.68)° (2.68)" (2.68)" (2.60y"
Clerodendron leaf and flower extract 8.00 por - 217 4.74 6 79 & 79 6.79 530
cent sy (240" | 279" (2.79° (.79 | @snt
Kuranja oil emulsion 2,04 per cent i B .25 3.00 .36 ! 3.56 5.56 _ 5'00‘ ;
o (1.50)" 2.00)° (2.56)" ¢ (2.56)" (2.56)" (2.2 .
Neem seed oil soap emulsion 2.00 per cent - - 0.71 .23 217 | 207 2,17 .66
2.00 per cent garlic + 1.00 per cent karanja o1l (130" (1.50)° (1.78)" (1.78)" (1.78)" (163
Azadirachtin 0.005 per cent + karanja oil - 0.71 1.25 1.73 217 2.17 .37 .
emulsion 1.00 per cent o (131" (1.50)" (hesyt (178" (.78)" H_ﬁu_.]_..s_\mJl
) 15 f < 3 1 ' N 5
Quinalphos 0.05 per cent 0.00 ] 1.25 o 1.2 -. 1-7_-’ ) 1.73 | 113
) 1 o _ (100" (L.50)" (1.A0) (Le3)* | (1.63)" {ldoy
Control | - 8.37 9.83 : g 83 9.83 9.83 Y ss
| (5.06) (3201 (329 (29 (329 (325

'(‘[):l_l'a.;ﬁlrnen-t_;at S0p 0 1 172% C1-Mean cil_ﬁ"" =_'_0f%3*. CD-intervals at 5% - (0.5453*

Fizures in parentheses denote y ¥+ b oransformed values,  WAS - Weeks after spraying. *Sienificant at 3 per cent level

5b
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The pooled mean percentage of spikes damaged by scale insects
from all the observations at berry formation stage was the maximum
(9.53) in control and minimum (1.46) in quinalphos 0.05 per cent treated
vines. Quinalphos 0.05 per cent was followed by azadirachtin 0.003 per
cent + karanja o1l 1.00 per cent, neem seed oil soap emulsion 2.00 per cent
+ garlic 2.00 per cent + karanja oil emulsion 1.00 per cent neem seed oil
3.00 per cent + garlic 2.00 per cent and neem seed oil soap emulsion 2.00

per cent + garlic 2.00 per cent and were statistically on par.
4.2.7.2 At Berry Maturation Stage
The results are presented in Table 22.

There was no damage on spikes by scales at 24 hours, 72 hours, one

week, two week, three and four week after application of treatments.

Five weeks after application of treatfnents maximum damage was
obscrved in control with a damage of 5.56 percent and the icast 0.00 in
quinalphos treated vines followed by neem seed oil 3.00 per cent + garlic
2.00 per cent with mean damage of 0.71. There were no significant

difference between any of the treatments with the control.

The pooled mean of all observations of spike damage by scale
insects at berry maturation stage was the highest (7.53 per cent) in control
and least damage (0.00) in neem oil soap emulsion 2.00 per cent + garlic
2.00 per cent + karanja 1.00 per cent followed by quinalphos 0.05 per cent
treated vines with mean damage of 0.88. All the treatments were on par except

control and azadirachtin 0.003 per cent + karanja oil 1.00 per cent.

4.2.8 Pcrecentage of Spikes Damaged by Mealy Bugs at Different

Intervals after Application of Treatments
4.2.8.1 At Berry Formation Stage

The results are presented in Table 23,



Tabic 22, Percentage of spikes damaged by scale inscets at different intervals alter appheation of treatments at berry

maturalion stage

200 per cent Jmlm

1 WAS

2.00 per unl war ||L

cent

2,00 per cent garlic -

cmul\mn ] fl(} per cent

Quinitphos {103 per cent

gConlmP

| I reamments S WAS 6WAS | 7waAs | 8wAS | 9 was Mean |
’\Lu] el ml sodp emulston 3.00 per cent - - 0.7t |.25 | 3.37 337 337 2.30
g - — (3| hE0) (09 @209 209 | (182" |
NLEI]‘ ‘:u.d wil soap emutsion 2 UO per cent - .25 3.45 2.17 27 207 2.20
(hsoy @2l (1.78) (1.78) (1.78) (1.793"
Azadirachtin (L0004 per cent ) l.23 j 217 2.17 : 217 207 £.98
. (rsoy b (1.78) (1.78) 1 (1.7%) (1.78) (1.72)"°
Azadirachtin (1003 per cent 7 b.2s 173 2.59 289 2.59 2.13 ]
) L LSy (1.65) (1.90y (]9 (1.90) (.77 *
iCledLmIron |Ld[ and ﬂov\e: exiract .00 per - 27 217 217 27 217 207
e o o - _ (1.78) (1.78) {1.78} i178) {1.78) (1.78)°
Karanja o1l emulsion 2.00 per cent ) 0.00 1.73 1.73 b3 1.73 )51 .
- L o thom {1.63) (1.65) t1.63) (1.65) (L52)"
Neem sced oil \mp Lmu!smn 2.00 per cent | - 0.00 0.00 0.00 (.00 (.00 0.00
100 per cent karanja oil (1.00) (1.00) (L.00) | (1.0 (1.00) {1.00)"
iAzadirachiin 0.003 per cent + karanja oil - : 125 3.63 4.92 : 3 i 536 402
L s (2.15) (2.43) l (2.56) (2.56) (2.24)
- : 0.00 0.71 0.71 | I 62 .62 0.88
el ooy 1 (13D (1L31) el (1.62) (L37"
. 536 7.38 8.00 830 8.60 753
L L0280 L (2.90) (3.00) (3 0% (or | en
CD-treatments NS CD-Mean : U 66‘\* e I) imtervals - NS NS NS N§ NS NS

Figures i purentheses denote ¥ | translormed valoes,

EStaniticant at > per cent level, NS Non signiticant

WAS  Weeks after spraying.
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Table 23,

formation stage

Percentage of spikes damaged by mealy bugs at different intervals after application of treatments &

_Treatments SWAS_ [ ewas ' 7was T swas T owas [ Men

Neem seed oil soap cmulsion 34000 per cent + 1.23 | 2= 1.62 3.00 363 2.08
200 percentgartic . sy | s (1.62) (2.00) (215 (1.75)
Neem seed oil soap eimulsion 2.00 per cent - 1.25 | 2= 3.00 5.03 SIS | 294
2.00 per cent garlic i (1,500 | sy (2.00) (2.46) (246) . (1.98)
Azadirachtin 0.004 per cont 125 173 173 3.63 3.63 2.32
L - ) (1.50) (1653 (1.65) (2.15) Q205 .8y
Azadirachtin 0.003 per cent 1.73 s 3.63 3.63 : 3.03 2.81
_ o N 1l eD (1621 (.15 | @218 (s (1.95)
Clerodendren leal and flower extract 8.00 per 25 I 3.00 5.25 , G03 3.54
cent (1.50) (2 H0) (2.00) (250) | 265 (2.13)
Karanja oil emulsion 2,00 per cent 3.00 3.03 549 3.49 433 3.58

o _ (2.00) (2 15) (2.12) 212y | @3 1 @14
Neem seed oil soap emulsion 2.00 per cent ~ 3.00 3.63 163 3.63 3.63 3.50
2.00 per cent garlic - 1.00 per cent karanja oil (2.00) (.15} (2.15) (2.13) 1 (2.1%) . (2.12)
Azadirachtin 0.003 per cent ¢ karanja oil 1.25 | 3 81 3.63 3.63 363 793
emulsion 1.00 per comt (1.50) {(1.96) (2.15) (2.13) 12,13 _'_ {1.98)

o o i R
Quinalphos 0.03 per cem 0.00 0.71 2.27 2.27 2.27 I J?
- o _(1.0%) (i (1.81) (281 1181 _ (1.5
i;CU!‘JlI'U] . 3.00 3 65 643 I‘ qu 11.25 6. 18
L (200 0 N 7.0 B £ 11t B ALY (2.68y _
N5 NS NS NS NS

CD-treatments © NS, CD-Mean - NS, CD-intervals @ NS

Fieures in parentheses denote v v =1 transtormed values. WAS

NS Non signilicant

Woeks after spraying

&b
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There was no spike damage by mealy bugs after 24 hours, 72 hours,
one week, two weeks, three weeks and four weeks after application of

insecticide treatments except in control.

Five weeks after application of insecticides, highest damage of 3.00
per cent observed in control, karanj oil emulsion 2.00 per cent and neem
seed cil soap emulsion 2.00 per cent + gariic 2.00 per cent + karanja oil
1.00 per cent and least (0.00) in quinalphos treated vines. There was no

significant difference between any of the treatments and control.

The pooled mean damage was maximum (6.18) in control and
minimum (1.39) in quinalphos 0.05 per cent. Therc was no significant

difference between any of the treatments except the control.

4.2.8.2 Af Berry Maturation Stage

The results are presented in Table 24.
Mealy bugs were observed only after five weeks of insecticide application.

Six weeks after application of treatments, the highest damage of 4.33
was observed in control. No damage was scen in neem seed oil 3.00 per
cent + garlic 2.00 per cent, neem seed oil soap emulsion 2.00 per cent +
garlic 2.00 per cent, azadirachtin 0.004 per cent, azadirachtin 0.003 per cent
+ karanja oii 1.00 per cent and quinalphos 0.05 per cent ueated vines.

Almost all the treatments were on par except control.

Seven, eight and nine weeks after trecatment application, the same
teend was observed and there was no significant difference between any of
the treatments except control and clerodendron leaf and flower extract

8.00 per cent.

At berry maturation stage, recorded no damage was recorded in
quinalphos (.05 per cent and neem seed o1l 3.00 per cent + garlic 2.00 per
cent treated vines.  The pooled mean percentage of spikes damaged by

mealy bugs at berry maturation was the highest (6.16) in the control vines.



Table 24. Percentage of spikes damaged by mcaly bugs at dilferent intervals after application of treatments at berry

~maturation stage

Treatments

cent

N 1 6 WAS 7 WAS | s waAs ! 5 WAS Mean |
‘Neem seed oil soap emulsion 3.00 per cent - .00 0.00 U.00 ! 0.00 0.0} ‘
200 pef_EenT earlic | (1,00 a (1.00)° (.00 a (1.00)* (100} i __4|
Newem seed vil soap emulsion 2.00 per cent .00 0.00 0.71 0.71 .30 I
2.00 per cent garlic (1.00) " 400" o a3nt (3 (LSSt
‘Azadirachtin 0.004 per cent 0.00 _ 0.00 _ ' 0.00 _ 0.71 a []'lb.”,
_ (1.00}" (oo i (1.06)" (1.31) (1.08)
‘Azadirachtin 0.003 per cent b2s .25 . b23 123 . 1-25%
, _ _ o (1.50)7 (1.50)° j IRON (1.50) (LAmT
iClerodendron leaf and flower extract 800 per 363 4.20 493 4.92 440
(2.15)° (2.28)° - (2.43) (2.43) (23"
| 5 = b - - “}
Karanja oil emulsion 2.00 per cent by 3.00 . .00 3.63 2.66 .
o | (1.50)" (2.00)* (2,00)" (2.15)° (1.91)
Neem seed oil soap emulsion 2.00 per cent - 1.25 0.00 : 3.63 3.63 281
2.00 per cent garlic —_] 00 per cent karanja o1l _(1.50)" (1.00)* ;1 (2.15)° (2.16)* (1.95)°
Azadirachtin 0.003 per cent - karanja oil 0.00 0.00 | 0.00 1.25 037
emulsion 100 per cent (1.00)° (1L.00)* i (1Lony” (1.50)" (113"
(Quinalphos 0.05 per cent 0.00 . 0.00 | ’ (J.0.0 . 0.00 ) (.00 .]
. o (r.om” {(1.00)"° .o (1.00) {1007
Control | 4.33 3.71 371 932 6.16
; . L 23y (259 (2.59) .21 S 1208
CD-treatments at 3% ¢ 1. 245, CD-Mean at 5% 2 0.623% CD-intervals at 5% : 0,304

Fraures in parentheses denote v v+ 1 ranstformed values. WAS - Weeks atter spraving

*Signtlicant at 3 per cent level

00
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4.2.9 Yield of Black Pepper

The results of the effect of insecticide treatments on yield of black

pepper and benefit cost ratio of treatments are presented in Table 25.

The average yileld per hectare ranged from 932. 40 kg in control to
1720.50 kg of dried pepper in vines treated with quinalphos 0.05 per cent
and was found to be significantly different. Quinalphos 0.05 per cent was
followed by vines treated with neem seed o1l soap emulsion 2.00 per cent
+ 2.00 per cent garlic + 1.00 per cent karanja oil (1598.40 kg ha™') and
neem seed oil soap emulsion 3.00 per cent + 2.00 per cent garlic and
neem seed o1l soap emulsion 2.00 per cent + 2.00 per cent garlic recorded
1587.3 kg ha”' and 1520.70 kg ha™' respectively with regard to yield
treatments, neem seed oll soap emulsion 2.00 per cent + garlic 2.00 per
cent + karanja oil emulsion 1.00 per cent, neem seed oil 3.00 per cent +
garlic 2.00 per cent, neem seed oil soap emulsion 2.00 per cent + garlic
2.00 per cent and azadirachtin 0.003 per cent + karanja oil 1.00 per cent

were on par,

The yield in contro] vines and clerodendron leat and flower extract
8.00 per cent treated vines were on par with an average of 932.40 kg ha™
and 1087.80 kg ha'' respectively and they differed significantly from the

rest of the treatments.

The benefit : cost ratio was the highest (3.20) in neem sced oil soap
emulsion 2.00 per cent + garlic 2.00 per cent treated vines. This was
followed by combinations of neem seced oil soap emulsion 2.00 per cent
garlic 2.00 per cent + karanja oil 1.00 per cent and neem seed oil soap
emulston 3.00 per cent + garlic 2.00 per cent treatments which recorded
B:C ratios of 3.11 and 3.10 respectively. The bencfit:cost ratio ranged

from 0.88 to 2.60 among the other trearments.



o

Table 25 Yield of black pepper and benefit:cost ratio of the treatments in
field experiment

Treatments (k;’fgllfil) B-C' ratio

Neem seed oil soap emulsion 3% + garlic 2% 1587.30° 310
Neem seed oil soap emulsion 2% + garlic 2% 1520.70" 3.20
Azadirachtin 0.004% 1365.30° 2.16
Azadirachtin 0.003% 1320.90* 2.50
Clerodendron leaf and flower extract 8% 1087.80° 0.88
Karanja oil emulsion 2% 1332.00¢ 2.44
Neem seed oil soap emulsion 2% + garlic 2% 1598.40° 3.11
+ karanja oil emulsion 1%

Azadirachtin 0.003 % + karanja oil emulsion 1% { 1465.20° 2.65
Quinalphos 0.05% 1720.50° 2.60
Control 932.40°

CD (0.05) 160.05%*

*Significant at 5 per cent level
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5. DISCUSSION

5.1 SEASONAL INCIDENCE OF PESTS IN BLACK PEPPER

The population and damage caused by important pests of black pepper was
assessed for an year from May 2002 to April 2003 in the Instructional Farm,

College of Agriculture, Vellayani and the results are discussed.

Adults of pollu beetle were observed in pepper vines throughout the year. A
similar observation was made by Premkumar (1980). The mean population was
the highest during the first fortnight of November 2002 followed by second
fortnight of June 2002. In this study, the maximum rainfall (212.2 mm) reccived
during the second fortnight of October contributed to the generation of flushes.
The availability of food attracted pollu beetle adults which contributed to the
maximum population during November. The population was maximum during
south-west monsoon and north-east monsoon period (Table 26). However surveys
undertaken by Premkumar and Nair (1985) revealed the presence of maximum
population of adults during the pre-monsoon showers. After September-October

there was a general decline in the pest population.

The lowest mean population was seen during the first and second fortnight
of March 2003. The adult population was low when pepper berries were not
avaitable during the summer months. During these periods, the adults lived by
feeding on mature leaves. Similar observations were made by Devasahayam and

Premkumar, 1988).

‘The percentage of leaves damaged by the beetle was the maximum during
sceond lortnight of November 2002, This period coincided with the period ol
maximum population of adult beetles. The reason attributed was the production
of flushes, shoot tips and tender stems during this period. THowever the leal” damage

and mrensity of leal damage had no significant ditterence with any of the scasons.



Table 26 Seasonal occurrence of pests and their damage in black pepper during south-west monsoon. north-east monsoon
and summey scason

Scason PBC LDP TSB sSDP BDP LDT SDM sSDS iLP ISL GFL VDS
! South-west 4.64 32.28 9.50 15.08 0.00 12.10 0.00 0.00 30.20 4.50 1.60 16.00
{ IMONS0ON season
! North-east 4.44 29 .49 20.50 28 64 5017 12.33 0.92 4,06 27.50 8.25 2.55 17.00
MONS00N season '
Sumnter season 2.08 26.44 1.50 18.70 3.88 20.50 1.22 4.05 16.86 18.12 2.37 23.50
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As soon as the spikes emerged, the pollu beetle started feeding on them,
Maximum percentage of spike and berry damage by the beetle (37.90 and 8.00
respectively) was seen during the first and second fortnight of February. These
are the periods when adult numbers were lower in the field but the grubs were
active within the berries. Premkumar (1980) observed maximum spike damage of
22.10 per cent in Kottayam district.  Premkumar and Nair (1987) reported less
than ten per cent berry damage in black pepper in Thiruvananthapuram. The

present investigation also supported this finding.

‘Top shoot borer damage was first observed in July 2002, The maximum
damage of top shoot borer was observed during the second fortnight of November
2002. This concurred with the observations made by Visalakshi (1963). These
months which form part of monsoon scason contributed to the growth period of
young pepper vines which produced new succulent shoots. The damage of wp
shoot borer was not observed in the field from January 2003 onwards. These are
the summer months characterized by high temperature, low rainfall and low
relative humidity, which limited the emergence and development of new shoots.

This was also in line with the earlier observations made by Visalakshi (1963).

The damage of leaves by leal gall thrips was maximum during the months
of March and April 2002 ie., the summer season (Table 26). These arc the
periods of low humidity and high temperature, which are congenial for the
buildup of pest population and consequent damage. The minimum damage by
feaf gall thrips was observed during May to November 2002. These observations

corroborated with the findings of Visalakshi (1963).

The population of mealy bugs was at first observed from October. “The
spikes infested by mealy bugs turned dark in colour duc to insect desapping and
formation of sooty mould. The highest incidence was observed during Februan

2003 i.e.. summer season (Table 26).

Twenty eight per cent of the vines under observation were mtested by scale

inseets during the month of Apri! 2003, However only 16.00 per cont infestation
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was recorded for a period of six months from May 2002 to November 2002.
Infestation by the hard scale, L. piperis (range from 6.76 to 24.40 per cent) in

Thiruvananthapuram was reported by Koya and Devasahayam (1995).

The intensity of scale insects was low during months of May, June and July
2002. There was an Increase in the percentage of vines damaged by scales from
September 2002 onwards. The months of March and April 2002 when the scale
infestation was maximum were the periods of high temperature which werce
congenial for the multiplication of the insect. During summer season a maximum
of 23.50 per cent of vines were affected (Table 26). Similar observations were

made by Koya and Devasahayam (1995).

Spike damage by scale insects started from second fortnight of September
2002 and recorded the maximum during second fortnight of February 2003 just
before the harvest of the crop. Berries infested by the scales were shrivelled and

smaller compared to the normal uninfested ones.

5.1.1 Correlation between Weather Parameters and Pest Population and
Damage

The population fluctuation of pollu beetle in relation to vanious climatic

factors 1s presented 1n Figure 1.

Among the different climatic factors, the pollu beetle population was
significantly related with maximum temperature and relative humidity. The
maximum temperature had a significant negative correlation.  The higher
temperature unfavourably aftected the population of the pest. The finding was in
accordance with the observations of Premkumar (1980).  Raintall was also
positively correlated but not significant. Relative humidity had o signilicant
pusitive correlation with pollu bectle population indicating that it was congerial
for the population build up. Tlowever. Premkumar and Nair (1983 reported that
variation in humidity had no cffect on pollu beetle population.

The extent of leaves damaged by pollu beetle in relation to various climatic

factors is presented in Figure 2.
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Fig. 1 Population fluctuation of pollu beetle in relation to maximum temperature, relative
humidity' and rain fall



250

200

150

100

A A A A AA A

A S<A A A cA by & o> P /\pl </~ A <? /\p A A AA
Months

-Leaf damage by pollu beetle mViaximum temperature (°C) -Relative humidity Rainfall

Fg. 2 Extent of leaf damage by pollu beetle in relation to maximum temperature, relative humidity and rainfall



18

There was significant negative correlation between leaves damaged by
pollu beetle and maximum temperature. As the population of adults was low at
higher temperature, the damage caused by them was less. However the intensity
of infestation on leaves by pollu beetle had significant positive correlation with
maximum temperature and negative correlation with relative humidity and
number of rainy days. During periods of high temperature and low rainfall, the
availability of new flushes was less. So the beetles thrived on the already infested

leaves thereby increasing the intensity of infestation on older leaves.

The correlation between percentage of spikes and berries damaged by pollu
beetle and minimum temperature was significantly negative. This indicated that
when minimum temperature increased the spike and berry damage by pollu beetle

decreased.

The damage of vines by top shoot borer had significant negative correlation
with maximum temperature. Low temperaturc and high rainfall pcriod
(characteristic of the monsoon season) contributed to the growth period of pepper
vines which gave oul many new succulent shoots and top shoot borer appcared 1o
thrive in the field. When the temperature increased from January onwards there
was a sudden decrease in the population of the pest in the field. This concurred

with the observations of Visalakshi (1963).

However damage on leaves by leaf gall thrips had significant positive
correlation with maximum temperature. Relative humidity and rainfall was
negatively correlated with leaf damage by leaf gall thrips. High temperature, low
rainfall and humidity were congenial for multiplication of gali thrips lcaf damage.
During rainy season, the tempcrature would be low and humidity in the
atmosphere high. In addition, stagnation of water within the marginal fold might
have adversely affected difterent stages of the pest Similar findings were made

by Visalakshi (1963).

Percentage of spikes damaged by scales and mwcaly bugs was nepatively

corrclated with minimum temperature. However the intensity of infestation of
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scale insects on pepper vines was positively correlated with maximum
temperature and negatively correlated with relative humidity and number of rainy

days.

Correlation coefficients were worked out between incidence of pests and
their damage in black pepper with weather parameters of previous fortnight. The
degree of association of pests of pepper, their damage and weather parameters of
the current and previous fortnight was almost the same. Significantly positive
correlation was obtained between pollu beetle damage on leaves and relative

humidity in this correlation.

5.2 FIELD EVALUATION OF BOTANICALS AND THEIR COMBINATIONS
FOR THE MANAGEMENT OI' PESTS OF BLACK PEPPER

A field experiment was conducted to evaluate the efficacy of different
insecticides including botanicals against major pests of black pepper. The
experiment was conducted in the Instructional Farm, College of Agriculture.
Vellayani. Three sprays were given to the crop viz., at spike emergence. berry
formation and berry maturation stage. The observations were recorded at 24
hours, 72 hours after spraying and then at weekly intervals till the next sprayving.

The results of the experiment are discussed below.

5.2.3.1 Mean Population of Adults of Pollu Beetle at Different Stages after

Application of Treatments

The cffect of different insecticide sprays(eight botanicals and one chemical)
on population of pollu beetle indicated that all the insecticide treatments were

effective in deterring the population compared to control (Figure 3).

The mean of all observations 1aken on population of pollu beetle at spke
cmergence revealed the lowest population of peliu beetle adults in quinalphos
(.05 per cent treated vines. The effectiveness of quinalphos in controlling the pest

was reported carlier by Pillat and Abraham (1974), Balakrishnan er af. (1984) and



Mean population of pollu beetle

Spike emergence Berry formation Berry maturation
Tl - Neem seed oil soap emulsion 3 %+ garlic 2 % T6- Karanja oil emulsion 2%
T2 - Ncem seed oil soap emulsion 2 %+ garlic 2 % T7- Ncem seed oil soap emulsion 2%+ garlic 2% + Karanja oil 1%
T3 - Azadirachtin 0.004 % T8 Azadirachtin 0.003% * Karanja oil emulsion 1%
T4 - Azadirachtin 0.003 % T9- Quinalphos 0.05%
T5- Qcrodendron leaf and flower extract 8% TIO- Control

Fig. 3 Mean population of adults of pollu beetle after application of treatments at different stages
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Nandakumar ef al. (1991). Among the botanical treatments, the combination of
azadirachtin 0.003 per cent plus karanja oil emulsion one per cent and the
combination of neem seed oil soap emulsion two per cent plus garlic two per cent
plus karanja oil one per cent gave the least count of beetles. Similar observations
were made by Sarma (2001) who reported that Neemgold, a commercial neem

formulation was effective against the pollu beetle.

The population of beetles observed after spray at berry formation stage was
the lowest in quinalphos 0.05 per cent treated vines. Out of the eight botanical
treatments, neem oil soap emulsion two per cent in combination with garlic two
per cent and one per cent karanja oil, neem oil soap emulsion three per cent plus
two per cent garlic and azadirachtin 0.004 per cent were equally as effective as

quinalphos 0.05 per cent.

At berry maturation stage, the count of pollu beetle differed significantly
between the control vines compared to all the treatment vines at 24 hours, 72
hours and onc week after spraying. The population buildup of the pest was
observed during the subsequent weeks in the treatment vines. However
population of beetles declined after four weeks even in the control vines. This
was due to the adverse weather conditions and also the non-availability of food as

the berries were in the harvesting stage.

Among the botanicals, combination of neem plus garlic and combination of
neem plus garlic plus karanja gave good control. Neem exhibit oviposition
deterrence, antifeedant and larvicidal action against the pest. Efficacy of neem oil
in controlling flea beetle pests in other crops was reported earlier by Rajan and
Nambisan (1993). The findings in this experiment were in line with those of
Mukeshkumar and Singh (2002) who reported that karanja was effective against

insect pests of plantation crops.
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3.2.3.2 Mean Percentage of Leaves Damaged by Pollu Beetle after Application
of Treatments af Different Stages

The leaf damage caused by the beetle reduced the photosynthetic area
which in turn affected spike and berry development and ultimately reduced the
yield.

Mean percentage of leaves damaged by pollu beetle at different stages(spike
emergence,betty formation, berry maturation) is shown in Figure 4. The damage
on leaves was not observed twenty four hours after treatment application except in
the control vines indicating that all the treatments were equally effective in
deterring the pollu beetle. In all the stages, it was found that quinalphos 0.05 per
cent treated vines exhibited lowest percentage of leaf damage by the beetle.
Among the plant products, the combination of neem seed oil soap emulsion two
per cent, garlic two per cent and karanja oil one per cent was the best during spike
emergence, berry formation and berry maturation stage. Rhizomes of garlic,
Allium sarivum was found to possess antifeedant property against a number of
msects (Pandey ¢f al., 1987). The synergistic effect of neem otl with garfic in
their combination treatment was responsible for lesser percentage of leaf damage

on vines treated with the same.

The second best treatment was the combination of azadirachtin 0.04G3 per
cent and karanja oil one per cent during spike emergence whereas neem oil soap
emulsion two per cent and garlic two per cent was the second best treatment
during berry formation and berry maturation stage. In all the stages, among the
treatments, clerodendron leaf and flower ¢xtract eight per cent treated vines had
recorded maximum [eaf damage. This indicated that clerodendron extracts were
less effective compared to the other botanicals in containing the leaf damage by

the poilu beetle.

Percentage deterrence on leaves by pollu beetle at different stages after
application of treatments is given Table 26, At spike emergence and berry

formation stages quinalphos 0.05 per cent offered maximum protection of 66.10



Tl - Neem seed oil soap emulsion3 %+ garlic 2 %
T2 Neem seed oil soap emulsion 2 %+ garlic2 %
T3  Azadirachtin 0.004 %
T4  Azadirachtin 0.003 %

T5- lerodendron leaf and flower extract 8%

T6- Karanja oil emulsion 2%

T7- Neem seed oil soap emulsion 2%+ garlic 2% -&Karanja oil 1%
T8 Azadirachtin 0.003% + Karanja oil emulsion 1%

T9- Quinalphos 0.05%

TI0- Control

Fig. 4 Mean percentage of leaves damaged by pollu beetle after
application of treatments at different stages



Table 27. Percentage feeding deterrence on leaves of black pepper by pollu bectle at diffcrent stages

At berry

Treatments At spike At berry Mean
’\ emergence formation maturation

- Neem seed oil soap emulsion 3.00 per cent + 2.00 44.50 42.91 37.95 41.79
per cent garlic

. Neem seed oil soap emulsion 2.00 per cent + 2.00 per !; 46.91 4478 33.03 41.57

. cent garlic

L. .

| Azadirachtin 0.004 per cent 45.28 37.67 29.87 37.61

| Azadirachtin 0.003 per cent 38.93 33.31 37.69 33.31
Clerodendron leaf and tlower extract 8.00 per cent 19.23 20.94 24.06 21.61

| Karanja oil cmulsion 2.00 per cent 33.48 35.45 30.58 33.17
Neent seed oil soap emulsion 2.00 per cent + 2.00 per cent 55.29 42.76 38.88 45.63
warlic - 1.00 per cent karanja oil

. Azadirachtin 0.003 per cent + karanja o1l emulsion 1.00 38.39 40.14 36.71 38.41

L per cend

“Quinalphos 0.05 per cent 66.10 60.01 37.97 61.36

¢4l
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per cent followed by neem seed oil soap emulsion two per cent, garlic two per
cent and karanja oil one per cent and neem seed oil soap emulsion two per cent,
garlic two per cent with mean values of 55.29 and 46.91 respectively. At berry
maturation stage, quinalphos 0.05 per cent offered maximum protection to leaf
followed by neem seed oil soap emulsion two per cent, garlic two per cent,
karanja oil one per cent and neem seed oil soap emulsion two per cent, garlic three
per cent. The presence of 0.30 per cent azadirachtin (A, B, C, H, [ isomers), 1.40
per cent salanin, 0.50 per cent nimbin etc. (Gahukar, 1988). might have been

responsible for the deterrent effect in neem oil.

5.2.3.3 Mean Intensity of Leaves Damaged by Pollu Beetle after Application of
Treatments at Different Stages

The mean intensity of leaves damaged by pollu beetle at different stages is

described in Figure 5.

There was no damage on leaves by pollu beetle at twenty four hours after
treatment application except in control vines. The intensity of damage increased
in all treatments in the subsequent weeks probably due to the non-persistence of
the insecticides on the treated vines. At spike emergence, the lowest intensity of
damage was observed in quinalphos 0.05 per cent treated vines. The efficacy of
quinaiphos in reducing the damage by poilu beetle was reported by Premkumar ¢r
al., 1986. Among the botanicals, combination of neem seed otl soap emulsion
two per cent. two per cent garlic and karanja oil one per cent recorded least
intensity of damage during spike emergence and berry maturation stage. The
antifeedant and growth inhibitor effect of ncem in combination with karanja oil on
pests of other crops was reported by Rao ef @/, 2002. However during berry
formation, combination of neem seed oil soap emulsion two per cent and garlic

two per cent was the best in reducing the intensity of leaf damage.

The antifeedant property of neem was responsible in reducing the leaf
damage bv pollu bectle in vines treated with neem based treatments. This may be

due to the presence of inhibitory stimulus or absence of gustatory stimulus of the



TI - Neem seed oil soap emulsion 3 %+ garlic 2 % T6- Karanja oil emulsion 2%

T2 - Neem seed oil soap emulsion 2 %+ garlic 2 % T7- Neem seed oil soap emulsion 2% + garlic 2% -+ Karanja oil 1%
T3 - Azadirachtin 0.004 % T8- Azadirachtin 0.003% + Karanja oil emulsion 1%

T4  Azadirachtin 0.003 % T9- Quinalphos 0.05%

T5 Qlerodendron leaf and flower extract 8% T10- Control

Fig. 5 Mean intensity of leaves damaged by pollu beetle after application of treatments at
different stages
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plants sprayed with neem insecticides which may prevent the insect from
sustained feediné (or oviposition). Twenty four hours after spra}-'.. neem oil
combinations and their products showed maximum antifeedant and deterrent
activity. Similar observations were made by Isman ef af. (1990) and Schmutterer

(1990).

5.2.3.4 Mean Percentage of Spikes Damaged by Pollu Beetle after Application
of Treatments at Different Stages

Observafions on the effect of insecticidal sprays on spike damage
indicated that all the insecticide treatments were equally effective at twenty four
hours in preventing the damage. However from the first week onwards, there was
an increase in the extent of damage to spikes. The mean percentage of spikes
damaged by pollu beetle at different stages after application of treatments is

shown in Figure 6.

The mean percentage of damage at spike emergence, berry formation and
E)eny niaturation was least in quinalphos 0.05 per cent treated vines. A mean
spike damage of 4.39 per cent was recorded by Premkumar (1980) when treated
with quinalphos 0.05 per cent. Among the plant products, combinations of neem
seed oil soap emulsion two per cent plus garlic two per cent plus karanja oil one
per cent was the, best during spike emergence. During berry formation ard berry
maturation stage, the most effective botanical in reducing spike damage was neem
seed oil soap emulsion three per cent plus garlic three per cent. Neem oil
activated with garlic had been shown to possess the highest deterrent effect

against beetle pests of brinjal (Bemice, 2000).

3.2.3.5 Mean Percentage of Berries Damaged by Pollu Beetle After Application
of Treatments at Different Stages

Mean percentage of berries damaged by pollu beetle at berry formation and
berry maturation stage is presented in the Figure 7. The effect of treatments in

controlling the berry damage besides the spike damage was also ascertained. The



Tl - Neem seed oil soap emulsion 3% + garlic 2%
T2 Neem seed oil soap emulsion 2 % + garlic 2%
T3 Azadirachtin 0.004 %

T4 Azadirachtin 0.003 %

T5- Qerodendron leaf and flower extract 8%

T6- Karanja oil emulsion 2%

T7- Neem seed oil soap emulsion 2% + garlic 2% + Karanja oil 1%
T8 Azadirachtin 0.003% + Karanja oil emulsion 1%

T9- Quinalphos 0.05%

TI0- Control

Fig. 6 Mean percentage of spikes damaged by poliu beetle after application of treatments at

different stages
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TI - Neem seed oil soap emulsion 3 %+ garlic 2 %
T2 - Neem seed oil soap emulsion 2 %+ garlic 2 %
T3 - Azadirachtin 0.004 %
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Fig. 7 Mean percentage of berries damaged by pollu beetle after
application of treatments at different stages
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second application coincided with the early stages of berry development, when the
berries were tender and soft. There was no damage on berries twenty four hours
after application of treatments indicating that all the treatments were equally
effective. At berry maturation, the most effective treatment in controlling berry
damage was quinalphos 0.05 per cent. Premkumar (1980) recorded a mean berry
damage of 0.36 at berry formation and 0.49 at berry maturation when quinalphos
0.05 per cent was applied. However a mean berry damage of 0.46 per cent and
1.68 per cent was recorded at berry formation and berry maturation respectively in
the present investigation when quinalphos 0.05 per cent was applied. Among the
botanicals, neem seed oil soap emulsion three per cent plus two per cent garlic
was the best followed by neem seed oil soap emulsion two per cent plus garlic
two per cent. These treatments were on par with quinalphos 0.05 per cent. At
berry maturation stage, no damage on berries was seen at twenty four hours after
applicailon of treatments. At seventy two hours, damage was absent in
quinalphos 0.05 per cent and neem o0il soap emulsion three per cent plus garlic
two per cent treated vines. There was an increase in the damage on berries after
cach week as evidenced from the damage on the berries in the control vines.
During this stage, even though adult population was low, the berry damage was

high due to the higher population of the grubs feeding within this bernies.

The lowest mean percentage of damage to berries was observed in
quinalphos 0.05 per cent followed by neem seed oil soap emulsion three per cent
plus garlic two per cent and neem seed oil soap emulsion two per cent plus garlic
two per cent. These two treatments were on par and they differed significantly

from quinalphos 0.05 per cent.

5.2.3.6 Mean Percentage of Leaves Damaged by Leaf Gall Thrips after

Application of Treatments at Different Stages

Mcan percentage of leaves damaged by leaf gall thrips at different stages

after application of treatments, shown in Figure 8.



Neem seed oil soap emulsion 3%+ garlic 2 %
Neem seed oil soap emulsion 2%+ garlic 2 %
Azadirachtin 0.004 %

Azadirachtin 0.003 %

T5- (erodendron leaf and flower extract 8%

FER=

T6- Karanja oil emulsion 2%

T7- Neem seed oil soap emulsion 2% +garlic 2% + Karanja oil 1%
T8 Azadirachtin 0.003% + Karanja oil emulsion 1%

T9- Quinalphos 0.05%

TI0- Control

Fig. 8 Mean percentage of leaves damaged by leaf gall thrips after
application of treatments at different stages
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The vines treated with quinalphos 0.05 per cent recorded minimum damage
by leaf gall thrips at spike emergence stage. Quinalphos 0.05 per cent application
reduced the damage by thrips and increased the yield in cardamom (Gopakumar
and Kumaresan, 1991). Among the plant products, neem oil soap emulsion two
per cent plus garlic two per cent plus karanja oil one per cent and neem oil soap
emulsion three per cent plus garlic two per cent recorded minimum damage. At
berry formation and berry maturation stages, the neem combination insecticides
viz., neem oil soap emulston two per cent plus garlic two per cent, karanja oil one
per cent and neem oil soap emulsion three per cent plus garlic two per cent were
found to be superior compared to quinalphos 0.05 per cent. Krishnakumar ¢/ «i.
(1999) reported that neem oil can be used to control pepper leaf gall thrips.
Santhoshkumar (2000) also opined that neem oil emulsion was effective against

thrips in chillies.

5.2.3.7 Mean Percentage of Spikes Damaged by Scale Insects after Application
of Treatments at Different Stages

At berry formation and berry maturation stages, spike damage by scale
insects was not observed twenty four hours, seventy hours, one, two, three and
four weeks after treatment application. The damage was recorded five weeks after
application of treatments. At berry formation, quinalphos 0.05 per cent was the
best trecatment when compared with botanicals. Among botanicals, neem sced oil
soap emulsion two per cent plus garlic two per cent plus karanj oil one per cent
and azadirachtin 0.003 per cent plus karanja oil one per cent were the most
effective treatments against scales. At berry maturation phase, neem oil soap
emulsion two per cent plus garlic two per cent plus karanja oil one pereent was
the best followed by quinalphos 0.05 per cent in reducing damage of scale insccts.
This resuit corroborated with the findings of Devashavam er af. (1994) who
revealed that plant and organic products such as neem oil, commercial neem
products and fish oil rosin soap were effective in controlling both the species of

scale mseets 1n black pepper.
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3.2.3.8 Mean Population of Spike Infested by Mealy Bugs after Application of
Treatments at Different Stages

Uplo the fourth week after treatments, there was no infestation on spikes by
mealy bugs in any of the vines. At berry formation stage, there was no significant
difference between any of the treatments except the control. During berry
maturation, quinalphos 0.05 per cent was the best and was on par with neem oil
soap emulsion three per cent plus garlic two per cent and neem oil soap emulsion
two per cent and garlic one per cent treatments. Neem oil three per cent gave
49.30 per cent control against mealy bug, Ferrisia virgata in other crops
(Saminathan and Jayaraj, 2001). The effect of neem was enhanced when garlic
was added. The presence of diallyl disulphide and trially} trisulphide in gariic by
itself possesses insecticidal activity (David and Kumaraswami, 1996; Parmar and

Devakumar, 1993).
5.2.3.9 Yield of Black Pepper

‘The highest yield of 1720.00 kg/ha of dried pepper was obtained from the
vines treated with quinalphos 0.05 per cent (Figure 9). The control vines recorded
the lowest yield of 93240 kg ha''. However an yield of 1026.75 kg ha™ was
obtained by Nandakumar ef a/. (1991) when sprayed with quinalphos 0.05 per
cent as against control with an average yield of 752.72 kg ha'. Among the
botanical treatments, the maximum yield was from the vines treated with
combination of neem seed oil two per cent plus garlic two per cent plus karanja

oil one per cent (1598.40 kg ha™).

The benelit : cost ratio obtained from neem seed otl two per cent plus garlic
two percent treatment was the highest {3.20) followed by neem seed oil soap
emulsion two per cent plus garlic two per cent plus karanja oil one per cent (3.11)
and neem seed oil soap emulsion three per cent plus garlic two per cent {3.10).
However quinalphos (.05 per cent treated vines registered a B: C ratio of 2.60.
Nandakumar ¢/ «/. (1991) had oblained a higher B: C ratio of 4.73 from vines

treated with quinalphos 0.05 per cent. This could be attributed to lower cost of



Yield (kg ha')

Treatments

Fig. 9 Effect of different treatments on the yield of black pepper
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plant protection measures and comparatively reasonable price for the produce in
the late eighties. A fifty per cent increase in value was given to dried pepper from
the vines protected by botanicals. Thus eventhough quinalphos treated vines gave
a higher yield than botanicals, the benefit : cost ratio was greater from the neem

combination treated vines.

Hence it could be concluded that the pests of black pepper could be
controlled in an ecofriendly organic mode by the application of either neem oi!
soap emulsion two per cent plus garlic two per cent (B: C ratio 3: 20) or neem oil
soap emulsion two per cent plus garlic two per cent plus karanja oil one per cent
(B: C ratio 3: 11). Three sprays of either of the above botanical combinations
could be recommended viz., at spike emergence, berry formation and berry

maturation stage of the pepper crop.

One way of boosting our pepper export in the global pepper trade would be
the export of organic pepper. The government agencies and a few NGOs are in the
process of attracting more farmers into organic cultivation ol crops. Indocert’
(Indian Organic Certification Agency), the first indigenous accreditation agency
for giving certificate to organic farmers has been constituted in Ociober 2002.
Farmers growing pepper would have to wait for at least two years as “conversion
period’ to certify as organic growers. In this context, the recommendation on use
of botanicals against pests of black pepper will be of benefit to the organic pepper

growers.

The study of the chemistry, bioefficacy, toxicity and other relevant
information of botanical based pesticides has to be given utmost priority. More
research and development on botanicals and their commercialization is required
for use in [IPM of not only pepper but also other crops. This would go a long way
in meeting the domestic demand and improving our export of organic products

and carning valuable foreign exchange.
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6. SUMMARY

The present study entitled “Seasonal occurrence and ecofriendly
management of pests of black pepper (Piper nigrum L.) was conducted
during May 2002 to April 2003 in the Instructional Farm, College of
Agriculture, Vellayani. The main objectives were to study the seasonal
occurrence of the major pests of black pepper and their damage and to

evolve suitable ecofriendly pest management practices.

Studies on the seasonal occurrence of pests revealed that the pollu
beetle adults were present in the field throughout the year. The population
was high from June 2002 to August 2002. However maximum population
was observed during the first fortnight of November 2002. From January
2003 onwards, the poputation declined. There was significant positive
correlation between population density of pollu beetle and rclative

humidity and significant negative correlation with maximum temperature.

The extent of leaf damage by the pollu beetle ranged from 11.00 per
cent during first fortnight of May 2002 to 45.90 per cent during second
fortnight of November 2002. Significant negative correlation was obtained

between leaf damage by pollu beetle and maximum temperature.

The intensity of leaves damaged by pollu beetle was maximum
during the first fortnight of Deccember 2002 and minimum during the
second fortnight of April 2003. The intensity ranged from 4.00 to 41.30.
The intensity of leaf damage was significantly and positively correlated

with maximum temperature and negatively correlated to relative humidity.

Spike damage and berry damage by pollu bectle was maximum
during the first and second fortnight of February 2003, There was a
stgnificant negative corrclation between spike and berry damage with

minimum temperature.
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The highest percentage of leaf damage by leaf gall thrips was
recorded during the second fortnight of April 2003 (23.50) and the least
damage during first fortnight of September 2002 (8.00). The damage

showed significant positive correlation with maximum temperature.

The infestation on vines by scales was the maximum during the
second fortnight of April 2003 (28.00 per cent). Scales infested sixteen
per cent of the vines over a period of six months from first fortnight of
May 2002 to second fortnight of November 2002. The intensity of
infestation of scale insects on vines showed significant positive

correlation with maximum temperature.

The damage of scales and mealy bugs on spikes was the maximum
during the second fortnight of February 2003.The percentage of vines
damaged by scales and mealy bugs showed significant negative correlation

with minimum temperature.

The results of the field experiment revealed that among the different
insecticides tried against different pests at various stages of the pepper
crop, quinalphos 0.05 per cent was the best treatment in reducing
population of pollu beetle. Among the botanicals, the combination of
azadirachtin 0.003 per cent plus karanja oil one per cent treatment was the
best during spike emergence (with mean population of 2.39 adults per
vine). Neem seed oil soap emulsion two per cent plus garlic two per cent
'plus karanja oil one per cent was the best during berry formation with a
mean count of 1.95 adults per vine and during berry maturation, neem
seed oil soap emulsion three per cent plus garlic two per cent with a mecan

count of 2.96 adults per vine.

The percentage of leaves damaged by polliu beetle was the least in
quinalphos .05 percent treated vines. Botanical pesticides like neem oil
soap emulsion two per cent plus garlic two per cent plus karanja oil onc
per cent and the two concentrations of neem seed oil je., three per cent

and two per cent plus two per cent garlic were the next hest treatments.
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The treatments, neem seed oil soap emulsion three per cent plus garlic two
per cent, neem seed o1l soap emuision two per cent plus garlic two per
cent and neem seed oil soap emulsion two per cent plus garlic two per cent
plus karanja oil one per cent were superior in reducing the damage by
pollu beetle on spikes and berries after quinalphos 0.05 per cent. Leaf
damage by leaf gall thrips was the lowest in vines treated with
combination of neem oil two per cent plus garlic two per cent plus karanja
oil one per cent than quinalphos 0.05 per cent during berry formation
stage and during berry maturation stage, neem seed oil soap cmulsion

three per cent plus garlic two per cent offered maximum protection.

The spike damage by scale insects and mealy bugs was the least in
quinalphos 0.05 per cent followed by azadirachtin 0.003 per ccnt plus
karanja oil one per cent during berry formation stage. During berry
maturation stage, there was no significant variation between any of the

treatments and the control.

Quinalphos 0.05 per cent treated vines recorded the highest yield of
1720 kg ha'! dried pepper and control vines the least (932.40 kg ha™').
Among the botanical treatments, combination of neem seed o0il soap
emulsion two per cent plus garlic two per cent plus karanja oil one per

cent recorded maximum yield (1598.40 kg ha™').

The benefit: cost ratio was highest for the treatment,ncem seed oil
two per cent plus garlic two per cent (3.20) followed by ncem seed oil twe

per cent plus garlic two per cent plus karanja oil one per cent (3.11).

Three sprays of either of the above botanical combinations. one cach
at spike emergence, berry formation and at berry maturation stage can be

recommended as an ecofriendly pest management strategy in black pepper.
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Weather parameters at Instructional Farm, College of Agriculture,

Vellayani from May 2002 to April 2003

Maximum Minimum . Number
Fortnight temperature | temperature l}iﬁﬁg;i Rainfall | of rainy |
(°C) (°C) - days
May | 32.3 25.4 7915 | 89.0 7
May II 31.2 24.7 80.8 915 8
June [ 31.0 24.4 82.7 82.7 8
June 11 30.3 24.1 82.1 98.0 6
July 1 30.6 243 83.0 8.9 3
July II 30.4 23.6 80.5 8.1 4
August | 293 23.0 85.0 78.8 11
August 11 30.0 23.7 85.4 | 422 3
September 1 30.7 23.4 77.8 31.1 3
September 11 132.0 233 72.4 13 I
October I 30.1 23.2 85.0 | 189.1 |
 October I 29.5 23.0 87.9 | 2122 T
| November | 30.1 23.4 86.6 59.5 9 |
November 11 30.2 23.0 83.7 31.2 4
December | 31.2 22.8 78.6 8.2 1
December I1 30.8 21.2 77.6 0 0
January 1 31.6 21.9 76.5 0 0
January J} 31.4 21.4 74.8 1.6 {
February 1 31.9 22.3 762 | 52.0 2
February 11 316 22.7 78.1 16.3 1 i
March I 321 23.2 76.3 0o 0
March 11 325 235 74.4 69.0 | 2
T B e T R iy o
Aprilll | 3238 246 | 795 297 | 3
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ABSTRACT

Scasonal occurrence of the pests of black pepper was studied in the
Instructional Farm, College of Agriculture, Vellayani from May 2002 1o
April 2003. Pollu beetie adults were present in the field throughout the
year. Maximum population was observed during first fortnight of
November 2002. IThere was significant negative correlation between the
pollu beetle population and maximum temperature and significant positive

correlation with relative humidity.

I.cat damage by pollu beetle was maximum during second fortnight
of November 2002, Significant negative correlation was obtained between
leaf’ damage by pollu beetle and maximum temperature, The intensiiy ol
leaves damaged was maximum during first fortnight of December 2002
The relationship was significantly positive with maximum temperature and

nepative with relative humidity.

Spike and berry damage by pollu beetle was maximum during the
lirst and sccond fortnight of February 2003. There was significant
negative correlation between spike and berry damage and minimum
temperature.

The top shoot borer damage had a signtficant negative correlation
with maximum temperature and maximum damage was observed durimg

second fortnight of November 2002,

The damage of leaf gall thrips on leaves had significant positine
correlation with maximum temperature. Maximum damage on leaves was
observed during the month ol April 2003.

[ntensity of damasc by scale insects on vines had siunificant
negative correlation with maximum temperature and maximum damage

was ohserved during lirst tortnight of April 2002,



Eight botanical pesticides including their combinations were
evaluated with quinalphos 0.05 per cent as a check against pests of black
pepper in a field experiment in the Instructional Farm. College of
Agriculture, Vellayani from May 2002 to February 2003. Three sprays of
the treatments were applied one each at spike emergence, berry formation
and at berry maturation stage. In general. the treatments were effective
and superior to control in containing the pests. Quinalphos 0.05 per cent
treatment afforded maximum protection against all the pests of black
pepper studied in the trial. Among the botanicals, neem seed oil soap
emulsion two per cent plus garlic two per cent plus karanja oil one per
cent offered maximum protection followed by neem seed oil scap
emulsion at two and three per cent plus garlic two per cent. Clerodendron

leaf and flower extract eight per cent was the least effective botanical.

The yield of dried pepper was the maximum in quinaiphos 0.05 per
cent treated vines followed by neem seed oil soap emulsion two per cent
pius garlic two per cent plus karanja oil onc per cent and neem seed oil
soap emulsion three per cent plus garlic two per cent and ncem seed oil

soap emulsion two percent plus two per cent garlic.

The benefit : cost ratio was maximum for the treatment, neem sced
oil two per cent plus garlic two per cent (3.20) followed by neem sced oil

two per cent plus garlic two per cent plus karanj o1l one per cent (3.11).

Three sprays of either of the above botanical combinations. one cach at
spike emergence, berry formation and at berry maturation stage can be

recommended as an ecofriendly pest management strategy 1 black pepper



