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Chapter — |

Introduction

Tea is the most widely used non-alcoholic beveradiesver the world, prepared
from the tender shoots of tea plaGamellia sinensigL) O. Kuntze. It is one of the most
important agro industrial crops of India and sustaihe economy of a large number of
local people where the crop is under cultivatioeaTis one among the ten top foreign
exchange earners for our country. At the same fosdity of Indian tea is much sought
and relished by the beverage consumers througheutvorld. Hence any fluctuation in
India’s tea production, consumption and exportsesm@ugh to disturb the international tea
trade (Subramanium, 1995).

The tea plart. sinensiss grown as a perennial crop in an extensive noutiiral
systems, hence a wide range of insects and otlsts fiad an abundant supply of food
almost through out the year. It has been repoitad ¢rop losses may touch 15-25% or
more over a period of ten years which may resyite 3000 kg of made tea per hectare
(Das, 1965, Sand, 1977, Anon, 1994). In additionctop losses, pest damage also
adversely affects the quality of made tea.

Although synthetic insecticides provide a quick eely from the attack of pests,
but due to their indiscriminate use they may distilme ecological balance between pests
and natural enemies (Banerjee, 1983). Synthetiectisdes have been developed by
screening compounds synthesized in the laboratoringecticidal properties. Insecticides
have been recommended for use in tea on the bhsistensive experiments. However,
indiscriminate use of some of these synthetic chalwihas led to the problems such as
toxic residues in made tea, development of resistam insecticides in target species, pest

resurgence, secondary pest out break, health latardther animals including humans



and environmental contamination. Once the chenminsscticides are introduced into the
system, they may remain there forever or for a Veng duration. Thus they pose a threat
to life and help insects to develop resistancersgahem. Consumption of insecticides in
upper Assam was 3.4 kg/l/ha in 1991. In the resentey, residues of ethion and dicofol
were detected in some tea samples, that is abovie (MRximum Residue Limit) levels.
In addition, residues of banned pesticides like DBHC, aldrin, tetredifon etc. were also
detected in the past and can persist for very jmrgpds (Chakravartee and Singh, 1998).
One way of minimizing the excessive residue probleray be the use of botanical
insecticides, which are easily biodegradable ce-feiendly.

The presence of excessive residues of synthetcticgles in Indian made tea has
caused a serious set back in its popularity ambaegonsumers of the advanced countries,
since there has been a global awareness on pestigdidues in made tea. One way of
minimizing the excessive residue problem may beute of botanical insecticides, which
are easily biodegradable i.e. eco-friendly, act bmih behavioural and physiological
processes of insect pests (Saxena, 1983), act tp®ntarget organisms only and
comparatively safe to the natural enemies of teedhand higher organisms.

Out of several alternatives tried by the sciertist promising technique is use of
botanicals, which are safe and biodegradable. Tiraaut history plant products have
been success fully exploited as insecticides. Wigely believed that ‘natural’ plant-based
pesticides are invariably safer to human, livest@td beneficial insects and less
environmentally damaging than synthetic pesticiddsreover, unlike organic synthetic
insecticides based on a single active ingredielantpproducts comprise a number of
chemicals, which act on both behavioural and phggioal processes of the pests. Thus,
chances of developing resistance by the pestseltvely low. Plant products have been

shown to work in various ways, some as antifeedadtsome are repellent, while others



are inhibitors of growth and development (Banegéal, 1985 and Reddgt al, 1990,
Rahmaret al, 2005, Gogoet al, 2005).

The North East region of India, on account of itéque ecological diversities,
represents an important floristic zone in the wandespect of biodiversity. There are
several plant species from which insecticides cardéveloped. Only a small percent of
these have been examined chemically indicatingttigae is an enormous scope for further
works.

The present project have been undertaken to fimthe plant product from the two
plants viz. Polygonum hydropipeand Pogostemon parviflorusor the management of

major insect pest of tea in North East India urtterfollowing objectives.

Objectives(As per the original project proposal)

a. To find out the efficacy oPolygonum hydropipeandPogostemon parviflorus
extracts on life cycle of major insect pests offieats in North-East India.

b. To find out the effect of plant extracts on biolagfythe insect pests.

c. To find out the efficacy of plant extracts agaitis¢ insect pests feeding on
alternate host plants.

d. To compare the efficacy of above plant extractf \sinthetic insecticides.

e. To evaluate the toxicity of plant extracts on laory animals and beneficial
insects.

f. To study the residual effect of the plant extracts

g. To find out the active component(s)/structure resgae for insecticidal
activity.

h. Awareness campaign to conserve the insecticidatpia North-East India.

The present investigations have find out the effeoess of the indigenous plant
extracts in controlling major insect pest's damaggea culture and thus help to minimize

the use of hazardous synthetic insecticides.
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Materials and Methods

2.1 Year wise Plan of work{As per the original project proposal)

Year
Plan of work Ist| 2nd | 3rd

1. Survey in the habitats of insecticidal plantsNarth-East India and
collected the plant and plant parts.

2. Preparation of crude extracts from the collegiadt materials

3. Laboratory maintenance of the insect pests

4. Screening of crude extract for insecticidal \agti against tea pests
under laboratory condition.
5. Efficacy of plant extracts against the insedtpdeeding on differen
host plants.

—*

6. Comparison of plant extracts with synthetic ateédes

7. Acute and chronic toxicity studies on laboratarymals and
beneficial insects

8. Study the residual effect of plant extracts

9. Purification and characterization of the isalatempounds

10. Toxicity studies against the insect pestsahdfcondition

11. Summarization of results

12. People awareness program for the conservatidrcaltivation of the
insecticidal plants among the communities of idedi threatened
habitats

13. Preparation reports and submission

During the period of three year (01.05.2010 td038@2012) we have surveyed the
different habitats of insecticidal plants in Nofast India and collected the plants and
plant parts. Fresh aqueous and crude extracts peamared from the collected plant
materials and their bio-efficacy has been testednatthe major insect pests of tea which

have maintained in the laboratory.



The detailed works completed during the periochoée years are as follows:

2.2. Survey and collection of plant materials

Survey has done in different habitat of insecticplants in North-East India and
collected the selected two plant species Relygonum hydropipeand Pogostemon
parviflorus along with another seven plant species ¥geratum conyzoideanthium
strumarium Ipomea biloba Acorus calamusClerodendron inermd.antana camarand
Cestrum nocturnumvhich have also insecticidal properties againkeinsect pests viz.

stored grain, paddy etc.

Biological classification oPolygonum hydropipeLinn. andPogostemon parviflorus
Benth. are as follows.

I Polygonum hydropipekinn.
Family: Polygonaceae
Local name: Bihlongoni
English name: Water pepper
Plant parts used: Leaf and seed

It is a small erect or diffusely branchedkhe40-70 cm height. The stems are
grooved. The leaves of the plant are long. Flevaee white, green or reddish. The plant
reproduces by seeds (Plate-1). It flowers duringt&eber to October and fruiting starts in
February to March. It grows in damp, low-lying sea@nd along roadsides, river bunds
and in cultivated fields (Anon., 2000).

. Pogostemon parvifloruBenth.
Family: Lamiaceae (Labiateae)
Local name: Sooklati
English name: Yogoma

Plant parts used: Leaf



The plant is a shrub having quadrangular sighich is glabrous at the bottom.
Leaves are ovate, oblong, narrowed at the baste{P)alt is a popular medicinal plant for
the people of India specially North East India. Whas also been done on this plant using

it as antifeedant and repellent (Kirtikar and Bal284).

2.3. Preparation of plant extracts

The collected plant materials were cut inteab pieces, shade dried and then
coarsely powdered. The dried powder was extractddpetroleum ether, chloroform and
methanol successively following the method of Jagkt al (1997) with slight
modification. The dried powdered materialKg) was in petroleum ethes4.5 lit) for 72
hours with occasional shaking. After 72 hours tblvent was filtered out and the plant
material was air-dried and again dipped in chlomofokept for further 72 hours and
filtered. Finally the plant material was dippednethanol for 72 hours and the extract was
filtered. The solvent from each extract was remaoweder reduced pressure and the extract
was dried under vacuum. Dried crude extracts pegpaith three solvents were separately
re-dissolved in acetone to prepare stock solutions.

Different concentration viz. 0.25, 0.5, 1.0, 2.@a&h0 percent were prepared from

the stock solution using acetone as solvent.
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Fig. 1. Schematic diagram of preparatn of crude plant extracts



Plate 1. Branches oPolygonum hydropipet.inn.

Plate 2. Branches oPogostemon parvifloru8enth.

Plate 3. Experimental tea garden in the departmendf Zoology



Plate 4 Eterusia magnifica Plate 5Buzura suppressaria

Plate 6Helopeltis theivora Plate 7Andraca bipunctata

Laboratory maintenance of different major insect pest of tea
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Plate 8Andraca bipunctata Plate 9.Helopeltis theivora

Plate 100dontotermes assamensis Plate 11.Buzura suppressaria

Experimental setup for bio-efficacy test of th plant extracts against insect pests
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2.4. Collection of insect pests and laboratory matenance

Culture of Red Slug CaterpillaEterusia magnificg Bunch CatterpillarAndraca
bipunctatg Tea Mosquito BugHelopeltis theivory Tea Thrips $cirtothrips dorsaliy
Tea Jassids Empoasca flavescens Looper caterpillar Buzura suppressar)a are
maintenance in the laboratory (Plate-4, Palte-&tePé and Plate-7) which have collected
from unsprayed experimental tea garden maintaimedhe department of Zoology,
Sibsagar College, Assam under this project (Plater8l also from other tea gardens of
different places. The new generations produceshbyget adults are maintained inside the
glass cage. The insects are reared inside glasabena(Temperature 28%C and RH
7545%) on freshly collected twigs. A bunch of twigstaining 4-5 young leaves are kept
in both beaker and conical flasks (250ml), contajnfresh water, which are changed
regularly. Tea Termitefdontotermes assamensimve collected from the tea gardens and
maintains at a temperature of 28€ and 705 % RH in wooden boxes (30 x 15 x 10 cm)

with soils and dry tea wood pieces.

2.5. Bio-efficacy test of the plant extracts

Bio-efficacy test of the plant extracts affedlent insect pests have determined by
the following methods.
2.5.1. Bio-efficacy test against different insectgsts
Contact toxicity test

Contact toxicity test against the insect pests hasen observed by filter paper

method (Patilet al, 2000). One ml of plant extract was applied ton® diameter filter
papers (Whatman No. 1) placed at the bottom inmh@@meter petridishes and air-dried
for 30 minutes. Ten numbers of insect pests wdeased on the treated filter paper and

mortality has been recorded after 24 h. In corar@ ml acetone was applied to the filter
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paper. In these experiments insects were in dicectjinuous contact with the treated filter

paper.

Antifeedant test

Fresh shoots of TV1 tea varieties were ctéié@ from the unsprayed experimental
tea garden. The collected shoots were then spraitaddifferent concentrations (viz. 0.5,
1.0, 2.0 and 4.0%) of extracts with a pre calildateand atomizer to the point of no
dripping using 2ml of emulsion. The sprayed shomése then allowed to dry for five
minutes (Pandegt al, 1987). Three numbers of treated shoots were kbphin a conical
flask of 50ml having water inside it by wrappingtiviabsorbent cotton (Kalitat al,

1995).

Two numbers of 6 h starved addlt theivorawere released to the treated shoot
and covered with glass chimney. There were sixigafpbns for each treatment and
control. The insects were then allowed to feed2®rh and the number of feeding spots
were recorded .The shoots in control were sprayidd 5% triton x-100 in acetone only.

In every treatment 0.5% triton x-100 was used aslgifrer.

2.5.3. Comparison of plant extracts with commerciainsecticides

The most effective plant extract(s) have compardétl wne synthetic insecticide
Endosulfan 35% EC (Excel Industries Ltd., Indiajl ane herbal, Neem gold (Southern
Petrochemical Industries Corporation Ltd., IndiB)e LG values of the insecticides and
the plant extract against termites have determwiéid four concentrations (0.25, 0.5, 1.0
and 2.0 percent). Different concentrated solutioh€Endosulfan and Neem gold have

prepared by adding distilled water. After 24 hrebtment, mortality is recorded.
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2.5.4. Bio-efficacy of plant extracts against insépests feeding on alternate host plant
A. Against looper caterpillar, Buzura suppressaria

Effect of most effective plant extract(s)vbaested againduzura suppressaria
feeding on different host plants which are comma@iénted as shade tree plants in the tea
gardens. A small bunch of foliage from each hoashpwas cut and the cut ends were
immerged in glass vials containing water. Differeahcentrations were sprayed on to the
bunch of foliage. The whole arrangement was codfinea plastic container. Observations

were made on the repellent effect as well as fepdliarks caused by the caterpillar.

B. Against Tea mosquito bugHelopeltis theivora
Influence of alternate host plant on insdxtredance and susceptibility to the plant

extracts have studied. A total number of five pantz., Adhatoda vasicaMikania
micrantha, Melostoma malabathricuamd Eupatorium odoratumvhich were found most
abundantly and frequently in near by tea gardeasahave taken to the study. Fresh shoots
of the plants have collected from untreated fialidlks have dipped in water in conical
flask and supplied to a freshly emerged adult bejgf kn glass cages. The tender shoot of
each plant species have placed inside a glass @ng@d cm glass cylinder) in a circular
manner maintaining equal distance from the ceiiteree numbers of glass chambers with
similar arrangement have done for replication. Addll theivorawere then released to
each chamber at the center of this arrangemergr 2# the numbers of spots produced in
each plant have recorded separately for deterromatf feeding preference to all the
tested alternate host plants.

To study the survival status Bif. theivoraon alternate host plants, which are found
to be preferred bid. theivorg were sprayed with 2.0 percent concentration édroform
extracts ofP. parviflorusandH. theivorawere allowed to feed on them. Then the various

life parameters like egg laid (fecundity rate/feg)alincubation period (days),
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developmental period {instars to ¥ instars), and longevity of adults and weight d th
insects have recorded.
2.5.5. Toxicity studies against the insect pests @eneficial insects in field condition
The field experiment with 2.0% chloroform extracit P. hydropiperand P.
parviflorus were carried out in randomized block design (RB@th three replications.
The treatment was applied two times. First spray pravided at appearance of major leaf
eating and sucking insect pests and second spraywegek after first spray. The insect
pest’s population was counted at one day beforepardday after application of treatments
on 5 randomly selected plants from each plots. @dreeficial insects viz. Lady bird beetle
and Foraging bee population was also counted ih plt before and after application of

treatments. In the control only acetone was sprayed

2.5.6. Toxicity studies of plant extracts on labor@ry animals

2.5.6.1 Toxicity on mice Male mice weighing 20-25 g were divided into I8ups, each
containing 6 mice. The most effective plant extraet the chloroform extracts d?.
hydropiperandP. parvifloruswere dissolved separately in propylene glycol anected
(0.2 ml/mice for each dose) subcutaneously in Tigs at a dose of 650, 700, 750, 800,
850 and 900 mg/kg mice body weight respectivelye TB" group (control) was treated
with normal propylene glycol only. Mortality wasc@ded after 24 h. L§ was computed
according to the method of Litchfield and Wilcox@®49).

2.5.6.2 Assay of haematological and biochemical ganeters in extract treatedmice:
Sub-lethal dose of L§ (1/10" of the LDy, dose) of the extracts were subcutaneously
injected in two groups, containing 10 mice for WBRBC counting and serum cholesterol.
Another group (control) was treated with normalgylene glycol only. The injections

were given once a week for six weeks. One day #fieffinal injection blood from each
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mouse was collected and WBC, RBC and serum chotéstere estimated by using the

techniques of Bhatnagar and Garg (1987).

2.5.7. Study the residual effect of the plant extracts

To study the residual effect, persistence and lifalfperiod of the plant extracts, the
most effective plant extract(s) were tested agaite tea termite,Odontotermes
assamensisThe most effective plant extracts i.e. the chHiomm extracts oP. hydropiper
and P. parviflorus were tested again€d. assamensisFour sets of experiments were
prepared at the same time. One ml of plant exti@&aiéfferent concentrations viz. 0.5, 1.0,
2.0 and 4.0 % were applied to each set of 9 cm ebanfilter papers (Whatman No. 1)
placed at the bottom in 10 cm diameter petridishesach set of experiments and air-dried
for % an hour. Ten numbers of insect pests wesaseld on the®iset of the treated filter
paper after 2 h. The same numbers of insects vetgased in the"?, 3¢ and 4" sets of
petridishes after 24h, 48h and 72h respectivelyritdioy of the insect pests was recorded
after 24 h in each set of the experiments. Inrobrdne ml acetone was applied to the

filter paper.

2.5.8. Fractionation of most effective plant extrais) and their bioassay

To find out the active component responsile insecticidal activity, the most
effective plant extracts have fractionated and dsisayed separately. Then the active
fractions have taken for characterized throughNRIR and MS analysis.

The most effective plant extracts i.e. the chlonofoextract of leaves of.
hydropiperhave fractionated on a silica gel column (60-12&im) and successively eluted
with step wise gradient of petroleum ether, etrogtate/petroleum ether (1:10, 1:5, 1:3),

chloroform, methanol/chloroform (1:10), methanate®ne and finally with water. The
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solvents of all the fractions (I to IX) were allosvéo evaporate under reduced pressure and
dried at vacuum. The residues were taken as stdekstocks were dissolved in acetone to
prepare one percent solution. To test the effigafcglifferent fractions ofP. hydropiper

the topical application method was used againsteimite, Odontotermes assamensis

2.6. Characterization of the active fraction

2.6.1. Infra-red Spectroscopy (IR)

The infra-red spectrographs (IR) of the maxdive chromatographic fraction No.
[Il of P. hydropiperand fraction No. IV oP. parvifloruswere recorded in a Perkin-Elmer,

Model System- 2000.

2.6.2. Nuclear Magnetic Resonanc®\MR)

The NMR spectra of the most active chromatoigia fraction No. Il of P.
hydropiperand fraction No. IV oP. parvifloruswere recorded in a Bruker Spectrometer,

Model Advance DPX 300.

2.6.3.Mass Spectrometry (MS)

Mass Spectrograph (MS) of the active fractitm Il of P. hydropiperand fraction

No. IV of P. parvifloruswere recorded in a Thermo Fisher, Model- Trace DSQ

2.7. People awareness programme

Awareness campaigns have conducted among the coitresurf some identified
areas where small tea gardens are available wétdp of local common people, local

NGOs and school teachers for protecting the natesadurces as well the use of botanical
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insecticides. Some popular articles have publistred presented papers in seminars to
aware the people about the eco-friendly plant eidrand the adverse effect of hard

synthetic insecticides.

2.8. Statistical analysis

The experiments were conducted in both Ramzied Block Design (RBD) and
Completely Randomized Design (CRD). The data wedeatistically analyzed by the
method of analysis of variance (ANOVA). For some thé experiments percentage
mortality data were transformed into arc sine tfamsation in order to make the analysis
of variance valid and feasible. The transformed de¢re statistically analyzed from the
total variation. The significance or non- significa of given variance was determined by
calculating the respective values of ‘F' and by paning the calculated ‘F’ values with
corresponding tabulated ‘F’ values at 0.1 and O@®bability levels of significance. CD

was calculated using formula described by GomezGomez (1984).
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Experimental Findings

During the period of second year (01.05.2010 t®€8@011) three different solvent
extracts of leaves ¢tolygonum hydropipekinn. andPogostemon parvifloruBenth. were

tested against some major insect pests of teafifidiags are summarized as follows.

3.1. Contract toxicity test against Bunch Caterpilar, Andraca bipunctataWalker.
Bio-efficacy test of different solvent extracts lglaves of some plants against
Andraca bipunctataNalker. are presented in table 1. The resultscatdithat all the leaf
extracts caused mortality of the caterpillars, hasvechloroform extracts of leaves of ten
plants showed higher mortality than the petroletinereand methanol extracts. Among all
extracts, maximum percentage of mortality was oleihiin chloroform extracts d?.
hydropiperandP. parvifloruscausing 100% mortality at 2.0% concentration. &ots of
the plant,D. chlorxylonandA. calamusshowed minimum effects on the caterpillar. The

extracts of the remaining plants showed moderdgetst

3.2. Contract toxicity test againstea termite, Odontotermes assamenditlm.

The screenings of different solvent rasis Polygonum hydropiperand
Pogostemon parvifloruagainst the workers are depicted in tabl&'2e results indicate
that all the leaf extracts cause mortality of therkers. Leaf extracts d?. hydropiper
caused higher mortality than the extractsRof parviflorus Other hand, chloroform
extracts caused higher mortality than the petroletimer and methanol extracts. Mortality
was found to be 100% by petroleum ether extrac. dfydropiper,where as it was only
80.00% by petroleum ether extractsRof parviflorusat 2.0% concentration. Among all

extracts, maximum percentage of mortality was olehi in chloroform extracts of
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Polygonum hydropipercausing 100% at 2.0% concentration only. The etdraf the
remaining solvents showed moderate effects onetfmeitie workers. The study showed that

with increase in concentrations of the extract, tality of termite increased.

3.3. Antifeedant test against tea mosquito budfjelopeltis theivorawaterhouse

Antifeedant activity of different solvent extractsf leaves of Polygonum
hydropiperagainst % instar and adults dfielopeltis theivoraare presented in table 3 and
table 4 respectively. The results indicate thaalinthe treatments the average number of
spots was invariably less as compared to that ofrcb However petroleum ether extracts
showed highest antifeedant property by deterring itsects from feeding than the
chloroform and methanol extracts. Data reveals ttratantifeedant activity of petroleum
ether is highest with only 13.62:88 numbers of spots by th& Bistar nymphs at 4.0 %
concentration against the control value of 15516/67 numbers of spots (Table 3). At the
same concentration it was 13.3029 numbers of spots by the adults against thé&aon
value of 170.008.52 numbers of spots (Table 4). Treatment witidddncentration was
observed to possess the highest efficacy followedréatment with 2.0, 1.0 and 0.5%

concentration of the extracts.

3.4. Comparison of plant extract(s) with commercialnsecticides

The most effective plant extracts i.e. petroleuheeextracts oP. hydropiperwas
compared with endosulfan 35% EC. The results retredlthe synthetic insecticide gave
the higher antifeedant activity by reducing thediag spots (Table 5). The mean number
of spots at 2.0% concentration with endosulfan 35%treated was 12.08#82 and the

number spots in plant extracts were 18&®¥ by the % instars nymphs. At the same



20

concentration the numbers of feeding spots by thidtawere 13.002.86 and 18.674.25
in endosulfan 35% EC treated and plant extracttdcerespectively. However, the plant
extracts are in crude form and after fractionatlmmactive compound(s) are expected to be
highly effective at much lower concentration.

The LG value of chloroform extracts &f. hydropipey P. parviflorus Endosulfan
35% EC and Neem gold have found to be 0.36, 0.29, &d 0.28 respectively against the
termite,O. assamensiélable -6). However, the results indicates thatglant extracts are
in their crude form and so has higherstk@alue that that of Endosulfan 35% EC and

Neem gold.

3.5. Bio-efficacy of plant extracts against insegiests feeding on alternate host plants

A. Against looper caterpillar, Buzura suppressaria

Effect of most effective plant extract(s)vbaested againduzura suppressaria
feeding on different host plants which are commaiénted as shade tree plants in the tea
gardens.

The result indicated that efficacy of chloroformtrexts ofP. hydropiperandP.
parviflorus were most prominent againBt suppressarideeding onindigofera teysmani
No feeding by caterpillar oh teysmaniwas noticed at 1.0 and 2.0% concentration of the
chloroform extracts oP. hydropiper It was also observed that chloroform extract® of
hydropiperis more effective than the chloroform extractsPof parviflorus againstB.
suppressariaAt 2.0% concentration no insects (0.0030) were reached to the buncH.of

teysmantreated with chloroform extracts Bt hydropiper(Table 7).
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Table 1. Efficacy of different solvent extracts ofeaves of some plants on Bunch

caterpillar, Andraca bipunctataWalker.

Conc. | % Mortality of caterpillar after 24h of treatment b y
Plant (%) Petroleum ether Chloroform Methanol
extract extract extract
Pongamia glabra 0.5 6.67+2.714pc 36.674#4.724h 16.67#.71cqet
1.0 23.334.7 kyh 50.0048.16; 23.33#4. 71
2.0 40.0040.00; 86.67#4.71, 46.6742.47%,
Anona squamosa 0.5 3.3340.58,, 26.672.71¢ 6.67+2.7241c
1.0 6.6742.714nc 43.33#4.7 1y 23.33#.7 1
2.0 16.674#4.7 et 76.674.71 46.674#4.71;
Clerodendron 0.5 10.0040.00pq 13.33#.72) 13.33#.71pcge
siphonanthus 1.0 13.33#.714e 20.0040.00¢4e 20.0040.00es
2.0 23.33#4.7 1t 36.674.71y, 46.6745.76p
Acorus 0.5 3.3340.97, 23.33#.714e 16.674.71 e
calamus 1.0 16.67#.7 1yet 26.67#4.71 36.6749.434n
2.0 20.0040.00¢f, 53.3349.43 40.0040.00;
Polygonum 0.5 16.67#.71ges 43.33#.47}, 3.33+2.724p
hydropiper 1.0 33.335. 774 86.67+42.47, 10.0040.004pcqg
2.0 46.6742.47, 100.006.00, 26.6749.43¢
Ageratum conyzoides 0.5 6.6742.724nc 23.3345.774e 3.33#4.714
1.0 13.33#4.71cq4e 43.33#4.7 1 16.6745.77 cqet
2.0 33.33#4.71; 86.67+2.47, 40.0040.00;
Diospyros chlorxylon| 0.5 0.0040.004 13.33#4.71 0.0040.004
1.0 6.6742.714nc 16.67#.71pq 0.0040.00,
2.0 10.0040.00pcc 33.3345.05¢ 16.67#.71 e
Duranta 0.5 3.33R.71, 10.0040.00, 0.0040.0Q,
repens 1.0 10.0040.0Qy 23.33#.714e 3.33R2.714
2.0 23.33#4.7 1t 56.67#4.71; 13.33#4.71pcq
Pogostemon 0.5 20.0040.00¢1g 23.3356.774e 3.3382.724
parviflorus 1.0 26.67#4.714, 50.00+D.00; 10.0040.00,
2.0 46.67#4.71; 100.000.00, 26.674#4.714y
Melia azedarach 0.5 0.0040.00, 13.33#4. 71 0.0040.00,
1.0 6.67+3.854¢ 40.0040.0Qy, 0.0040.00,
2.0 13.3383.71cq¢ 56.6745.77 3.33R.714
Control 0.0 0.006.00, 0.00+40.00q, 0.00+40.00Q,
CD at 5% - 8.76 9.88 10.61

Each mean_($D) represent three replicates of 10 caterpillars
Means followed by a common letter as subscripnatesignificantly different [P=0.05, ANOVA

and Duncan’s multiple range test (Gomez and Gof®84)]
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Table 2. Efficacy of extracts of leaves in differensolvent of P. hydropiperand P.
parviflorus on the workers ofO. assamensis

Conc. % Mortality after 24h of treatment in
Plant (%)
Petroleum ether Chloroform Methanol
0.5 46.67+9.43 c 53.33+9.43 ¢ 13.33t5.44 a
Polygonum 1.0 73.33£11.55de| 86.67+9.43 def 33.33+9.42 bc
hydropiper 2.0 93.334£9.43 ef 100.00+0.00 f 53.33£24.94 cd
4.0 100.00+0.00 f 100.00+0.00 f 73.33£9.43 d
0.5 13.33+5.45 ab 33.3319.42 b 13.33t5.44 a
Pogostemon| 1.0 26.67+9.43 b 46.67+9.43 bc 20.00+£0.00 ab
parviflorus 2.0 60.00£0.00 cd 73.33£9.43 d 33.3349.43 bc
4.0 80.00+16.33 e 93.334£9.43 ef 73.33£9.43 d
Control 0.0 0.006.00, 0.0040.0Q, 0.0040.0Q,
CD at 5% - 18.66 16.16 23.79

Each mean_($D) represents three replicates of 10 workers.
Means followed by a common letter as subscriptnatesignificantly different [P=0.05, ANOVA
and Duncan’s multiple range test (Gomez & Gome84)10

Table 3. Antifeedant activity of different solventextracts of leaves oP. hydropiperon
3 instars nymphs ofHelopeltis theivorawaterhouse.

No of spots produced

Conc. (%) Petroleum ether Chloroform Methanol
extract extract extract

0.5 57.00+.87y 101.60R.42. 140.666.28.
1.0 20.336.73, 85.00#.75p 113.308.81¢
2.0 18.6743.67, 73.0045.27 4 87.6046.40y
4.0 13.67+2.88, 56.00+4.78, 59.00+3.77,
0.0 155.6716.67, 155.6746.674 155.6746.674

CD at 5% 28.70 26.89 27.99

Each mean_($D) represent three replicates
Means followed by a common letter as subscripnatesignificantly different [P=0.05,
ANOVA and Duncan’s multiple range test (Gomez amn®z, 1984)]
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Table4. Antifeedant activity of different solvent extracts of leaves ofP. hydropiperon
adults of Helopeltis theivoraNaterhouse.

No of spots produced
Conc. (%) Petroleum ether Chloroform Methanol
extract extract extract
0.5 56.674#4.37, 127.0043.68, 120.005.27,
1.0 29.678.78, 115.004.19, 101.004.48y
2.0 18.674#4.25, 64.004#4.32, 81.334#4.90,
4.0 13.00+3.29, 45.60+ 4.28, 53.66+4.81,
0.0 170.008.52, 170.008.52, 170.008.524
CD at 5% 20.07 24.99 22.34

Each mean_($D) represent three replicates
Means followed by a common letter as subscripnatesignificantly different [P=0.05,
ANOVA and Duncan’s multiple range test (Gomez aman®z, 1984)]

Table 5. Comparison of antifeedant activity of petoleum ether extracts of P.
hydropiperwith endosulfan 35% EC on & instars nymphs and adults ofH.

theivoraWaterhouse.

No of spots produced

Conc. 37 instars nymphs Adults
(%) Petroleum Endosulfan Petroleum ether |  Endosulfan
ether extract 35% EC extract 35% EC
0.5 57.00+.87%, 19.332.42, 56.67#4.37, 18.304#4.00,
1.0 20.3346.73, 16.674.52, 29.6713.78, 16.304#4.48,
2.0 18.6713.67, 12.002.82, 18.674#4.25, 13.00%2.86,
0.0 155.6716.67; 155.6746.67, 170.008.52, 170.008.52,
CD at 5% 32.75 28.21 18.13 17.59

Each mean_($D) represent three replicates

Means followed by a common letter as subscriphatesignificantly different [P=0.05,
ANOVA and Duncan’s multiple range test (Gomez aman®z, 1984)]




24

Table 6: LCso value of chloroform extract of leaves ofPolygonum hydropiperand
Pogostemon parvifloruggainst tea termite,Odontotermes assamensis

Treatment Regression LC 50 (%) Fiducial limits
equation (95% confidence
limits)

Polygonum Y=-0.64+2.21X 0.36 0.239-0.524

Hydropiper

Pogostemon Y=-0.28+1.79X 0.89 0.474-1.67

parviflorus

Endosulfan 35% EC Y=-1.54+2.65X 0.29 0.204-0.427

Neem gold Y=-2.04+2.86X 0.28 0.195-0.427

Table 7: Effects of chloroform extract of P. hydropiperand P. parviflorus on Buzura
suppressarigsuen. feeding on different alternate host plants.

Treatment | Conc | Number of insect reached to the treated Feeding marks present afte
(%) bunch 24 h

A B C D E A B C D E

0.5 3.33| 167 | 233 | 233 3.67 | +++ | + | ++| + | +++
+0.58| +0.47| +0.58| +0.47 | +0.58

P. hydropiper| 1.0 1.67| 1.33 | 1.67 | 2.00 2.67 | ++ - + | + |
+0.47| +0.58| +0.58| +0.00 | +0.47
2.0 1.33| 0.00 | 1.33 | 0.20 1.67 + - + - +

+0.58| +0.00| +0.58| +0.47 | +0.58

0.5 433 | 233 | 3.33 | 3.67 433 | ++ + | |+ |
+0.58 | +0.58 | +0.18| +0.58 | +0.47

1.0 3.00| 233 | 3.00 | 2.67 3.33 | ++ + + | + | ++

P. parviflorus +0.00| +0.58 | +1.22| +0.47 | +0.58
20 | 200] 067 | 1.67 | 1.33 | 233 | - T - =

+1.22 | +0.47 | +0.47| +1.22 | +0.47
Control 00 | 967 7.33 | 9.00 | 9.00 | 10.00 | +++ | +++ | ++| ++| +++

+0.47| +0.58 | +1.22| +1.22 | +0.00

A= Dalbergia assamica Ba#ndigofera teysmani
C=Albizzia odoratissima D=Albizzia chinensis E=Camellia sinensis
Each mean &D) represent three replications
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B. Against Tea mosquito bugHelopeltis theivora

Influence of alternate host plant on inséxtradance and susceptibility to the plant
extracts have studied. The results indicates tffataey of chloroform extracts oP.
parviflorus have found more effective than the chloroform a&ots of P. hydropiper
againstH. theivorafeeding on different host plants. Efficacy was ma®minent onM.
micranthawhere only 1.676.43 numbers of insects reached to the treatedtslidable

8), treated with 2.0% chloroform extractsRofparviflorus

The bioactivity of extracts on the survival statddH. theivoraon alternate host
plants after treatments with 2.0% chloroform exsaaf P. parviflorusare presented in
table 9. The number of eggs laid is found maxinamAdhatoda vasicd16.96+.46)
than the other three alternate host plants in cosga to the main hostCamellia
sinensis(22.56#.76). Different life stages are found to be cortealeby insects irA.
vasicg E. odoratumand M.malabathricum however the longevity of adults da.
odoratumand M. malabathricumare found to be very short (1.45%2 and 1.978.58

days). In extract treatdd. micrantha,the insect could survive only uptd*nstars.

3.6. Toxicity studies against the insect pests ameneficial insects in field condition

Significantly low number of insect pests recordegliot treated with both the plant
extract of P. hydropiperand P. parviflorus Population ofH. theivora decreased from
15.202.76 to 4.60%.02 in the plots treated with 2.0% chloroform exts of P.
hydropiper where as it increased from 15.4034 to 18.002.45 in untreated plots.
Number ofB. suppressariadecreased from 3.2Q#20 to 1.20%.01 in the plots treated

with the extracts oP. hydropiperwhere as in untreated plots it increased from 81506
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to 4.404.33. Similar observation was also observed impthts treated with the extracts of

P. parviflorus(Table 10).

3.7. Toxicity studies of plant extracts on laboraty animals

3.7.1. Toxicity on mice:Percent mortality and the lspvalues, regression equation and
regression line of chloroform extract of leavesPohydropiperandP. parviflorusagainst
swiss male albino mice are presented in table Ul fap 1. The regression line were
calculated Y = 4.760 + 0.084x and Y = 4.882 + 0x04ar P. hydropiperand P.
parviflorus respectively. The LEy of the extract were found to be 724.44 mg/kg and

750.00 mg/kg in male albino mice fBr hydropiperandP. parviflorusrespectively.

3.7.2. Assay of haematological and biochemical pareeters in extract treated mice:
Table 12 shows the mean values of haematologidades such as WBC and RBC count
along with serum cholesterol in mice. In the cohtroce the WBC was found to be
11.3740.56 x 16/ml and for extract treated it were 9.1027 x 16/ml mice and 9.818.67
x 10*/ml mice, treated witlP. hydropiperand P. parviflorusrespectively. The RBC of
control mice was 6.74%x33 x 16/ml and in extract treated mice it were 5.0558 x
10°/ml and 5.688.42 x 16/ml mice, treated withP. hydropiperand P. parviflorus
respectively.

Serum cholesterol in control mice was found to [#840.36 mg/100ml and in
extract treated mice witR. hydropiperandP. parviflorusit were 1.616.22 mg/100ml

and 1.466.23 mg/100ml respectively.

3.8. Study the residual effect of the plant extras

To study the residual effect, persistence and lifalperiod of the plant extracts, the

most effective plant extract i.e. the chloroforntragts ofP. hydropiperandP. parviflorus
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were tested again€. assamensidn the £' set of experiment i.e. the treated filter paper
after Y2 h, the number of mortality of the termiteasw100% both at 2.0 and 4.0%
concentrations of thB. hydropiper In the same set and same concentrations thelnort
was 73.33 and 93.33% respectively. However, theatityrwas gradually decreases each
successive sets i.e. from 24h to 72h. In thesdts of petridishes having the plant extracts
before 72h the mortality was only 3.33% at 4.0%cemrtrations of botl. hydropiperand

P. parviflorus In this set no mortality of insects were thereOab, 1.0 and 2.0%

concentrations of the extracts (Table-13).

3.9. Fractionation of most effective plant extrac) and their bioassay

To find out the active component responsiole insecticidal activity, the most
effective plant extracts have fractionated anddssayed separately.

Bioactivities of different chromatographic fractonf most effective plant extracts
l.e. P. hydropiperare presented in table 14. Data represents treememortality of the
termite workers after 24h of treatment at 1.0% eom@tion by topical application
method. It is observed that among the eight frasti@l to VIII) obtained by column
chromatography, the fraction No. V (eluted witharbform) is the most toxic against the
termite, causing 88.20% mortality followed by fiaat No. IV (eluted with petroleum
ether/ethyl acetate, 1:3) causing 45.70% mortalityt.0% concentration. Other fractions
exhibited moderate effects against the termite.

Table 15 shows that fractionation of effective @&uextracts by column
chromatography revealed that the fraction No lthykacetate/petroleum ether, 1:5)Rf
hydropiperand No IV (ethyl acetate/petroleum ether, 1:3)Pofparviflorus were most
effective against the caterpillar. It was also obsé that chloroform extracts d®.

hydropiperis more effective thaR. parviflorusagainstA. bipunctata There the mortality
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of caterpillar was found 100% after 24h of treattranl.0% concentration of the fraction
No. Il of P. hydropiper At the same concentration, the fraction No. I\Pofparviflorus
caused 96.67% mortality after 24h of treatment.

3.10. Purification and characterization of the isated compounds

The IR, NMR and MS spectrum of the fraction No.RIIhydropiperis presented in
Fig. 3, Fig. 5 and Fig. 7 respectively and theNIRJR and MS spectrum fraction No. IV of
P. parviflorusis presented in Fig. 4, Fig. 6 and Fig. 8 respebtiv

The IR, NMR and MS spectrum analysis revealed thatfraction No. Il ofP.
hydropiper may have carbonyl group (peak at 1723.1%trand this was due to an
aldehyde group and the molecular mass of the actiwepound may be 121.0. On the
other hand, the fraction No. IV &f. parviflorusmay have —OH group (peak at 3403.2 cm
1) and the molecular mass of the active compoundinea}08.9.

3.11. People awareness programme

People awareness programmes were arranged inevilegpas where the small tea
gardens are growing rapidly. By these programmesp@ople became aware about the
various adverse affects of hard synthetic inset#si most important being detection of
pesticidal residues in made tea, development ddteese to insecticides in target species,
pest resurgence, death of beneficial insects, skecgrpest outbreak and environmental
contamination for a long time.

Through this programmes the peoples become awangt &e insecticidal plants
and their eco-friendly plant extracts which are treféective against several major insect
pests of tea in their areas. Attempt was also nadeake people aware for the cultivation
and conservation of insecticidal plants. Some faparticles have published and
presented papers in seminars to aware the peoplg tie eco-friendly plant extracts and

the adverse effect of hard synthetic insecticides.
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Table 8 : Effects of chloroform extract of P. hydropiperand P. parviflorus on
Helopeltis theivora Waterhouse. feeding on different alternate host
plants.

Conc
Treatment . Number of insect reached to the No of spot produced
(%) treated shoots

A B C D E A B C D E
0.5 6.45| 4.67 | 460 | 6.76 6.00 | 10.60| 8.67 | 9.25 | 9.33 | 12.33
+0.76 | +2.13| +0.58 | +2.46| +2.33 | +1.46| +3.13| +1.23 | +0.58 | +1.76
P. 1.0 6.00| 3.00 | 3.33 | 5.46 6.33 823 | 545 | 7.76 | 6.67 | 8.00
hydropiper +0.00 | +1.58 | +0.58 | +2.33| +1.776| +1.89 | +2.03 | +1.23 | +1.23 | +1.03
2.0 423 | 3.33 | 223 | 3.23 | 4.46 533 | 467 | 5.00 | 533 | 5.46
+0.89| +1.03| +1.33| +0.76| +0.58 | +1.37| +0.76| +0.86 | +0.98 | +0.76
0.5 476 | 243 | 3.72 | 4.76 5.76 588 | 246 | 545 | 596 | 6.96
+0.43| +0.52| +0.66 | +0.52| +0.43 | +0.33 | +0.43| +1.45| +0.88 | +145
1.0 596 | 2.46 | 3.00 | 4.00 5.26 449 | 200 | 2.99 | 400 | 5.46
P. +0.42| +0.76| +0.53 | +1.07| +0.43 | +0.58 | +1.00 | +0.46 | +0.46 | +1.45
parviflorus 507346 | 1.67 | 245 | 2.09 | 350 | 2.33 | 1.50 | 2.71 | 2.50 | 4.00
+0.88 | +0.43| +0.58 | +0.58| +0.10 | +0.34 | +0.25| +0.98 | +0.50 | +1.07
Control 0.0 | 76.00 18.76| 24.00| 26.76| 36.00 | 256.0| 145.6| 200.0| 245.0| 298.4

+5.34| +3.46| +1.00 | +3.45| +1.00 6 0 0 7 6
+4.76 | +3.33| +2.50| +7.45| +4.76

A= Adhatoda vasica B-Mikania micrantha
C=Melostoma malabathricum D= Eupatorium odoratum E= Camellia sinensis
Each mean @D) represent five replications

Table 9: Survival status ofHelopeltis theivorawaterhouse.on treated alternate host

plant treated with 2% chloroform extract d Pogostemon parviflorus

Egg/ | Incubat Developmental period (days) Adult | Wt. of bug

day ion 1 2" 3 4™ | Longevi (mg)
Plant species / Period instar instar | instar | instar ty
(days) (days)

A. 16.96 5.58 2.47 2.00 3.45 3.33 18.76 2.52

vasica +4.46, | +0.59, | +0.58, | +0.00; | +0.58,, | +0.57, | +0.52. +0.52,

E. odoratum 1.97 4.58 2.09 1.81 2.42 2.00 1.97 1.47

+0.58, | +0.43,, | +0.58, | +0.52, | +0.98, | +0.00, | +0.58, +0.08,

M. 2.98 2.00 3.33 3.42 2.87 2.45 1.45 1.47

malabathricum| +0.52, | +0.00, | +0.58, | +1.08, | +1.05, | +0.58, | +0.524 +0.08,

M. 1.08 2.42 3.00 2.89 0.00 0.00 0.00 0.00

micrantha +0.51, | +1.08, | +0.00, | +1.58, | +0.00, | +0.00, | +0.00, +0.00,

22.56 7.50 2.58 3.45 3.76 2.00 19.58 2.98

C.sinensis | +4.76; | +1.00,, | +0.47, | +1.02, | +1.08. | +0.00, | +1.47. +0.52;
CD at 0.05 3.42 4.34 0.92 0.56 1.23 0.78 1.56 0.48

Each mean ($D) represent five replications
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Table 10 : Effects of 2.0% chloroform extract ofP. hydropiperand P. parviflorus on
major insect pests and beneficial insects in fieldondition.

Treatment

Average number of insects/five tea plants

H. theivora B. suppressaria Lady bird beetle Honey bee

BT AT BT AT BT AT BT AT
P. hydropiper| 15.20| 4.60 | 3.20 1.20 2.20 2.70 3.60 3.80
+2.76| +1.02 | 41.20 | +1.01 | +1.01 | +0.96 | +1.23 +1.46
P. parviflorus | 12.80| 4.40 | 3.80 1.20 1.10 1.30 3.50 3.70
+2.36| +1.56 | +1.26 | +0.98 | +0.76 | +1.02 | +1.33 +2.02
Control 15.40| 18.00 | 3.50 | 4.40 2.20 2.40 3.30 4.50
+1.34| +245| +1.76 | +1.33 | +0.76 | +0.98 | +1.20 +1.56

BT= Before Treatment

AT= After Treatment

Each meanSD (n =5)

Table 11: LDsg value of chloroform extract of leaves oP. hydropiperand P. parviflorus
in male albino mice

Group of mice Dose | Mortality LDsg
Treatment (n=6) (mg/kg) (%) Regression (mg/kg)
equation
1 650 0.00
2 700 33.33
3 750 66.67
P. hydropiper 4 800 83.33 Y=4.760+0.084x| 724.44
5 850 83.33
6 900 100.00
7 650 0.00
8 700 33.33
9 750 33.33
P. parviflorus 10 800 66.67 Y= 4.882+0.041x| 750.00
11 850 83.33
12 900 100.00

Values are meanSb (n=3).
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5.01

5.008+
5.006
5.004+
5.002+

Probit
(2]

4.998+
4.996-
4.994+
4.992+

4.99

2.81

2.85

2.88
Log dose

290 2.93 2.9

—8— P, hydropiper (Y=4.760+0.084x)
—&— P. parviflorus (Y=4.882+0.041

Fig.-1: Log dose and probit curve oP. hydropiperand P. parviflorus for male albino

mice.

Table -12 : Effects of chloroform extract of leave®f P. hydropiperand P. parviflorus
on WBC, RBC and Cholesterol of albino mice.

Control Treatment
Parameters
P. hydropiper P. parviflorus

WBC 11.3740.56 9.1040.27 9.8140.67
(x 10¥/ml)

RBC 6.7440.33 5.0140.58 5.6840.42
(x 10°%/ml)
Cholesterol 1.2340.36 1.6140.22 1.4640.23

(mg/100 ml blood serum)

Values are meanSD (n=3).
Comparison of data due to control and treated me® made with an

unpaired t-test (P=0.05, df = 4).
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Table 13. Residual effects chloroform extracts oP. hydropiperand P. parviflorus on
the workers of O. assamensis

Conc. % Mortality of termite in chloroform extracts appli ed before
Plant (%)

% h 24h 48h 72h
0.5 53.33+9.43 c 3.3340.58, 00.00+0.0Q, 00.00+£0.0Q,
Polygonum| 1.0 86.67+9.43 def| 6.6742.71,, 3.3340.58,, 00.00+£0.0Q,
hydropiper 2.0 100.00+0.00 f| 33.33+9.424 20.00+0.0Q 00.00+£0.0Q,
4.0 100.00+0.00 f| 53.331+9.43 33.3319.4% 3.3340.58,
0.5 33.3319.42b | 6.67R.71,, 00.00+0.0Q, 00.00+£0.0Q,
Pogostemon 1.0 46.6749.43 bc| 13.67#.71,pc 3.3340.58,, 00.00+£0.0Q,
parviflorus 2.0 73.33£9.43d | 20.00+0.0Q, 13.67#4.71p¢ 00.00+£0.0Q,
4.0 93.33+9.43 ef | 33.3319.424 20.00+0.0Q 3.3340.58,
Control 0.0 0.006.0Q, 0.0040.00, 0.0040.00, 0.0040.00,
CD at 5% - 16.16 14.12 12.22 3.06

Each mean_($D) represents three/five replicates of 10 workers.
Means followed by a common letter as subscriptnatesignificantly different [P=0.05, ANOVA
and Duncan’s multiple range test (Gomez & Gome84)10

Table 14: Efficacy of different chromatographic fractions of chloroform extract of
leaves ofP. hydropiperagainstO. assamensis

*Eluting solvent system **Fraction | % Mortality of termite after 24 h***
No.
PE I 19.318.57,
EA/PE (1:10) Il 37.503.40¢¢
EA/PE (1:5) [l 41.602.964n
EA/PE (1:3) \Y 45.7010.20,
Chloroform V 88.208.55
Methanol/ Chloroform (1:10) VI 39.69€.13
Methanol VI 34.07%.39¢
Acetone VIlI 32.85¥.42
Water IX 22.3841.11,
Control - 0.00+0.09
CD at 5% - 3.26

* PE= Petroleum ether, EA= Ethyl acetat

** 1.0% concentration of each fractiwas applied

*** Each mean ($D) represent three replicates of 10 termite warker
Means followed by a common letter as subscriphatesignificantly different [P=0.05, ANOVA
and Duncan’s multiple range test (Gomez and Gori®#64)]
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Table 15: Efficacy of different chromatographic fractions of chloroform extract of
leaves ofP. hydropiperand P. parviflorus against Bunch caterpillar, Andraca

bipunctataWalker.

% Mortality of caterpillar after 24 h***

*Eluting solvent system **Fraction

No. P. hydropiper P. parviflorus
PE I 13.334.71, 13.334.764n
EA/PE (1:10) Il 13.334.714 28.672.45,
EA/PE (1:5) 1] 100.006.00, 16.6742.09p
EA/PE (1:3) \Y 20.008.004, 96.67+4.7%
EA/PE (1:1) V 3.334.71, 14.338.424p
Chloroform VI 3.334.71, 15.334.764
Methanol/ Chloroform (1:10) VIl 30.0®+00; 19.334.76p
Methanol VIII 10.006.00, 20.004.00y,
Control - 0.006.00;, 0.0040.00,
CD at 5% - 22.31 18.32

* PE= Petroleum ether, EA= Ethyl acetate

** 1.0% concentration of each fractiwas applied
*** Each mean ($D) represent three replicates of 10 caterpillars
Means followed by a common letter as subscriphatesignificantly different [P=0.05, ANOVA and
Duncan’s multiple range test (Gomez and Gomez, 1
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Chapter- IV

Discussion

4.1. Contract toxicity test against Bunch Caterpilar, Andraca bipunctatawalker.
Bio-efficacy test of different solvent extracts lelaves of some plants against
Andraca bipunctataValker. are presented in table 1. The resultscatdithat all the leaf
extracts caused mortality of the caterpillars, hasvechloroform extracts of leaves of ten
plants showed higher mortality than the petroledinereand methanol extracts. Among all
extracts, maximum percentage of mortality was oleiiin chloroform extracts d®.

hydropiperandP. parviflorus

4.2. Contract toxicity test againstea termite, Odontotermes assamengitolm.

Investigation was undertaken to evaluatemiter control activity of the two
indigenous plants i.@2olygonum hydropipeiand Pogostemon parviflorusEfficacies of
different solvent extracts were examined againetwiorkers ofO. assamensjiswhich is

considered as a major tea pest in North-East India.

The study revealed that the treatment witfeint solvent extracts had significant
controlling effect as compared to untreated onesoig all the tested solvent extracts, the

chloroform extracts exhibited higher termite matyaih most of the cases (Table 2).

Dekaet al. (1999) showed that chloroform extracts of eiglatnplspecies were more
effective than petroleum ether and methanol exdragainsHelopeltis theivoraThe reason
may be due to more solubility and subsequent bexteaction of the active compound(s) by

chloroform than by petroleum ether or methanol. sTiact was well described by
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Schumutterer (1990) in his experiments with neetraeis. Azadirachtin and salanin are the
major compounds present in neem seed kernel. Amddin is a highly polar
tetranorterpenoid present in the deoiled part ofdleand consequently not extractable with
non-polar solvent, salanin on the other hand is pedar and hence extractable both by less
polar solvents such as chloroform as well as byampsblvent. It is observed in the present
study that higher concentration of extracts exbibitsignificant mortality as well as
antifeedant activity than the lower concentratidaatlier Borah (1982) reported that higher
doses of neem products were more effective in obimg Sitophilus oryzadhan lower

concentrations.

4.3. Antifeedant test against tea mosquito bugslelopeltis theivoraWaterhouse

Investigation on the insecticidal activity Bf hydropiperagainstH. theivorareveal
that extracts of all the tested plants have moiless antifeedant effects on the insect (Table
3 and Table 4). There is however, diversity in tdwege of activity among the extracts with
the three different solvents. The most potent hivacplant species is petroleum ether
extract of it exhibited significant effects tharetextracts with chloroform or methanol. The
activity however is dose dependent. It seems thweacompound is more soluble in

chloroform; hence extraction with chloroform givastter activity.

The antifeedant properties of phytoconstituerdee reported by Tripathi and Rizvi
(1985) and Roychoudhury (1994). Antifeedant prapsrtof Pongamia glabraand
Polygonum hydropiperhave been reported by Rahmat al (2002). In the present
investigation it was found that thd. theivora consumed less food from treated shoots
because the utilization of food by insects requiresonly that the same amount should be

palatable to be ingested, but also that the gutldifanction properly to allow digestion and
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assimilation. There is evidence that azadirachtevgnts this from happening. It has been
shown that injection of azadiractin into nymphs aaliliits ofLocusta migratoriainduces
inhibition of midgut peristalsis and concurrent d#pn of seroteninergic cell bodies in the

frontal gangalia (Dorn and Trum, 1993).

The antifeedant often induce starvation inhanbivore and can indirectly cause
developmental deviance and thus stimulate a grawiibitory effect (Slama, 1978). Present
observation supports this view. It is observed tha to the less feeding from treated shoots

the normal growth and developmentHbftheivorawas disrupted.

The feeding activity of insects treated witttroleum ether extract &f. hydropiper
was found to be low as compared to the control. €kact having high antifeedant
property compelled the insects to feed less quantihich ultimately caused reduction in

body weight and hence low relative growth ratehefinsect.

It has been shown that chloroform extradtd. @antana camarahave antifeedant

property againsChilo partellus(Swinhoe) (Bhatnagar and Sharma, 1994).

4.4. Comparison of plant extract with commercial irsecticides

The petroleum ether extract &f. hydropiperleaves was compared with one
commercial synthetic insecticide i.e. Endosulfar®o3&C. It has been found that the
feeding spots by thel. theivoraare less than that of the plant extract but tHaegare
comparable (Table 5).

The LG value of chloroform extracts &f. hydropipey P. parviflorus Endosulfan
35% EC and Neem gold have found to be 0.36, 0.29, &d 0.28 respectively against the

termite,O. assamensiflable -6). However, the results indicates thatglant extracts are
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in their crude form and so has highersk@alue that that of Endosulfan 35% EC and
Neem gold.

Endosulfan 35% EC, a synthetic organochlorinatedpmund and Neem gold, a
commercial active component has high insect conpamver. On the other hand, the
Polygonumhydropiperextract is in its crude form and so has less eediént activity than
that of Endosulfan 35% EC and Neem gold. After tfoaation of the plant extracts the

active compound(s) are expected to be highly effeet much lower concentration.

4.5. Bio-efficacy test against looper caterpillar,Buzura suppressariaand tea
mosquito bug,Helopeltis theivorafeeding on alternate host plants

Investigation was carried out to observe the efdéenost effective plant extract(s)
against major insect pests of tea feeding on differalternate host plants. The study
revealed that chloroform extract of bdth hydropiperand P. parviflorus are effective
againstH. theivoraandB. suppressarideeding on different alternate host plants (Table
and Table 7). Similar observation bintheivorawas observed by Goget al., (2005).

The study also revealed that chloroform extraétB.qarvifloruscauses effect on
development oH. theivoraon extract treated alternate host plants (Tabldr8gxtract
treatedVlikania micranthathe insect could survive only upt8®2nstars. In an experiment
Bhoopathi and Gautam (2006) reported that no lamfagygogramma bicoloraténad

completed its development on any of the test planteptParthemum hysterophorus

4.6. Toxicity studies against the insect pests am@neficial insects in field condition

The studies on effect of plant extracts on majaf &ating and sucking insect pests
and beneficial insects were carried out in fielcdhdibon. The study revealed that the
chloroform extracts oP. hydropiperandP. parviflorusare effective agains$i. theivoraas

well as B. suppressariain field condition by reducing their number in dted plots
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considerably (Table 10). However the plant extratits not affect the beneficial insects’
viz. Lady Bird beetle and Honey bee. Similar obagon by Sing (2006) reported that

neem oil reduces the incidence of mustard aphidowit affecting the foraging bee.

4.7. Toxicity studies of plant extracts on laboraty animals

A number of plant-based insecticides like nicotta@ not be commonly used due
to their toxic effect on higher animals includingm In the present investigation it was
observed that the L9 value of leaf extracts against mice were quitdn higcomparison
to insects (Table 11). Moreover, the tested hadogital and biochemical parameters of
control and extract treated mice were not signifibadifferent (Table 12). Plant based
insecticides generally break down rapidly in theél smd do not present long-term
environmental problems (Smith and Rust, 1991). ldemnaxicological safety to higher
organisms is expected from the leaf extract® .ohydropiperandP. parviflorus There
was no significant difference between means ofroband treated mice in both the cases

of haematological and biochemical parameters (B5)0.

3.8. Study the residual effect of the plant extrast

The study of the residual effect, persistence aaifllifie period of the plant extracts,
the most effective plant extract i.e. the chlorofoextracts ofP. hydropiperand P.
parviflorus reveled that the mortality was gradually decreasssh successive sets i.e.
from 24h to 72h (Table-13). In thd'4ets of petridishes having the plant extracts feefo
72h the mortality was only 3.33% at 4.0% conceiunat of bothP. hydropiperand P.
parviflorus In this set no mortality of insects was ther8.&t 1.0 and 2.0% concentrations

of the extracts. This experiment reveled that tHeaxy of the most effective plant
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extracts were only for one or two days. The effies©f the most of the plant extracts were
declining day by day after the application i.e asidual effects of the plant extracts.

4.9. Fractionation of most effective plant extrac) and their bioassay

The chromatographic fractionation of chlorofiorextract of leaves of.
hydropiperand their bioassay (Table 14) revealed that antlbageight fractions obtained
by column chromatography, the fraction no. V (edutéth chloroform) is the most toxic
against the termite, causing 88.20% mortality. ©fiections exhibited low bio-efficacy.
It is evident that the most active compound is @nésn fraction no. V whereas the other
compounds with less activity are present in othasctfons.

Table 15 shows that fractionation of effective @&uextracts by column
chromatography revealed that the fraction No lthyeacetate/petroleum ether, 1:5)Ff
hydropiperand No IV (ethyl acetate/petroleum ether, 1:3)Pofparviflorus were most
effective against the caterpillar. It was also obseé that chloroform extracts d?.
hydropiperis more effective thaR. parviflorusagainstA. bipunctata There the mortality
of caterpillar was found 100% after 24h of treattrenl.0% concentration of the fraction
No. Il of P. hydropiper At the same concentration, the fraction No. I\Pofparviflorus
caused 96.67% mortality after 24h of treatment.

From the fractionation and bioassay it is eviddmdt, chloroform extract oP.
hydropiper and P. parviflorus contain a variety of chemicals, which may act ascto

antifeedant or soil barrier to the termites.

From the fractionation and bioassay it is evidédwit,t chloroform extract oP.
parviflorus may contain a variety of chemicals, which may iee with the growth and
development process of insects. There are reportsiany active compounds isolated

from different plants having insecticidal propesyg. Azadirachtin and meliontrol in
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neem, diterpene clerodendrin A and B fr&@terodendron inermgMunakata, 1977;
Ahmed et al, 1981), Karanjin inPongamia pinnataShuklaet al, 1997; Jothiet al
1990). Polygoidal inPolygonum orientale(Larew, 1992). Lantendane ihantana
camara(Pandeyet al, 1979). Visicin inAdhatoda vasicgdKoshiya and Ghelani, 1990)
and an active terpenoid {Dassia tora(Bhargaveet al, 1997; Patiket al, 1990). Due to
the presence of these chemicals, the insects ceankas® food and so there is antifeedant
activity against the insect®. parviflorusalso contain some active compounds, which

have disrupted the development of the insects altigetfeeding of extract treated shoots.

4.10. Purification and characterization of the isated compounds

The active fractions were characterized throughNRIR and MS analysis. The

active compound might be backbone for producingenaative analogues.

4.11. People awareness programme

People awareness programmes were arranged inevilegas where the small tea
gardens are growing rapidly. Through these programthe tea cultivators as well as the
common people became aware about the various a&dwfects of hard synthetic
insecticides, most important being detection of tipekal residues in made tea,
development of resistance to insecticides in tasgpedcies, pest resurgence, death of
beneficial insects, secondary pest outbreak andamaental contamination for a long

time.

Through this programmes the peoples also becomeeaa@out the insecticidal

plants and their eco-friendly plant extracts whick most effective against several major
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insect pests of tea in their areas. The botamsacticides from the plants will boost the
economy of the local people as well as of the aguhexport potential is tapped properly
and this should protect the environment from tosesidue of synthetic insecticides.
Moreover cultivation of insecticidal plants woulthprove the economy of the indigenous
people. Therefore attempt was also made to makpl@eavare for the cultivation and

conservation of insecticidal plants.
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Chapter- V

Conclusion

Widespread use of synthetic insecticidestvibienefit the tea producers but this has
led to many problems, most important being detectib pesticidal residues in made tea,
development of resistance to insecticides in tamgmtcies, pest resurgence, death of
beneficial insects, secondary pest outbreak anola@maental contamination for a long time.

The presence of excessive residues of synthetecticgdes in Indian made tea has
been a serious setback for its popularity amongctresumers of the advanced countries,
since there has been a global awareness on pabtiegidues in made tea as well as in other
foods.

Most of the synthetic insecticides used for pesttrabd are currently precluded
because of the above drawbacks. Hence it has bexeoassary to look for an alternative.
Among the various alternatives tried by the scsgatione promising alternative technique is
the use of botanicals.

Toxicological and environmental safety can be asguifnom the leaf extracts of
Polygonum hydropipeandPogostemon parviflorysvhich have been found most effective
against the Tea Termit®©( assamens)s Bunch caterpillar 4. bipunctatd, Tea Mosquito
Bug H. theivorg all are major insect tea pests in North-Eastdndi

The contact toxicity, antifeedant as well as bargéect of plant products have
significant importance in controlling insect pestagricultural system. Application of such
plant extracts in the field, is likely to limit tHfeeding activity of the insect and could cause
their feeding inhibition due to its disruption asnmal activity and metabolic inhibition.

The people awareness programmes helps the culsvatowell common peoples to
aware about the adverse affects of hard synthesiecticides as well as the use of eco-

friendly plant products against the major insedtpef tea.
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Observation from field application of plant extrattcan be concluded that plant
extract are effective against major insect pestomi causing environmental problem and
any harmful effect on pollinating agent (e.g. Holee) and friendly insects (e.g. Lady bird
beetle).

The plant products will boost the economy of thealopeople as well as of the
country if export potential is tapped properly ahts should protect the environment from

toxic residue of synthetic insecticides.
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